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Introduction

1. Introduction

The conspicuous begging display of young birdsrmadhmals has become a model for
studies on the evolution of animal signals (reviéwg Kilner & Johnstone 1997 During
begging, a frequently used term to describe satioih behaviour by chicksRfden &
Bengtsson 1980Christe et al. 1996 altricial nestlings expose brightly coloured gap
flap their wings and call loudly to obtain food ringparents. Given the proximity of adult
and young during signalling, this apparently viggralisplay seems unnecessary or even
costly in terms of predator attractiorLegch & Leonard 1997 Dearborn 199p
Exaggerated begging can be seen as an expresstonfot over the allocation of limited
resources between parents and their offsp@wfray 199}, particularly in the context of
life history theory and parent — offspring conflict

Reproduction is costlyWilliams 1966; Stearns 1992; Wernham & Bryant 199t
only in terms of an enhanced foraging effort (&gskaft 1985Reid 1987 Gustafsson &
Sutherlandl988), but also regarding proximate mechanisms likeitpgact on hormones
and immune functions, metabolism or stress tolerafmeviewed inHarshman & Zera
2009. Life history theory assumes that parents mugtilege the investment into each
breeding attempt to maximize their lifetime reproiilke successStearns 1992 Reduced
parental survival due to excessive investment atloeeding attempt may greatly decrease
lifetime reproductive succes®gesek & Diem 1990 Therefore, in long-living species
the trade-off between current parental effort aggldual reproductive value will be biased
towards the latter{amer et al1998. Especially in poor seasons, parents are expécted
reduce the quality of their offspring or abanddor@eding attempt rather than compromise
their survival and future opportunities to reproglu®artin 1987 Saether et al. 1993
Weimerskirch et al. 1995Wernham & Bryant 1998Takahashi et al. 1999bSo the
optimal amount of investment for a parent to supply not equal the optimal amount for
an offspring to receive. From this clash of intésebe parent — offspring conflict arises
(Trivers 1974. Hence seemingly exaggerated begging was sughéstee a result of
selection on offspring to manipulate parents intovjgling more resources than they have
been selected to giv&odfray 199119953 Wells 2003.

On the other hand, honest signalling models asstmae begging reliably conveys
aspects of offspring need that parents cannot as$iesctly (eonard & Horn 2001a
Since adults need to balance their investmentnatdid resources carefully between self-
feeding and food provisioning to the offsprirgdénberg 199% the information about the
needs of their nestling would give them useful slte facilitate the appraisement of food




Introduction

delivery (Haig 1990. Herein, the terrmeed describes the increase in an offspring’'s
personal fitness resulting from ingesting a certammount of food Godfray 1991 Royle et

al. 2003. The more a chick can benefit from a feed, thedier it is Yillasefior &
Drummond 200Y. In many cases, need is likely to be a functibtwo main factors: short-
and long-term needsPf(ice et al. 1996 lacovides & Evans 1998 A chronic
undernourished offspring that is underweight ferage can be satiated, having been fed
recently, just as a well-fed nestling can be hungiye first has pronounced long-term
needs, whiclPrice et al (1996 defined to be the total amount of food requiredi¢dge,
while the latter's short time needs, i.e. its huné¢gvel, are marked\llasefior &
Drummond 200Y.

The distinction between short- and long-term neades the question which aspects of
offspring condition might be advertised during bieggand whether distinct begging
parameters convey information about different atspe€ the chick’s state. As several
authors pointed out, the intensity of solicitatlmhaviour of a nestling encodes not only its
needs, but can also be influenced by its dgmriard et al. 1997Clark & Lee 1998
Jurisevic 1999Macgregor & Cockburn 20QZladbach 2006or genderRrice et al. 1996
Quillfeldt et al.2007H. Most studies on parent — offspring interactibase been carried
out in passeriform birds, where nest mates comioettood and care, respectively access
to the feeding parenChoi & Bakken 1990Price & Ydenberg 199%0ttosson et al. 1997
Parker et al. 2002Neuenschwander et al. 2Q0&or examplerice et al (1996 reported
for Yellow-headed blackbirdsX@nthocephalus xanthocephaluthat begging calls of
chicks varied with the intensity of sibling competn but were independently of need.
Contrarily, Cotton et al(1996 provided experimental evidence that begging inopean
starling Sturnus vulgaris nestlings is purely a function of individual needid not
influenced by siblings. Compared to the scramblemetition among nest mates, which
has been demonstrated to intensify begging disd@ysth & Montgomerie 1991Price
1996 Leonard & Horn 2001)a predator avoidance acts as an attenuating selgutessure
on this behaviourRlatzen & Magrath 2004 Kilner & Johnstong(1997 concluded that
parent — offspring interactions are rarely as seamgd signalling models assume. Data on
information content of chicks’ solicitation behanroor parental resource allocation should
be interpreted with caution, because signal intgmeight be determined by need as well
as by the potentially confounding factor of sibliogmpetition Kilner & Johnstone 1997
Krebs 200). ThusRoyle et al (2002 stated the degree of reliance to be stronglyesdnt
dependent. Begging might be a true signal of nedy when the potential for conflict is
low and food is not a limiting factor.
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Addressing this question of honesty to avian spewigh single-chick-clutches, some
complications are excluded since signalling canshelied in the absence of sibling
competition. Potential study taxa, rearing singhéck broods, can be found among
penguins, auks, cockatoos and rapt@sil{ffeldt 2002h. But the only order where all
species have obligate clutch sizes of one egg laee Rrocellariiformes, inter alia
comprising albatrosses, petrels and shearwatéasham 1990; 1996

Quillfeldt & Masello (2004 posed a key question in parent — offspring copfhiamely
whether resource allocation is controlled primably parents or by their offspring, and
how this interaction is mediated behaviourally. s the great diversity of
procellariiform seabirds, all species investigagedfar seem to use structurally similar
begging calls, which have a submissive connotaf{®retagnolle 1995 Nevertheless,
controversy still exists regarding the informaticontent of begging and the mechanisms
underlying parental feeding decisions, althoughrehis increasing evidence that food
availability, adult experience and body conditiangd the duration of foraging trip length
during chick rearing play a central role in the ulagon process Ghaurand &
Weimerskirch 1994 Lorentsen 1996Weimerskirch et al. 1997aNeimerskirch et al.
2000.

Procellariiformes as long-living seabirds, exhuit extreme pattern of development in
which chicks accumulate enormous quantities ofdagérves during the nestling period and
subsequently lose most of it prior to fledgirigidklefs et al. 1980Hamer et al. 1993
Chicks are fed large meals at long intervals oftoapseveral days, with pair partners
feeding independently from each other (aMarham et al. 1977Ricklefs et al. 1985
Hamer & Hill 1993. This prevent foraging adults from obtaining able information
about the chick’s food requirements at the nexit ¥s the nest, because the nutritional
state of a chick at one feeding may convey litti®imation about its needs at the end of
the parent’s succeeding foraging trigagner & Hill 1999. Given short-term stochastic
variation in foraging success, the average levefoofl delivery should be higher than
required to sustain average growth rafeKlefs & Schew 199¢ This was expected to
cause a chronic overprovisioning of the chick rasglin the accumulation of large
amounts of adipose tissue due to an intrinsic rnyofi adult provisioning behaviour rather
than being able to respond directly to the sharmiteeeds at the nedRiCklefs et al. 1985
Ricklefs 1987 1992 Hamer & Hill 1993 1994). This trait has been attributed to the low
rate and irregular pattern of food provisioning @nthe limited and unpredictable marine
food resourcesRicklefs 1992 Hamer 1994Ricklefs & Schew 199¢ This hypothesis was
strongly supported by the observationHdmer et al(1997 that in chicks of the Short-
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tailed shearwatelPuffinus tenuirostris a species where feeding occurs less frequently a
provisioning rates are highly variable, accumulatod large lipid reserves was even more
pronounced. In this group, therefore, provisioniate was supposed not to be influenced
by the chick, through solicitation, but may instdael determined solely by the adults’
ability to obtain food. At individual level, thisilvreflect stochastic variation in foraging
success, while consistent differences between shigk likely to occur as a result of
variation in adult quality and experiendéafmer 1994

On the other hand, in the early 198Msuris (1983 already reported that Atlantic
puffin (Fratercula arcticg parents are able to perceive the nutritionalustaif their
nestlings through the intensity of the begging kdigpSubsequently, several experimental
studies investigated the regulation of food delvby adults, but results are equivocal.
Nestling age, nutritional demand, or both were tbtm regulate parental provisioning in
some studies of seabird¥ofinson et al. 199€ ook & Hamer 1997Erikstad et al. 1997
Wernham & Bryant 199&ndHarding et al. 2002or puffins; Weimerskirch et al. 1997b
2000andPhillips & Croxall 2003for albatrossesiVeimerskirch et al. 199%olton 1995a
1995k Takahashi et al. 1999blamer et al. 199@&nd 2006 for petrels and storm-petrels;
andBertram et al. 1996or Rhinoceros auklet€erorhinca monocarafg but not in others
(Hudson1979 for the Atlantic puffin;Ricklefs 1987 1992 Hamer & Hill 1993 1994
Saether et all993,Bradley et al. 200@nd Granadeiro et al. 200for petrels and storm-
petrels,Takahashi et al. 199%ar the Rhinoceros auklet). The inter- and evéraspecific
differences in parental response to experimentahipoéation of chick food demand
explainedBolton (19950 andTakahashi et al1999h by the differences in foraging trip
duration. Parents of Procellariiformes changed fpoalisioning in accordance to their
chick’s need when individual adults attended thstsiee at average intervals of less than
two days, while species performing foraging tripsmmre than two days cannot or do not
respond to the requirements at the nest. This ve&ed back to the fact that a shorter
feeding interval may provide parents with more cesnto evaluate and respond to the
changing nutritional status of their chidggton 1995.

The average feeding interval of Wilson’s storm-pktthe model organism chosen for
this study, ranges from 1.3 to 3.3 nights per imlial parent, depending on Krill
abundance and seasduflifeldt & Peter 2000 Bul3er et al. 2004 Nevertheless, it was
assumed that nestlings of this species advertisie tieeds during begging and parents
adjust their feeding decisions accordingBu(lifeldt 2002a Gladbach 2006 The acoustic
repertoire of chicks consists of two types of gatlamely rhythmic and long calls. The
former describes series of similar elements raprdlyeated at regular intervals. Single
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elements of the latter are more extended and getpgebn the calls are less regular. They
are exclusively uttered in the presence of an @dwgolicit food and thus are referred to as
begging callsQuillfeldt 20023.

The purpose of this study was to examine how in&tiom on nestling need is encoded
in the structure of begging calls given by Wilsosterm-petrel nestlings and whether this
information is appropriate to the chick’s need.the analyses of begging calls three
different approaches were combined. First, to ensamparability with earlier studies
which are based mainly on countable call paramdileescall number and call rate (e.g.
Granadeiro et al. 200@uillfeldt & Masello 2004 Quillfeldt et al. 2004 Hamer et al.
2000, these ‘classic’ call parameters were includethi study. However, they describe
the begging call session rather than individualgivegy call elements and the information is
not given until the end of the whole begging sess&ince different components of certain
signals may encode specific information, a singlgding call could contain all particulars
required for parents to adjust their provisionigthe chick’s current needs. Therefore,
more recent investigations on call characterisbiten use acoustic call features derived
from spectrogram analysis to test their informatontent regarding chick body condition
(e.g. Price & Ydenberg 1995Sacchi et al. 2002Gladbach 2005Trager et al. 2006
Quillfeldt et al. 2007h Analyzing the acoustic structure of single elatseof begging
calls of Wilson’s storm-petrels, e.g. the frequencyduration of a call element, was the
second approach in this study. It was tested whetlag-to-day variation in these
parameters reflect the day-to-day variation in khbody condition. To concentrate
possibly marginal effects of highly correlated astou call parameters, a Principal
Component Analysis was accomplished, represertieghird approach.

The responsiveness of parents to the informationiged by their nestling was further
examined. In case adult Wilson’s storm-petrels stdjihe provisioning effort to their
chick’s needs, provisioning parameters should ceangaccordance with nestling body
condition. Parents may respond either directly dgurgitating more or less food, or later
by altering the feeding frequency.

To address these questions of chick’s honesty dualf'aresponsiveness, and to verify
empirical findings, a supplementary feeding expentnwas conducted. Providing
additional food by supplementation was expectedatdeast partly, satiate the chick and
reduce its short-term needs. Thus, begging intessibuld decrease in the course of the

experiment if different begging parameters revegleats of chick’'s requirements or need
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for food in particular. Furthermore, reduced beggishould lead to diminution of
provisioning effort by parents.

Finally, several authors reported differences betwemales and females in
responsiveness to chick’'s needs (&\gimerskirch & Lys 2000Quillfeldt et al. 2004
Hamer et al. 2006 In Wilson’s storm-petrels, adults show only argmal sexual size
dimorphism BuRer 2003 and no extra-pair paternity occur®ullifeldt et al. 200)
Hence, a sex bias in parental investment or difiees in responsiveness seem unlikely in
this seabird species. Nevertheless, parental poowmgy was examined separately
regarding the sex of the feeding adult.

The following predictions were tested:

(1) Different components of long begging callsteaminformation about the nutritional
state of the nestling and thus differ with chické&ed.

(2) Parents are able to perceive this informagpimvided and base their feeding decision
on it.

(3) Supplementation results in a decrease of bgggtensity and consequently in reduced
parental investment.

(4) No differences in provisioning arise betweenles and females. Both sexes show

equal responsiveness to their chick’s needs.

To my knowledge, this investigation is the firseacombining the experimental
manipulation of chick body condition by supplement@eding with the analysis of

sonagraphic call features.
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2. Methods

2.1. Study object

The Wilson’s storm-petrel is with a wingspan ofetg, the smallest breeding bird in
the Antarctic, but one of the most abundant seabivdridwide Del Hoyo etal. 1992.
Over one million breeding pairs nest circumpolaricsfree coasts of the Antarctic and
subantarctic island€8eck & Brown 1972 Marchant & Higgins 1990 They approach the
breeding colony only during the reproductive peribtke the sympatric breeding and
slightly bigger Black-bellied storm-petrefregetta tropica they use crevices and natural
cavities in scree slopes as nest burrows. In omevoid diurnal predators like Skuas
(Catharactaspp.) and gulls (e.g.arus dominicanusthey attend the breeding colony only
at night Hahn & Quillfeldt 1998.

With the other members of the very divers orderTabenoses (Procellariiformes)
Wilson’s storm-petrel shares a uniform life-hist@tyategy. They have an obligate clutch
size of one egg and a large slow-growing chickr Partners are socially and genetically
monogamousQuillfeldt et al. 200} and both sexes are equally involved in the intens
parental care, like incubating the egg for 38 tod4§s followed by chick-rearing which
lasts for 55 days, on averagffdrham 199k

As soon as the chick is able to maintain its badygerature by itself (1-2 days after
hatching) it is left alone in the nest burrow dgrigdaytime while the adults forage at sea
(Roberts 1940 Warham 199D They prey mainly on krill, e.gEuphausia superha
amphipods and small myctophid fishrpxall et al. 1988Quillfeldt 20029. Chicks are fed
during nightly visits at the nest with partly diges food items, but primarily with a high
energy stomach oil, consisting of free lipids, $atuible pigments and wate/arham et al.
1976 Warham 19770bst & Nagy 1998 The food is delivered from adult to chick by
approximately 30 beak-to-beak regurgitations (ovinseovation). Since feedings occur
only at night, feeding events are discrete andrduent feeding history can easily be
classified Quillfeldt 20023.
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2.2. Study site and investigation period

The study was carried out on King George Island18%5, 58°40'W), which belongs
to the South Shetlands, an island chain approxigndt®0 km north of the Antarctic
Peninsula (Fig. 2.1.). The study site is situatesliad the extinct and intensely eroded
volcanic vent Cerro Tres Hermanos on the ice freiéeP Peninsula about one kilometre
away from the Argentinean Base Jubany.

10 km

Study site on
Potter Peninsula

Antarctic Peninsula and
South Shetland Islands

Antarctica

Fig. 2.1. Location of the study site on King George Island and
its location to the Antarctic Peninsula.

Through degradation of the volcano the scree slopasist of basalt boulders of 0.2 to
3 m in diameter. These rocks form natural caviaes in inactive areas, where slope
failure and rock slide had come to an end, theydaresely covered with different lichens,
mainly from the genufJsnea(Hahn 1997. The cavities between and under the boulders
are used by Wilson’s storm-petrels for nesting.c8irLl996 O. oceanicushas been
monitored in this breeding colony. Its populatiameswas estimated to 1400 to 2280
breeding pairs in 199614@hn et al1999.

10
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Fig. 2.2. Mean daily temperature (A) and mean daily wind speed (B) measured in the base Jubany
in the seasons 2004/05 and 2005/06 compared to an average value covering 20 years
(1985 — 2006). The means are stated per decade.

The weather of the study area is affected by tation in the westwind belt resulting in
a maritime polar climateSfonehouse 198Wunderle et al. 1998t is characterized by
moderate variations in temperature (Fig. 2.2.,ydaieans ranging from -7°C to +7°C in
summer months) and, for polar regions, relativelghhprecipitation (mean monthly
rainfall over the last 20 years: 29.4 mm in Decemiseng to 48.7 mm in March). Since
the temperature can even in summer fall below tkezing point, occasionally snow
storms are not unusual and can accumulate sevecahetres of snow, posing a serious
threat to the storm-petrels by blocking the nestramces. Weather data were made
available by th&ervicio Meteorologico NationgArgentina).

The field work for this study was carried out irettntarctic seasons of 2004/05
(December to March) and 2005/06 (January to Mard¢h).the following all year
specifications refer to the second half of the mlstummer, therefore ‘2005’ corresponds
to the breeding season 2004/05.

2.3. Measurements

At the beginning of the season nests marked inipuewears were checked for signs of
activity like incubating adults or recently laidgsg When an egg was detected, length and
breadth were measured to the nearest 0.1 mm usigjreg calliper and it was weighed to
the nearest 0.1 g using a digital balance. Aduokgle the nest burrow were hand-captured,
for monitoring purposes ringed and several morphoos€length of head, beak and tarsus
to the nearest 0.1 mm using a sliding callipergthrof tail, wing and eighth primary using

11
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a stopped wing rule to the nearest millimetaed the body weight (using the digital

balance to the nearest 0.1 g) were measured. Fomdhe, to differentiate between adults
on the video tapes, one adult of each breedinggbgiotential film nests was marked with

a dot of white paint on the forehead and the bowkewings. After handling the bird was

replaced into its burrow to reduce the risk of getaught by an avian predator, notably
Skuas.

Wilson’s storm-petrels show a tendency to deseztrbst after repeated disturbance
during the incubation perioBéck & Brown 1972, hence the nests were not visited again
until four days past the estimated hatching dateceSthe egg loses water during
incubation, its weight decreases up to 16% of thigal value Rahn & Ar 1974. The
hatching date can thus be calculated from egg teasd volume according to following
equation Furness & Furneskd81 Quillfeldt & Peter 200

mass _ 085 %
lengthbreadttf [0.507 cm
00079

cn?’

days_until _hatching=

The absence of parents from the nest during theadaw days after their offspring has
hatched provides the opportunity to handle thekchith relatively little disturbance to the
adults. Chicks were weighed daily to the nearekigQusing a digital balance respectively
to the nearest 0.5 g using a Pesola spring balanoeth late seasons due to failure of the
digital balance. Weighing occurred every day in $hene order and at approximately the
same time for every chick. For further analysis th&ss at a standardised time (14:00 h
local time) was calculated taking into account thass loss due to respiration and
defecation Quillfeldt & Peter 200D Using these data the individual body conditidn o
chicks was determined as the residual mass todpal@tion mean mass of chicks of the
same age and expressed as a proportion of theefm@dialuesQuillfeldt 20023.

Procellariiform chicks have a typical growth cuiemass development with a period
of rapid increase up to a peak followed by a perddslow decrease until fledging
(Warham 1990. A good description of the period of mass incecap to peak mass
provides the sigmoid Gompertz equatideimerskirch & Lys 2000Bunce 200} but it
underestimates the peak mass if data of the pagifig mass recession are included.
Therefore body mass development was characteriged) whe ‘final curve’ ofHuin &
Prince (2000 consisting of an original Gompertz curve and pineduction of a delayed

inverse Gompertz curve:
_eht) _gle(t2) |
mass= Alé€
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The chicks grow with the mass growth rédeto an asymptotic mass, having their
fastest growth at the midpoint in ma&& at the timet;. After a period of relative stability,
mass loss becomes more important with the maximassross rat& at the age,. Due
to the limited field season none of the chicks welbserved to fledge and data of pre-
fledging mass loss are not available for all chidksthese cases the original Gompertz
curve was used to determine the coefficients aviddal body mass development.

To assess individual body growth rates, chicks wasasured every third day after
reaching a tarsus length of 20 mm, which occunaage of approximately 15 days. The
length of tarsus, wing and if possible eighth prynand tail were determined as described
above for adults. Individual growth rates for targl), wing (ky), eighth primary (i) and
corresponding asymptotes (A) were evaluated bindittollowing logistic growth curve to
the data. A

In the equatiorii represents the time of inflection of the growthve respectively the
time of maximum growth rate.

2.4. Sexing of chicks and adults

To determine the gender, blood samples were tal@n &dults during handling and
from all chicks surviving until the end of the bdésy season and being in a physical
constitution where this interference was scierdlfic reasonable. Though avian
erythrocytes still enclose the cell nucleus, vétielwhole blood contains sufficient DNA
for the method of DNA-sexing. Female birds are togametic (ZW) while males are
homogametic (ZZ), thus the sex of a bird of unknogender can be determined by
detecting the presence of a W chromosome sequdecwlés) or its absence (males;
Fridolfsson & Ellegren 1999

Blood samples were taken by puncturing the ulnam Yéena ulnariy with a sterile
canula. The leaking drop of blood (about Bpwas transferred via heparinized capillaries
to 50Qul APS buffer Arctander 1988 To stanch the bleeding, cellulose was pressed up
the lesion. The samples were stored at -20°C fumther processing.

DNA was isolated from blood cells and precipitateith ethyl alcohol according to a
standard procedurd/fller et al. 1988 modified byLubjuhn & Sauel(1999. The method
described inFridolfsson & Ellegren(1999 was used to differentiate between the sexes,
since females are characterized by displaying tagnients after PCR amplifikation with

13
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Fig. 2.3. Pattern of DNA-bands after separating the DNA fragments by gel electrophoresis and
visualizing by ethidium bromide staining. Samples with two bands (e.g. samples 1 and
2 on the left) are determined as females, one band indicating males (e.g. samples 3
and 4).

specific primers and the separation in a gel edpttoresis, while males only show one
DNA band (Fig. 2.3.).

2.5. Estimation of meal sizes and manipulationupptemental feeding

Meal sizes were calculated by correcting the diifiee between daily weightings for
metabolic mass losR{cklefs et al. 1985Quillfeldt & Peter 200 Due to functional
limits of the adult's capacity of carrying food, loalated meal sizes up to 13 g were
defined as single feeding, while meal sizes excepdiB g were defined to represent two
feeding events assuming both parents to contriegtelly to the detected total meal size
(Obst & Nagy 1993Quillfeldt & Peter 200 If feeding events of two adults were directly
observed on the videotape, two feeding events vegistered, even if the total meal size
was less than 13 g. The total meal size was thetitipaed according to the observed
number of food regurgitations per paretiRer 2003

Unfed chicks with an observed mass change higlear the estimated metabolic mass
loss indicate that a certain number of chicks logge than the average weight over the
day. This number was assumed to reflect the sammbewof chicks, which lose less than
the average amount of mass. An equivalent numberhwks were therefore stated as
‘unfed’ despite of a computed small meal intake.

In very young chicks meal size is not independeminfchick age Quillfeldt & Peter
2000, but is constrained by the ability of the chickswallow a certain amount of food.
To exclude this influence, only calculated meaksiof chicks older than 10 days were
included in the analysis.

During the treatment period, chicks were given $apental food consisting of cod
liver oil (Pure Cod Liver Oil by Superdrug Storels@? Croydon/UK) to manipulate their

14
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hunger level. The energy content of the oil of 3Q1/y Heseker & Heseker 1998 quite
similar to the value for stomach oil of Procellamimes (40 kJ/gWwarham et al. 1996 The
amount of food supplemented to chicks was calcdlateas to induce some improvement
in body condition without overburdening their dijes capacity, which could affect the
ability to accept more food from their parents. fnevided supplement was calculated to
constitute 50 % of the daily energy requirementhef chick of a defined age based on the
energy values given i@bst & Nagy(1993 and assuming an assimilation efficiency of
90 % @Bolton 1995 So calculated doses of supplement ranged betw&eg and 2.8 g
(Fig. 2.4.) representing 14-33 % of the mean nyghtdod delivery by the parents
(Quillfeldt & Peter 200)

Each meal has been hand-warmed before introduciioa.cod liver oil was directly
introduced to the chick’s esophagus by a smalilflexube using a 10 ml syringe. None of
the chicks receiving the supplement regurgitatedfaad. Small amounts of unswallowed
oil were negligible.
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Fig. 2.4. Daily energy requirements for metabolism and tissue growth of Wilson’s storm-petrel
nestlings in dependence of age (left scale) and the thereafter calculated mass of
artificial food supply (right scale). The dotted line marks the range of age classes

where supplementation took place.
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2.6. Records of feeding visits

The nightly behaviour of nestlings and provisioniadults was recorded using an
infrared camera system (describedMasello et al. 2001 This installation consisted of a
miniature camera with infra-red illumination andbailt-in microphone, connected to a
video cassette recorder (Toshiba V-210EG). Powpplguwas ensured by two charge-
coupled 12 V SLA batteries which were protectedirsgiacold and wetness. The camera
was placed inside the nest burrow approximatel)2Q@m from the chick. Every night
before sunset, the system was provided with reeldabgtteries, an empty video tape and
started in the longplay mode to cover a recordimg tof up to eight hours continuously.
To detect relatively rare feeding events duringtidag, filmed chicks were weighed again
prior to starting the record.

Due to a high between chick variability regardihg tbegging parameter®uillfeldt
20029 each chick served as its own control. Therefare hights per chick were first
recorded without manipulation, referred to as aadreriod. In the subsequent two nights,
the treatment period, the chick received food seiqpeintation directly before starting the
record.

The tapes provided the basis for the analysis ofistcc parameters of nestling begging
display and furthermore, chick provisioning coulel quantified, e.g. feeding frequency,
time of arrival and identity of the provisioning wdd (presence of leg rings or plumage
markers), beginning and duration of feedings anohbrer of food transfers during one

feeding event.

2.7. Analysis of begging calls

A begging session was defined to start with th& fong begging call uttered due to an
arriving adult and to end with the last beggind,dallowed only by rhythmic call series
or silence, independent of continuation or termarabf feeding. For the analysis of the
vocal behaviour of nestlings during feeding eveatgjio streams from the video records
were digitized at a sample rate of 16 kHz and 16dsiolution using Cool Edit Pro 2.0. For
all recorded begging sessions (58 in 2005 and 48016), the following classic call
parameters were measured by counting from theizkditrecords or directly from the
video tapes: the duration of the begging sessiom(n), the total number of begging calls
per session, the call rate over the complete sesdiegging calls per min) and the
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Fig. 2.5. Envelope curve (top) and spectral view (bottom) of ten calls of a begging session in
AviSoft 4.2.

maximum call rate sustained for one minute (beggadts per min).

Furthermore, from each feeding session 15-20 iddadi calls were selected for the
analysis of acoustic parameters. The differenceuimber is due to very low call rate in
some cases. The calls were taken from the begirofitlge begging session but recording
quality was taken into account (good signal quadityl absence of interfering calls from
attending adults or neighbours). From these calksctsograms were calculated using
AviSoft 4.2 (FFT-length: 512, time resolution: 1 ,nmiequency range: 0-8 kHz, Fig. 2.5.).
The spectrograms were required for the semi-auiomamalysis of acoustic call
parameters using the software ConAn 0.93 (by R.dWyrdescribed itMundy & Sommer
2009). From the output of ConAn 0.93 eleven parametasee chosen for the statistical
analysis of the begging calls. They included theation of a single call element, four
frequency parameters and six describing the aaowstucture of a call (for further

explanation see Tab. 2.1.).

Tab. 2.1. Sonagraphic call parameters determined in ConAn 0.93. Modified after Gladbach

(2005).
Abbreviation Call Feature Unit lllustration
Duration Duration of syllable ms
FMax Maximum frequency of the element Hz
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Tab. 2.1. (continued)
Gladbach (2005).

Sonagraphic call parameters determined in ConAn 0.93. Modified after

Abbreviation Call Feature Unit [llustration
FMean Mean frequency of the element Hz
LocEMax Relative location of FMax normalised to )
element’s duration
LEMaxAbs Absolute location of FMax from o
beginning of the element
SIStMax Difference in frequency from start to FMax ~ HZ
<
divided by LFMaxAbs me
Difference in frequency from FMax to Hz
SIMaxEnd elements end divided by duraton me
LFMaxAbs to end
BroadTot Frequency breadth of the element Hz
Frequency at which the maximum energy
PeakFTot is concentrated (rather frequency with Hz :
1
largest amplitude) :
LMaxAmp Relative location of maximum amplitude )
normalised to elements duration
LMA_Abs Absolute location of maximum amplitude ms

from beginning of the element
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A further interesting factor would have been theximaim amplitude, thus the volume
of begging calls, but it was excluded from analysisce it is not independent from the
distance between microphone and chick, which coatdoe ensured to be standardized for
all records. Data for all call features were meadigeparately for each of the 15-20 calls
of a begging session and afterwards averaged &noétmean value for the whole begging
session.

Scarce recording quality due to heavy backgrounsencaused by wind excluded eight
records from processing in ConAn 0.93 which redubedsample size to 50 in 2005.

In the analysis of the effect of body conditionaall features only first feeding events
per night per individual chick (i.e. chick-night)eve included. Daily variation in the
begging behaviour is therefore supposed to retleetchick’'s need at the time of adult
arrival. The first recorded begging session peclchight was further used to test whether
the classic call parameters were correlated to etwdr.

Sixteen (in 2005) and eight (in 2006) second fegdinents were recorded and tested
for differences in call parameters expecting tia $econd begging session per night is
influenced by satiation.

2.8. Statistics

Statistical tests were performed using SigmaSta8 and SPSS (versions 11.0 and
13.0). Figures were created in SigmaPlot 8.0 an8SSRAIl tests were two-tailed and
values are given as mean + standard error, exdegrtenstated otherwise.

A t-test was conducted to control for differenceshick body condition in both years
in order to combine the two datasets in case th@ati@ns are independent from year.
Where it revealed an influence of season, all aeslywere repeated for both years
separately.

To test for the influences of chick body conditiand supplementation treatment on
calling and from calling on chick provisioning, Geal Linear Models (GLM) and
associated posthoc-tests were used. In order twotdar individual differences between
chicks, nestwas included as categorical independent varialfieed factor’). Initially,
interactions between covariates were included abducovariates, but removed as it did
not reveal significance (P>0.25).

Furthermore, highly correlated call variables wepenbined in factors using a Principal
Component Analysis (PCA). This approach is a tepimmiused to reduce multidimensional
data sets to lower dimensions for analysis by metgithose characteristics of the data set
that contribute most to its variance.
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3. Results

3.1. Chick development
3.1.1. Chick growth

Throughout the fledging period, changes in the viddial mass of chicks showed
repeated periods of decrease, corresponding tasgimilation of food, with steep increase
after receiving meal.

Chick body mass development in Wilson’s storm-pgetembined for all chicks of
2005 (n=91) and 2006 (n=90) respectively, showedtypical pattern of procellariiform
seabirds (Fig. 3.1.). The curves were best desthlyehe following equations.

—-009(age-855) _ eOD3I]age—7438)

For 2005: mass=6663(e ©
R? = 0.65, df = 2011, F = 933.84, P < 0.001
_ e—0.0QK]age—SZQ) _e0.0:ﬂ]age—11696)
For 2006: mass= 6349(e
R’ =0.76, df = 2658, F = 2143.74, P < 0.001
60 -+

i
o
1

body mass (g)
8

20 -
10 -
01— | I o I o I 1
0 10 20 30 40 50 60
age (d)

Fig. 3.1. Body mass growth curves for Wilson’s storm-petrel chicks in the field seasons 2005
(filled circles) and 2006 (grey circles). The steep increase of values of the last four age
classes in 2005 is based on two heavy chicks.
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Coefficients of body mass development computed fiodividual growth curves,
differed significantly between the two seasons (AMOfor peak mass: f35=17.87,
p < 0.001; age at peak masg; £ 12.48, p = 0.001; growth ratejsk= 4.20, p = 0.042). In
2005 the peak mass of 43.97 £ 1.16 g was reachaa age of 26.19 + 1.04 days, while in
2006 nestlings needed 31.91+1.25 days to achig@r maximum weight of
62.15 * 3.84 g. The mean growth rate of body magske first season exceeded the one of
2006 with 0.14 +0.01 to 0.12 £ 0.01. The GLM rdedafurther an influence of the
hatching date on growth rate {F= 7.84, p = 0.006) and age at peak mass<HA9.31,

Tab. 3.1. Effects of year, hatching date, treatment and gender of chick on different growth
parameters. (ANOVA, significant P-values are marked bold).

Source d.f. F P

tarsus growth rate
year 1 3.374 0.071
hatching date 1 2.698 0.106
treatment 1 1.456 0.232
sex 1 0.885 0.350
total 70

tarsus length asymptote
year 1 3.809 0.055
hatching date 1 25.332 <0.001
treatment 1 0.332 0.572
sex 1 1.079 0.303
total 70

wing growth rate
year 1 26.978 <0.001
hatching date 1 45.547 <0.001
treatment 1 0.081 0.777
sex 1 0.344 0.559
total 98

wing length asymptote
year 1 7.395 0.008
hatching date 1 2.378 0.126
treatment 1 0.314 0.576
sex 1 1.605 0.208
total 98

eighth primary growth rate
year 1 56.367 <0.001
hatching date 1 75.434 <0.001
treatment 1 0.808 0.371
sex 1 0.103 0.749
total 97

eighth primary length asymptote
year 1 0.193 0.661
hatching date 1 0.491 0.485
treatment 1 0.002 0.967
sex 1 1.173 0.282
total 97
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p <0.001) with later hatched chicks growing fasded reaching the peak mass at an
earlier age. There was no detectable differen@ingrowth parameter between the sexes
or treatment and control group.

The ANOVA of effects on different body growth parat@rs gave conforming results
(Tab. 3.1.). In 2006 hatched chicks showed slowewth of wing and eighth primary, but
their wings became larger (wing length asymptot@005: 14.62 + 3.17 cm, respectively
15.32 £ 0.63 cm in 2006). Differences in tarsusaghobetween the two seasons were not
significant but showed a similar tendency just asgwand eighth primary growth. Growth
rates of wing and primary were further subjectribuience of chick’s hatching date. Later
hatched chicks reached a higher maximum growth t@tebtain comparable ultimate
values. Only the asymptote of tarsus length ditfdoetween early and late nestlings by
being larger in later hatched chicks (Pearson Curoe Index of 0.046, p <0.001).
According to the body mass development, the expmarial treatment and the chick’s sex
had no effect on body growth parameters.

3.1.2. Nestling body condition

The body condition of all nestlings older than fdarys ranged between -0.65 and 1.97.
This value strongly differed between individual ats (ANOVA for nest: b7 =7.96,
p <0.001) and was significantly influenced by tleeding history (number of feds in
previous night: iz =33.70, p < 0.001). Recently fed nestlings exhibia higher level of
nutritional state. The chicks age;{E 0.006, p = 0.939) or gender{F 0.329, p = 0.568)
had no influence on its body condition.
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Fig. 3.2. Differences between the two seasons in nestling body condition (A) and amount of food
received per night from parents (B).
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The mean body condition of the season was 2006 @i#36 + 0.005 (n = 2523)
significantly higher than in 2005 (0.107 £0.007=&909; Mann-Whitney U Test,
p <0.001; Fig. 3.2.A). Since body condition is etatined from individual body mass
related to the age class mean, these findingscteflethe food amount provided by the
parents per night (Fig. 3.2.B). In 2005 chicks ree@ 8.11 £ 0.11 g of food during a night
while parents provided their nestlings in the selcgeason 9.60 £ 0.12 g per night, on
average. This difference was highly significant (MaNhitney U Test, p < 0.001) and is
mainly caused by a higher feeding frequency in 20084 + 0.01 feeding visits per night
compared to 1.12 £ 0.01 in 2005, t=-5.010, pGOQ, df = 4194), whereas the slightly
larger amount of food provided per feeding evenDO& 7.33+0.74¢g; 2006:
7.45 £ 0.57 g) was only marginal (Mann-Whitney Wstg = 0.052). Thus in 2006 adults
came more often to the nest to feed their chick, dauried a similar amount of food
compared to the poorer season of 2005.

3.1.3. Breeding success

The overall breeding success differed consideralbdgween the two seasons
investigated in this study (z —test: z=9.923; @001; Tab. 3.2.). In 2005 the chick
survival was very low due to severe snow stormsinduthe chick rearing period.
Comparable adverse weather conditions occurre@06 Zss often and due to the fact that
chicks were in a good nutritional state most oftlsrvived these hunger periods.

The proportion of fledged chicks among experimemtests was slightly enhanced
compared to all nests (2005: 27.8 % versus 13.2006: 100 % versus 84.8 %). This
possibly indicates a positive effect of the additib food supply. However, these
differences were not significant (z —test, 2005 2205, p =0.228; 2006: z = 0.991,
p = 0.322).

Tab. 3.2. Breeding success and mean date of hatching in the two observed seasons.

Season 2005 2006
No. of nests with egg 211 165
No. of eggs hatched 111 (52.61 %) 107 (64.85 %)
Mean date of hatching 6" February 12" February
No. of chicks fledged 17 79
Fledging success of chicks 15.32 % 73.83 %
Fledging success of eggs 8.07 % 47.88 %

23



Results

3.2. Chick begging behaviour
3.2.1. Classic call parameter

In response to the arrival of an adult, Wilson@rist-petrel chicks started to utter some
series of rhythmic calls, followed by long beggicalls used exclusively during feeding.
Begging sessions took 7.93 + 0.49 min to complea@ge 2 — 20 min). The number of
long calls per session averaged 196.8 + 15.91 ¢drig— 613 calls). The mean call rate
was 23.31 + 1.33 calls per min (range 2.93 — 5@&& / min), while the maximum call
rate sustained for one minute averaged 39.96 +dali8 per min (range 7 — 63 calls / min).

In first begging session per chick-night all classall parameters were significant
correlated to each other except the combinationsedsion duration and call rate
(Tab. 3.3.).

Tab. 3.3. Pairwise correlations between the four classic call parameters. Only first feedings were
included. (Pearson Correlation, significant P — values are marked bold).

Call rate Maximum call Duration begging
rate session
Number of long calls
Correlation Coefficient 0.690 0.701 0.720
P < 0.001 <0.001 < 0.001
N 77 77 77
Call rate
Correlation Coefficient 0.808 0.179
P <0.001 0.119
N 77 77
Maximum call rate
Correlation Coefficient 0.389
P <0.001
N 77

3.2.2. Sonagraphic call features

A typical long begging call lasted 29.61 + 0.75 mag\ging from 16.90 to 51.60 ms, and
had a mean frequency (FMean) between 2479 and l859inean 4008 + 98.3 Hz). The
maximum frequency (FMax) of 4997 £ 103.6 Hz on ager ranged from 3246 to
7720 Hz and was reached 13.17 + 0.44 ms (LFMax#dbgge 4.85 to 26.90 ms) after the
beginning of the element, or relative to its dumati(LocFMax) at 0.446 + 0.009,
respectively, ranging from 0.240 to 0.651. SIStMakiich represented the slope of the
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frequency from beginning of the element to its maxin, varied from 42.7 to
1308 Hz / ms and averaged at 258.8 + 24.9 Hz Tims frequency descent from maximum
to the element’'s end (SIMaxEnd) was less steepth wi94.0 £ 20.8 Hz / ms, ranging
from -1506 to -23.1 Hz / ms. The maximum amplitwekes reached 13.97 + 0.45 ms after
the element’s start (LMA_ADs, range 5.47 to 30.23,mespectively at 0.48 + 0.01 relative
to the element’s duration (LMaxAmp), ranging fromd®to 0.86. The frequency with the
largest amplitude (PeakFTot) varied between 2080 &20 Hz (mean 4232 + 114 Hz).
The mean breadth of elements (BroadTot) covered 380.0 Hz, ranging from 748 to
3629 Hz.

3.2.3. Principal Component Analysis

The Principal Component Analysis extracted foutdecwith Eigenvalues in excess of
one, together explaining 84.7 % of the total varearfTab. 3.4.). The first factor was
mainly correlated with the frequency parameters &hMé&Max and PeakFTot. The second
as well as the third factor described the acowsticcture of elements regarding the course
of frequency (SIMaxEnd, SIStMax, BroadTot, Durajiorespectively the location of the
peak frequency (LFMaxAbs, LocFMax). The two parameiof peak amplitude location
(LMA_Abs, LMaxAmp) were combined with the elemendfgration in factor four.

Tab. 3.4. Eigenvalues, explained variance and rotated component matrix of factors extracted by a
PCA of sonagraphic call features of long begging calls. Used rotation method was
varimax with Kaiser normalization. Absolute coefficients in excess of 0.5 are marked

bold.
PCA factor
2

Initial Eigenvalues 4.2 2.3 1.7 1.2
Variance explained by

tactor in % 37.90 20.50 15.27 11.00
FMean 0.982 0.119 -0.026 0.062
PeakFTot 0.972 0.114 0.039 0.104
FMax 0.901 0.311 -0.080 0.113
SIMaxEnd -0.166 -0.792 -0.213 0.182
BroadTot 0.169 0.782 0.013 0.121
SIStMax 0.110 0.718 -0.337 0.035
Duration -0.322 -0.519 0.411 0.514
LFMaxAbs -0.170 -0.289 0.879 0.266
LocFMax 0.125 0.198 0.875 -0.203
LMA_Abs 0.126 -0.106 0.073 0.969
LMaxAmp 0.392 0.363 -0.229 0.686
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3.3. Between year variability in call parameters

The season did not have a recognizable effect groathe four parameters based on
call counts (t-test for number of long callg,t= 0.874, p = 0.384; call ratepi=-0.107,

p = 0.915; maximum call ratejo§=0.072, p = 0.943; duration of the begging sessio
t102=0.721, p = 0.472).

In contrast all acoustic call features, except IMak and LMA_Abs, significantly
differed between the two seasons. Frequency paeasndecreased from 2005 to 2006
(FMax: t%4=11.59, p<0.001; FMeangt 1.575, p <0.001; PeakFToty £ 10.60,

p <0.001; BroadTot:of =5.155, p <0.001), while LFMaxAbs increaseg, £-3.309,

p = 0.001) indicating that the location of pealgfrency was shifted towards the end of the
element in the second season. The mean call daratas higher in 2006 = -6.652,

p <0.001) and the calls flattened since SIStMagrefesed = 4.280, p <0.001) and
SIMaxEnd increased = -4.973, p < 0.001), i.e. was less negative. pbak amplitude
was reached sooner in 2006 (LMaxAmyp:2 3.650, p < 0.001).

Consistent results were obtained for the corresppgn®CA factors. Factor 1 had a
significantly lower mean value in 20064t 10.27, p < 0.001) and factor 2 increased in
the same time {1 =4.693, p <0.001). The remaining factors 3 andidl not change
between the years.

3.4. Between sexes and individual differences
3.4.1. Gender specific and individual differences in clagsll parameters

For the number of long calls uttered during a fegdsession (ANOVA, 3= 1.951,
p = 0.167), the overall call rate A= 0.667, p = 0.417) and the duration of the beggin
session (3 =0.303, p = 0.584) were no differences found lketwthe sexes. Only the
maximum call rate differed significantly {/= 5.40, p = 0.023), with males calling at a
higher rate than female nestlings.

The between-chick variability was very high for d&tur classic call parameters
(ANOVA for call number: k7 = 3.87, p < 0.001; call ratey#= 5.54, p < 0.001; maximum
call rate: K7 = 6.05, p < 0.001; duration of begging sessigh=2.72, p = 0.001).
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3.4.2. Gender specific and individual differences in saapgic call features

Two out of the eleven acoustic call features depdrah the chick’s sex. Males reached
the maximum amplitude of a call element signifibamarlier than females (ANOVA for
LMaxAmp: FRse=7.03, p=0.010; LMA_Abs: &=13.13, p=0.001). All other
sonagraphic parameters showed no between sexioariat

Chicks of both sexes differed significantly in &kquency parameters (ANOVA for
FMax: R7=21.41, p<0.001; FMean:,#= 18.85, p <0.001; PeakFTot;,;E 14.70,

p < 0.001; BroadTot: £ =4.22, p <0.001). The duration of an elemerg, gtope to the
frequency maximum and from maximum to the end sluogignificant variation between
chicks, too (ANOVA for duration: £ = 6.50, p <0.001; SIStMax:»f= 1.76, p = 0.03;
SIMaxEnd: By =7.61, p <0.001). Individual differences wersoafound in the location
parameters, e.g. in relative and absolute locadfaihe maximum amplitude (LMaxAmp:
F,7=4.05, p <0.001; LMA_Abs: = 3.27, p <0.001) and in the absolute locatiothef
peak frequency (LFMaxAbs: ,f=2.55, p=0.001). Only the relative location of
maximum frequency did not differ between the chigkscFMax: k7= 1.31, p = 0.18).

3.4.3. Gender specificity and individuality in PCA factors

According to the relationships found for the sog@dpic call features and chick sex, the
PCA factor related to the position of the maximumpétude was the only one which
showed sex specificity (ANOVA for factor 4:4= 10.66, p = 0.002). Female nestlings
had significantly higher values of factor 4 thanlesa

Except the factor related to the location of maximirequency, the other three PCA
factors showed significant between-chick variapifANOVA for factor 1: k7= 14.38,

p <0.001; factor 2: £=4.32, p<0.001; factor 3:,/=1.38, p=0.15; factor 4:
F,7=2.80, p < 0.001).

3.5. Influence of body condition
3.5.1. Body condition and the classic call parameters

The number of long begging calls and the duratibnthe begging session was
significantly influenced by the chick’s body condit. Nestlings in inferior state uttered
more calls (ANOVA, 7= 10.059, p = 0.002, Fig. 3.3.A) and extendeddination of the
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begging session (= 4.993,
p = 0.028, Fig. 3.3.D). An increase
in overall and maximum call rate
with lower body condition was not
statistically significant (call rate:
Frs=1.072, p=0.304; maximum
call rate: Fg=0.744, p = 0.391).

By

separately, slight differences arose.

testing each  season
In 2005 none of the relationships
between chick’'s body condition

and classic call parameters were
significant (number of long calls:

Fa3=2.220, p=0.144; call rate:

Fs3=0.147, p=0.703; maximum

call rate: E3=0.512, p=0.478;

duration: 3= 1.016, p = 0.319).

On the other side in 2006 the
amount of begging
(Fs4=14.898, p<0.001),
duration of begging
(Fs4=6.252, p = 0.018)
moreover, the maximum call rate
(Fs5=5.469, p =0.026)
directly influenced by the chick’s
the
overall call rate the body condition
(k= 2.237,

calls
the
session

and

were

nutritional state. Only on

had no effect

p = 0.144).

Fig. 3.3. Relationship of the four
classic call parameters and
chick’s body condition: number
of begging calls (A), overall call
rate (B), maximum call rate (C)
and duration of the begging
session (D). Regression curves
are given where the correlation
revealed significance (A, D).
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3.5.2. Body condition and sonagraphic call features

Among the eleven parameters of the acoustic striaifibegging elements, four were
verifiably influenced by chick’s body condition. Bléngs in a bad shape intensified their
begging behaviour by increasing the frequency (AMOYor FMax: Fsg= 10.760,

p =0.002; FMean: fg=11.192, p=0.001, PeakFTotgE 12.033, p =0.001) and
therefore steepened the slope from frequency mawinto the end (SIMaxEnd:
Feo = 7.819, p = 0.007). All other sonagraphic cakltéees did not change with chick’s
body condition, although the breadth of elementsv&d a tendency to broaden with lower
body condition (BroadTot:dg = 3.289, p = 0.070).

Like the classic call properties the sonagraphicfeatures were differently influenced
by body condition in the two seasons. The locatmi peak amplitude and the
corresponding frequency were in 2005 affected &t ¥y, that the maximum volume was
reached later in the course of the element (LMaxARp= 6.163, p = 0.018; LMA_ADbs:
F34=4.780, p = 0.036), while the loudest frequemmyeéased with lowered body condition
(PeakFTot: B =5.871, p =0.021). In 2006 chicks in poor bodwdition elongated the
call duration (ks =4.888, p = 0.034), reduced the frequency ofviidial calls (FMax:
F35=7.018, p=0.012; FMean: 4= 12.604, p=0.001; PeakFTot: ;s 18.477,

p <0.001) and shifted the amplitude peak more e beginning of the element
(LMaxAmp: Fs=10.715, p = 0.002).

3.5.3. Body condition and PCA factors

From the PCA extracted factors the one stronglateel to frequency showed an
influence of body condition (ANOVA for factor 1 (tho years): k= 9.400, p = 0.003;
factor 1 (only 2006): 5= 15.76, p <0.001). There was no relationshipntbdior the
factors 2 to 4 and body condition for the wholeadat. But factor 4 showed a tendency to
increase with decreasing body condition in 2006t(fia4: k34 = 4.228, p = 0.048).

3.6. Differences between first and second feeding events

3.6.1. Differences in call features between first and secfeeding event

Overall, during the second feeding event in onétnilge chicks begged more intensely.
The amount of long calls uttered per session, #tlerate and the maximum call rate were
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enhanced during the second feeding, but only tfferdnce in call rate was significant
(Paired sample t-testot=-2.070, p = 0.047).

From the sonagraphic call features solely the ixedbcation of the peak frequency
differed significantly from 0.463 + 0.019 in thedi to 0.408 £ 0.016 in the second feeding
event (k3= 2.728, p = 0.012), i.e. it has been shifted rolwahe beginning of the call. All
other acoustic call parameters did not change fiehto second feeding session.

The third of the PCA factors showed a significaatréase in begging between first and
second feeding event, indicating an alteration he tocation of the peak frequency
(t23 = 2.318, p = 0.030) which confirms the findingglué sonagraphic feature analysis.

3.6.2. Differences in provisioning parameters betweert fired second feeding event

There were no recognizable changes in meal sizee(Paample t-test,4=-0.410,
p = 0.685) or number of food transferg & 0.270, p = 0.789), nor in the duration of the
feeding event ¢=1.018, p =0.317) although the first feedingsges seemed to last
longer than the second (7.46 min versus 6.54 min).

3.7. Influence of supplementation on chick body conditamd call features

Variations in chick body condition between contesid treatment period were not
caused by the supplementation (Repeated Measure BQVA, Fg= 0.326, p = 0.589).

Several effects were detected after the experirhgntavision with cod liver oil.
Supplementary fed chicks had the tendency to retheesall rate and to prolongate the
duration of begging session, although these firglingere significant only within one
season, respectively (Fig. 3.4., Appendix A). Tiherease of the number of long begging
calls during the treatment period was significant2D06. No change was found in the
maximum call rate sustained for one minute.

The experiment showed a very distinct influence tbe sonagraphic call features
(Fig. 3.4., Appendix A). In the combined dataset fowth seasons chicks significantly
reduced the frequency parameters FMax, FMean amdF¥et during the treatment
period. These effects were mainly derived from gesnin the acoustic call parameters in
2005, while in 2006 none of those were significantbrrelated with the treatment
procedure. Beyond the impact on the frequencylethgth of a single begging call, as well
as the absolute time span until the peak amplituae reached, shortened and SIMaxEnd
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decreased, i.e. the slope from peak frequencydcetid became more precipitous in the

first season after chicks received supplemental.foo

Only

2005 which contributed to a similar result regagdihe combined dataset of both seasons
(Fig. 3.4., Appendix A). The analysis of the othe€A factors revealed no further
correlation, although factor 2 had a marginal temgeto decrease from control to
experimental treatment. Since there was no inflagnem supplemental feeding on the
acoustic call parameters, it was not surprisinfined no change in any of the PCA factors

in 2006.
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3.8. Parent — offspring interactions
3.8.1. Body condition and provisioning

The chick’s body condition profoundly influencecktimeal size provided by the parents
(ANOVA F75=14.85, p <0.001) and likewise the number ofdfa@ansfers during one
feeding event (J; = 4.262, p = 0.042). Chicks in inferior body cdmah received more
food than well nourished nestlings by means of nfoos transfers during one feeding
session. To provide more food needed more timeéhsmverall duration of feeding also
increased with lower nestling state{E 6.272, p = 0.014).

3.8.2. Influence of call parameters on provisioning

No effect on the meal size was found for any ofdlassic call parameters (Tab. 3.5.),
but the differences between the particular nestse wearginally significant. Though
individual differences also influenced the numbkfood transfers from adult to chick, an
effect of the number of long calls uttered and dkerall call rate on the quantity of food
transfers was obvious as well. An intensificatidrbegging, i.e. more numerous begging
Tab. 3.5. GLM of the influence of the classic begging call parameter on different provisioning

variables. Only data of the control period were included, nest acted as fixed factor.
Statistical significant P — values are marked bold.

Source d.f. F P

Meal size
Number of long calls 1 0.097 0.758
Call rate 1 1.518 0.229
Maximum call rate 1 2.664 0.114
Duration of begging session 1 0.509 0.482
Nest 24 1.920 0.051
Total 56

Food transfers
Number of long calls 1 7.829 0.009
Call rate 1 6.609 0.016
Maximum call rate 1 1.925 0.177
Duration of begging session 1 0.004 0.950
Nest 24 3.534 0.001
Total 56

Duration of feeding session
Number of long calls 1 7.689 0.010
Call rate 1 8.500 0.007
Maximum call rate 1 4.552 0.042
Duration of begging session 1 0.099 0.756
Nest 24 1.508 0.151
Total 56
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calls and an increase in the call rate led to amantation of food transfers and extended
the feeding session. An enhanced maximum callaiate contributed to an increase in the
time span of the feeding event.

The separate analysis of each season was less ltiagnpe 2005 the call rate was the
only parameter which affected the duration of theding session ¢F= 6.722, p = 0.027),
while individual differences caused changes inrthmber of food transfers {f= 3.059,

p = 0.041). The number of long calls and the cale rinfluenced the quantity of food
transfers in 2006 (call numbery//= 5.314, p = 0.038; call ratex+= 6.442, p = 0.025).
Like in the combined dataset, these call featuresevin all cases positively correlated to
the provisioning variables.

Among the acoustic call features the impact omtkal size was more pronounced. The
length of a single begging call {f/= 6.874, p =0.018) and the absolute location of
maximum frequency (LFMaxAbs:sk=5.572, p = 0.030) had a significant influence on
the meal size. Its relative counterpart LocFMax, §4.378, p = 0.052) and the peak
frequency (ks = 3.381, p = 0.083) showed at least a similar éangl. Nestlings received
larger meals by elongating individual begging gadlsortening the time period until peak
frequency was reached during a call element anohdrgasing the maximum frequency.
More numerous food transferss{E 4.735, p = 0.046) and a prolonged feeding sessio
(Fso=5.491, p=0.034) were observed when BroadTatredsed. Furthermore, the
duration of feeding session was influenced by teevben-chick-variability (fz = 4.069,

p = 0.004).

The distinct GLM of the 2005 season revealed sicgmit relations between slope
parameters and the duration of the feeding eveittNBx: F5=17.02, p =0.026;
SIMaxEnd: ks =11.91, p = 0.045). Steepened slopes, either fseginning to the peak
frequency or from peak to the end of the call, itesuin a longer feeding session. Again,
this time span was also influenced by the individuariability (Nest: ;= 14.51,

p =0.024). In 2006 no effects on provisioning waand for any of the sonagraphic
parameters.

An increase in PCA factor 2 led to an extensiorpravisioning time (kp= 6.100,

p = 0.022). The high between-chick-variability i@ factors contributed to differences in
duration of feeding (lz=4.900, p <0.001) and number of food transfétg £ 3.129,

p = 0.005), but not to meal sizes,{E 1.380, p=0.217). The GLM for each season
separately revealed that factor 2 had a margifi@ttedn the duration of feeding session in
2006 (Rs5=4.202, p =0.062). However, significant was otig influence of nest on
duration of feeding session both in 2009, 4.170, p = 0.044) and 20064F 4.202,
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p =0.014) and on the number of foc
transfers in 2005 @& = 4.305, p = 0.030).
Variations in PCA factors 1, 3 and 4 di
not result in any detectable alteration

provisioning.

3.8.3. Influence of supplemental feedit
on provisioning

During the treatment period nestling

experienced significant enhance
provisioning by their parents (Fig. 3.5.
Meal sizes increased in first feeding ever
about one third from 6.32+0.449g t
8.27+0499g (lsx=7.349, p=0.009).
Food transfers and duration of feedir
after supplementation exceeded the cont
period with 37.66 £ 2.81 to
27.74 £ 2.27 transfers t= 5.787,
p = 0.020), respectively 9.50 £ 1.11 min 1
6.12 + 0.40 min (fz=8.265, p = 0.006).
There was no effect of nest on the amot
of food provided. The feeding frequencv
was slightly reduced during the treatme
period (1.32 £+ 0.08 feeding visits per nigl
compared to 1.45 £ 0.08 during the contr
period), though this difference was ni
significant (Fe = 1.501, p = 0.227).

No significant changes were found i

Fig. 3.5. Changes of provisioning between
control (light grey) and treatment
period (dark-grey). The seasons
are diagrammed sole and as
combination of both years
(2005/6). Only first feedings per
chick-night were included.
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second feeding events, although the quantity aisfeas and the duration of feeding
increased slightly after supplementation.

3.9. Sex specificity in provisioning rules

Female nestlings received slightly bigger meals tiveales both in one feeding event
(7.03£0.67 g versus 6.14 +0.69 g) and over thele night (11.84 +£1.19 g versus
9.67 £1.459g). Furthermore, they needed Ilonger fimsh the feeding session
(6.38 £ 0.47 min versus 6.05 = 0.76 min), althouglbssessing less food transfers
(27.33£1.92 versus 31.20 +4.56). Neverthelesspen of these differences were
statistically significant (ANOVA for meal size p&eding event: jp=1.620, p = 0.211;
meal size per chick-night:,F= 0.297, p = 0.589; food transfersjoE 1.231, p = 0.274;
duration feeding sessionid= 0.231, p = 0.634).

When visits by males and females were treated atggr from males less food
(6.06 £ 0.66 g versus 6.96 + 0.69 g) was providedthe nestling during fewer food
transfers (25.00 £ 2.48 versus 29.47 + 3.74). Gmdyduration of the feeding session was
longer within males than within females (5.94 £8mMin versus 5.73 + 0.59 min). But the
ANOVA revealed for these findings also no significas (meal size: 45= 0.946,

p = 0.337; food transfersyf= 1.063, p = 0.309; duration;f= 0.474, p = 0.495).

The restricted sample size was inappropriate tolcha differences in the response of

male and female parents to supplementation of difspring.
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4. Discussion

4.1. Chick development

Growth patterns, feeding frequencies and sizes eélsndelivered to chicks were
comparable to those recorded in previous yeardMisson’'s storm-petrelsQuillfeldt &
Peter 2000Quillfeldt 200, BuRRer et al2004 Gladbach 200§ indicating that collection
of data had no harmful effects. Nevertheless, #i@ seasons investigated here display
apparent variations in chick development, paremakestment and overall breeding
success. Furthermore, growing up in an experiméihtanest did not affect growth of the
chicks either. Increased handling due to the rengrgrocedure occurred only in a short
time span of the nestling period. Thus it was nqieeted to influence development,
neither positive by means of higher food supplytigh supplementatiorBflton 1995a
Schmoll 2000, nor negative because chicks get accustomedytdarehandling Quillfeldt
& Mostl 2003.

The main factors threatening Wilson’s storm-petsgecifiedQuillfeldt (2001) to be
low krill abundance and adverse weather conditiem®w storms in particular, causing
high egg and chick mortalities. In 2006 feedingyjfrencies were higher and fewer chicks
died from starvation, which provides indirect evide that the pressure of food availability
as a limiting factor was less severe in the seg@asdon than in the first. High wind speed
in the second half of February and low temperatatethe beginning of March 2005
(compare Fig. 2.3.) might have been further impaitrto the birds, aBolton (1995H
mentioned for wind speeds exceeding 38 km/h a estldoraging efficiency of Storm-
petrels Hydrobates pelagic)san in size and foraging habits similar seadbifferences
in chick body development seem to reflect thatdbieditions posed a greater challenge to
the storm-petrels in 2005 than in 2006. Growth gaié body mass, wing and primary
feather in 2005 exceeded those in 2006, but gretaped at lower (body mass and wing)
or similar (tarsus and eighth primary) peak valuBsis is uncommon in two different
respects.

First, nestlings of the Thin-billed priorP&chyptila belche)i growing up under low
food availability rather decelerated their growtht beached normal tail and wing lengths
due to an elongated fledging periagulifeldt et al. 2007a Although fledging occurred
after termination of the field season and theretbesexact date is unknown, a lengthening
of the fledging period is unlikely because the dieg season of Wilson’s storm-petrels in
these high latitudes is restricted by the short memand incipient adverse weather
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conditions at the end of Marc®pst & Nagy 1993Quillfeldt & Peter 2000Buf3er 2003
Hodum & Weathers 2003It rather seems as though low quality chicksfareed to leave
the nest as soon as possible to start foragindhé@wydselves in areas of potentially higher
food availability, even under the constraints oingein a lower developmental state with
less resources and consequently reduced changessifiedging survival Gaston 1997
Quillfeldt & Peter 200R Remaining in the nest under these circumstawoesd represent
certain death to the chick, whereas departure cbaldewarded by survivalOfyan &
Anker-Nilssen 1996

Second, growing chicks facing shortage of food maferentially allocate resources to
characters of greatest importance for survival. sEhaere marked to be skull, wing and
body mass (amount of subcutaneous fat, but nanialtéat deposits) since these characters
were least affected by variation in nutritiddudson 19790yan & Anker-Nilssen 1996
Gjerdrum 2003 This does not coincide with the data of enhaneedy growth in 2005,
unless the results are interpreted as followingie@Girelatively good conditions at the
beginning of the chick rearing period, nestlinggvwgrat a normal rate. With ongoing
season, reduction of food availability would affgobwth negatively. A change in resource
allocation occurs to maintain wing growth at norrmakven higher rates to ensure at least
sufficient wing development in case conditions detate further and nestlings need to
leave the nest earlier than expected to avoid dmtoent by snow. This would explain the
higher growth rates of wing and eighth primary dhne lower wing length asymptote in
2005 compared to the more favourable season (2E¥&)des breeding success, chick
growth rates, body condition and feeding ratesp al$ferences in the sonagraphic call
features implicate that the breeding season 2036 beger in terms of food availability
and weather conditions.

The influence of the hatching date on growth pattes concordant to those reported by
Wasilewski (1986 andQuillfeldt & Peter(2000. Later hatched chicks had a more rapid
development in early life but ended up at lowerkpeasses and wing length asymptotes,
an adaptation to the restricted breeding season.

No differences in development were detected reggrtlie chick’s sex which is in line
with neither male nor female nestlings should hhigher energetic requirements since
adult Wilson’s storm-petrels do not differ, respeslly only slightly, in body sizeRul3er
2003 Gladbach 2006
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4.2. Honest signalling of need

Theory of honest signalling predicts that acousticl behavioural components of
begging function as reliable indicators of nestbrgfate (e.gGodfray 1995blacovides &
Evans 1998 Sacchi et al. 2002 But theoretical approaches are difficult to eadt
without more detailed information on the structarel function of the various elements of
begging displays, especially on which componenstlings encode information of need.

An increased number of begging calls or a high#érrate was found to correlate with
nestling’s hunger level in several song birds, &merican robinsTurdus migratorius
(Smith & Montgomerie 199)1 Yellow-headed blackbird€anthocephaluganthocephalus
(Price & Ydenberg 1995 Tree swallowsTachicineta bicolor(Leonard & Horn 2001}
Barn swallowsHirundo rustica(Sacchi et al. 20Q2and also in some Procellariiformes like
Manx shearwaterPuffinus puffinus(Quillfeldt et al. 2004 and Cory's shearwater
Calonectris diomededQuillfeldt & Masello 2004 Trager et al. 2006 Likewise, for
Wilson’s storm-petrelQuillfeldt (20023 identified the number of long calls and the call
rate of a begging session, but not its durationindgcators of chick’s body condition.
Sacchi et al(2002 mentioned that not only the frequency of perfanoea of begging
display, but also the call structure potentiallye&s nestlings’ need of food. In fact,
needier nestlings uttered calls at higher frequefi®onard & Horn 200l%aGladbach
2005 or amplitude Price & Ydenberg 1995 These findings correspond quite well with
the results of the present study. Lower nutritiosi@te was found to be expressed by
increasing numbers of begging calls uttered at lghnd frequency during elongated
begging sessions. Furthermore, high energy fregeemé begging calls (PeakFTot) were
lower in heavy nestlings compared to light oness Thsupported on the basis of physical
constraints linking tone pitch to body size in kirfMorton 1977 Ryan & Brenowitz
1985.

It could have been shown that classic call comptsnghe number of long calls in
particular, encode the body condition of chickst Bus information is not transmitted
until the begging session comes to an dalddbach(2005 mentioned that chicks utter
calls during a feeding event as long as they angity) but stop calling as soon as they are
satiated. The feeding adult should therefore firpstwvisioning by the time its offspring
fells silent. My observations reveal a differenttpre. When the parent remains inside the
nest burrow nestlings usually continued their ngllieven though feeding already finished.
Chicks should know that parents, once stopped gianving, do not respond to solicitation
behaviour anymore in one night. Why then do chidkseriorate their resources and
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continue calling? The sense of this vague behavioght be rooted in providing an easily
obtainable signal of need parents use to adjust pin@visioning not in the current but in
the next feeding event.

Regarding begging intensity and chick’s state, Itesm the two seasons were not
equally compelling. In 2005 few of the call paraerstcould be linked to the body
condition, although they already achieved an adedrevel of intensity. In this season of
low food availability, begging probably reachedimil where it cannot be intensified
further due to physical constraints even thouglspihg’'s needs escalat&gcchi et al.
2002. For example the call rate might be restrictedng chicks time to swallow food in
between Quillfeldt & Masello 2004. From this view the conclusion is drawn that &kic
of high and medium body condition communicate tmsed with a gradual increase of
begging intensity while low state nestlings convlegir high food requirements without
any nuances (Fig. 4.1.). This is plausible suppgrthat average and well-fed nestlings
provide a graded signal so that parents might loaldheir decision about investment of
limited resources accordingly. The calls of underighed chicks, on the other hand,
resemble an alarm signal of imminent starvationr@h® detailed information is needed.
When body state declines further and undergoestairc¢hreshold, chicks are too weak to
maintain the costs of begging anymore. Thus thensity falls abruptly. Consequently,

only in good seasons, respectively among non-stgmestlings, the variation in begging
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Fig. 4.1. Proposed progression of the intensity of a begging feature, costly classic call
parameters in particular (e.g. number of long calls during a begging session), depending
on chick’s body condition. A linear incidence provides the base for a graded signal of
nestlings in average and good condition (light grey area). Poor nestlings beg at the
upper intensity limit, without differentiation (medium grey area). The dark grey area
marks the ranae where chicks are to weak to maintain the hiah beaaina intensity.
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might be large enough to be detectab@ui(lfeldt & Masello 2004. However, the
prediction (1) of different begging components changing with kkidody condition and

thus serve as a reliable signal of need, has bedied therewith.

The aim of a signal is to transmit information, athia recipient perceives and acts
upon. Therefore the ability to distinguish detaiticks communicate about their state was
expected to coevolve accordingly (eGuilford & Dawkins 1991 Rowe 1999. Evolution
should favour those parents which optimize resoattmeation with respect to their own
fitness and that of their offspringdérper 1986Hussell 1988 Regarding this assumption,
a great deal of attention has been directed toirsisafe.g.Harris 1983 Johnsen et al.
1994 Wernham & Bryantl998. For Grey-headed albatross@&s#lassarche chryostora
Phillips & Croxall (2003 provided experimental evidence that parentaldiog efficiency
and offspring demand are equally important forrégulation of provisioning. With some
exceptionsRicklefs 19871992, albatrosses and petrels that feed their offgpewery 1-3
days seem able to respond to variability in chidadition Bolton 19953 1995h
Takahashi et al. 19998Veimerskirch & Lys 2000Weimerskirch et al. 2003while adult
shearwaters cannot or do not respond to their wifigis immediate nutritional need
(Hamer & Hill 1993 1994 Hamer 19941

In the present study of Wilson'’s storm-petrels apagters of provisioning were found to
be adjusted in accordance to chick’s body conditidhis is in line with former
investigations Quillfeldt 2002a Gladbach 2006 Unfortunately, individual call
parameters indicating body condition correlatedsamtakly with provisioning rates. Vice
versa, call parameters significantly changing witbal size, number of food transfers or
the duration of the feeding session, showed onlggmal correlation or no connection at
all to chick’s body condition. There are two pof#ibs how parents might extract the
information given during begging. Firstly, the sigis redundant, i.e. parents may rely on
information obtained from two or more differentlcadmponents to gain a better estimate
of a single aspect of chick’s condition, e.g. itso-term needsrédundant signal
hypothesisMgller & Pomiankowski 1993Johnstone 1996 Those components might be
the number and rate of long calls, their durationd drequency breadth. These call
characters changed most with provisioning. In t@se the weak correlation from body
condition with these call features is effectual doghe recurrence of the information in
every of the four call components.

The second and more likely possibility implies ttie¢ begging display carries multiple
messages providing information about different atpef chick condition or quality
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(multiple signal hypothesisohnstone 19951996; Christe et al. 1996; Leonard & Horn
20013. Call parameters indicating body condition do imatvitably need to correlate with
supply rates since adults should consider sevem@ais of chick’s state (e.g. nutritional
condition, age, immunocompetence, parasite infesfaand thus different call parameters
for decision making. The number of long calls, theation of a begging session and the
pitch of call elements seem to contribute to thidtiple solicitation signal. Certainly, there
are more features of the begging display involubdn the ones selected for this study.
Signals with multiple components, especially thasedifferent sensory modalities,
improve detection and discrimination by receivdteWe 1999 Rowe & Skelhorn 2004
Thereby the information is not only encoded in thdividual begging component but
certain combinations may interact in different ways a study of the reed warbler
(Acrocephalus scirpacey&ilner et al. (1999 demonstrated that parents integrated visual
and vocal signals from their young to adjust priovisig rates since the two signals
conveyed more accurate information than either didne. Visual signals like the
presentation of brightly coloured gapésegéb et al. 2003are inappropriate for Wilson’s
storm-petrels due to the lack of illumination irethest burrows, particular at night when
feeding occurs. Therefore parents might not be #&blperceive any visual cue. One
possible non-vocal stimulus may be the tactile bpakking nestlings perform during
solicitation behaviour (e.dviller & Conover 1983. Further research is needed to evaluate
the contribution to the information transmissiotvieen parents and their offspring of this
and other behavioural components.

Although the complex interplay of solicitation belaur and parental response is not
yet decoded in all its particulars, it was dematstt that parents are able to perceive the
information provided by their chicks and that théwase their feeding decisions
accordingly. Therefore theecond predictionis alsoverified.

4.3. Does supplementation affect chick’s honesty?

Providing additional food was expected to improveck's nutritional state. Hence
intensity of begging parameters indicating bodydittan and subsequently provisioning
rates should have been reduced as reported froen stipplementary feeding experiments
in seabirds (e.gBolton 1995aHarding et al. 2002Quiillfeldt & Masello 2004 Hamer et
al. 2006. By contrast, in this study adults attending kkicluring the treatment period
exhibited a significant increase in their averagghtty food delivery by about one-third.

42



Discussion

During this time span experimental chicks thus ikexk extra food from two sources
(artificial and parental). Although unexpected, sinaesults further support the second
prediction, because parents just responded to gifith begging of their supplemented
chicks.

For adjusting provisioning rates parents have thressibilities. Either they alter the
frequency of returns to the colony with fooddok & Hamer 1997Hamer et al. 1998
Gjerdrum 2004 maintain the feeding frequency but change thalrmsze provided per
visit (Weimerskirch et al. 20QHamer et al. 2006or modify the composition of the prey
delivered Grieco 200). Surely, combinations of these strategies ocaurwall (e.g.
Weimerskirch et al. 199%7bThe most efficient and thus common strategyiattend the
breeding site less often when food demand at tis¢ iselow to save energetic costs
(Ydenberg 199% and avoid the high predation risk at the coloeyg(Mougeot et al.
1998. In Wilson’s storm-petrels regulation of food igety appears to operate at the level
of feeding frequency since this value is more \@eamong the seasons than the amount
of food provided per nest visit (c.6chmoll 2000 BuRRer et al. 2004 The capacity of
carrying food is closely restricted to their smbtdy size. Astonishing is that during
supplementation parents delivered larger meal®adfih maintaining their nest attendance
rate. Hence the question arises if parents proafid@od to the nestling or if they retain a
certain amount as buffer. According t®Ricklefs (1992 Leach’'s storm-petrels
(Oceanodroma leucorhgaleliver their whole stomach content carried becthe colony.
But how then do parents adjust their provisionmghick’s nutritional state? This scenario
would imply that adults know their offspring’s nedo or three nights in advance, at the
previous feeding visit. Although body conditionrist independent from chick’s former
state and thus might be extrapolated, it also dépéeavily on the recent feeding history
(this study;Wright et al.2002. Pair partners feed their nestling independeomnfeach
other, so it seems unlikely to assess chick’s requents beforehand. Therefore | rather
suggest that returning parents carry a relativelystant amount of food to the nest where
offspring communicates its current needs and reseprovision accordingly. Depending
on chick’s need at the last feeding visit (commated through the classic call parameter)
and under the constraints of prevailing food avwdity parents might roughly balance
their provisioning rate via changing feeding fregeye while fine tuning of provided meal
size occurs during chick feeding (mediated mainfysbnagraphic call features). This is in
line with the observation that Wilson’s storm-p&trad hoc increased the meal size
provided to supplemented chicks due to intensifiedging without altering their feeding
frequency.
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Though provisioning can readily be decreased,nteacement above a certain level is
restricted by the capacity of the birds to carrgdand, of course, resource availability.
This implication is drawn from the inability of pants to increase provisioning rates due to
intensified begging of manipulated nestlings in 208imilar results of adults failing to
respond to an experimental increase in food denmaamide nest but reducing provisioning
when offspring is in appropriate state, were alyeagorted from songbirds{ikamaki et
al. 1998 Saino et al. 2000 other tubenosesAeimerskirch et al. 1997IHamer et al.
1999 Takahashi et al. 1999@and auks Johnsen et al. 1994Hipfner et al. 2006 The
adjustment of parental provisioning rates to chiokeds seem to be restricted to ample
food availability, whereas periods of scarce envimental conditions may give adults little
leeway to extend their foraging effort to improbhe state of poorly nourished chicks.

Nevertheless, | failed to show that supplementatesults in a decrease in the chicks
begging intensity and reduced provisioning by tdalts. Therefore | need t@ject the
third prediction . Why supplemented chicks increase their beggifgrtestill lacks an
explanation. Statistically there was no differeirt¢he body condition of chicks between
control and treatment periods albeit intensifiedidieg indicated a lowered nutritional
state after manipulation. This might be due to p&reountervailing the increased demand
of their offspring by providing larger meals befatecould have been deposited in a
decreased body condition.

To my knowledgeMock et al.(2005 are the only ones, reporting similar observations
derived from a supplemental feeding experimentanse sparrowsP@sser domesticys
I.e. an increase in the provisioning rate of adudttheir supplemented offspring. Since the
authors did not take the begging behaviour of mgslinto account, they could only
suspect supplemented broods to beg more intengelyoda preliminary (but unpublished)
study. Consequently, the provided model of parpetseiving their supplemented chicks
as high-quality offspring and thus invest more thsarage, while chicks in unusual good
condition intensify their begging, is at odds witle view that solicitation behaviour is an
honest indicator of needinessddfray 1991Kilner & Johnstone 1997

However, | suggest my findings to be rather thedpod of a true parent — offspring
interaction, than of methodical shortcomings. Ewerder control conditions nestlings
changed some of their call components from firssgoond feeding events in one night.
For one parameter, the overall call rate, this \mbhsady reported from an empiric
investigation of Wilson’s storm-petrel§ladbach 2006 In the following | will discuss

two hypotheses, thactivation and thebalance hypothesis to, a posteriori, propose
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proximate causes of the intensification in soltoma behaviour of Wilson storm-petrel
nestlings after receiving additional food.

Firstly, undisturbed nestlings seem to doze mogheftime in the nest. The handling
for applying supplementation, respectively thetfiieeding per night of unmanipulated
controls by their parents might rouse chicks fréms tethargy. By receiving food, either
artificial or parental, they activate their basatabolism to cope with the increased food
availability which in turn influences their requments positively. Consequently their
readiness to beg in the next provisioning everthefsame night increases (Shcchi et
al. 2003. Food thus serves as a kind of appetizer, edpegvaen only a small amount
was delivered which does not satiates the chickptet@ly @ctivation hypothes)s This
would be in line with the observation of increaseshging in second feeding events of
unmanipulated nestlings in this and a former st(@dbach 2006 Differences in the
digestive ability between control and supplememntedtlings were also mentioned by
Takahashi et al(1999h for Leach’s storm-petrels. In their investigatisnpplemented
chicks experienced a higher mass loss rate thamot®muring the daytime. This can be
traced back to an enhanced (activated) basal mesabaue to the supplementation
treatment as suggested for my findings in Wilsoaterm-petrels. But the authors
themselves explain it with limitations of the asgatory capacity of the digestive tract of
chicks and thus an inability to assimilate all fabeéy received Takahashi et al. 199%b
We can rule out this possibility, at least for WBitss storm-petrel chicks, since they can
handle meal sizes of up to 26 g per night (recgivimaximum meal sizes by both parents)
smoothly. Therefore an additional food supply @f @es not seem to cause any troubles.

Alternatively, thebalance hypothesis outlined: Cod liver oil is comparable to the
stomach oil of Procellariiformes regarding the gyecontent, but it maybe lacks an
essential, presumably water-soluble nutrient (agmo water-soluble vitamin or mineral,
e.g. calcium Taylor & Konarzewski 1992Schmoll 2000). If nestlings perceive this
disparity, they attempt to receive more proper froth their parents by intensifying their
solicitation behaviour (c.fThomas et al. 1993By requesting more provision they try to
counterbalance the malnutrition arising from acifi supplementation. This second
scenario would explain why the additional food, c&li get from parents during the
treatment period, perfectly equals the amount dfifi@al food supplied. This
argumentation of a missing essential nutrient endbd liver oil, was already proposed by
Schmoll (2000. He failed to show any differences in the growdh continuing
supplemented Wilson’s storm-petrel nestlings comgato unmanipulated controls,
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although faster growth is one of the three mostroomly reported short-term surrogates
compiled byMock et al.(2005.

Both hypotheses do have their rough edges and nmghtbe able to explain the
observation sweepingly, but they are not mutuakgiesive. In theactivation hypothesis
supplemented nestlings deplete their resources mamiely due to the increased basal
metabolism and consequently have higher short-teuirements which they advertise.
Underlying thebalance hypothesismanipulated chicks intensify the begging to $atis
their demand of a special nutrient. As a mattdaof, they also communicate a need. Thus
neither of the two hypotheses does impair the wéWwegging display as an honest signal
of need. Nevertheless, | rather support the fiygtothesis and condemn the latter one. It
seems unlikely that the cod liver oil, which is @rononly used supplement in several
animal studies (e.gchamberlain et al. 1995chmoll 2009 and even humans, should lack
an essential nutrient. But | cannot rule out tlusgability. On the other hand, tletivation
hypothesismight be corroborated with expertise from (humahysiology. Several
hormones are known to suppress hunger symptomsggrgtonin, leptin), while others
(e.g. ghrelin) enhance iBéllisle et al. 1998 Pliquett et al. 2006 Mechanical and
chemical stimuli of the stomach wall lead to thkease of gastrointestinal hormones, like
gastrin, which in turn cause the activation of digee processes. Especially small amounts
of food might activate the digestive tract but esfuto assuage the organism’s
requirements. Thus, resources allocated to pramlucéind release of hormones and
digestive enzymes need to be refilled, causingndsaecement of need. Therefore | predict
that the cause of increased metabolism and thuant@iter supplementation of Wilson’s
storm-petrel nestlings might be found in this coexphetwork.

4.4. Bias in parental care and responsiveness

Previous studies of passerines (€griste et al. 1998Viacgregor & Cockburr2002
Mock et al. 200bfound unequal contribution in progeny feedingiestn male and female
parents. This is commonly attributed to males béngfless from providing parental care
due to their lower certainty of paternity and bmadopportunities for extrapair
fertilizations (e.g. Queller 1997 Macgregor & Cockburn 2002 or in monogamous
(seabird) species to sexual dimorphism in body di@enzalez-Solis et al. 2000
Weimerskirch & Lys 2000 Furthermore, female parental behaviour is mteeilfle and
responsive to offspring requirements in some spgegteiin et al. 2000 Kilner 2002
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Quillfeldt et al. 2004 but not in othersGhriste et al1996 Schwagmeyer & Mock 2003
Whatever might be the reason for such differenneesponsiveness between males and
females, | did not expect to find any sex bias siWfilson’s storm-petrels are both
monogamousQuillfeldt et al. 200} and monomorphicEu3er 2003c.f. Peck & Congdon
2006. Thus males can be confident about parentageeaf mestling and no disadvantages
arise from being equally involved in caring. Intfamale and female parents contributed to
chick provisioning to the same extend. Thisnsline with prediction (4) and former
studies reporting equal nest attendance rates @odl deliveries for both sexe8i{3er
2003 Gladbach 2006

4.5. Conclusion and prospects

There is overwhelming evidence that begging andigpianing strategies in Wilson’s
storm-petrels depend heavily on prevailing foodralance during the breeding season. An
adult arriving in the nest burrow uses the infoipratthat are apparently encoded in
nestling begging behaviour to make optimal decsion allocation of resources critical to
their own fitness and that of their offspring. Iery poor environmental conditions,
chronically starving chicks beg constantly at tipper intensity limit, giving no scope for
variation. At the same time adults may not be ablencrease provisioning rates either.
Under those conditions, parents should be seldctégnore the signal, conserving there
own body condition to increase their survival pexdp to the next potential reproductive
period. In contrast, in times of higher food abumzs, chicks beg at intermediate levels,
providing a graded signal and parents readily agjtsvisioning rates. To achieve a more
detailed comprehension of which call parametersrdehe parental feeding decisions, a
playback-experiment is needed. The separate matidit of single acoustic components
offers the possibility to identify the one, resppeely the combination of call parameters,
which prompt parents to adjust provisioning. Nelveltss, the between chick variability,
which was considerably in almost every call par@metcluded in the present study, and
environmental fluctuations still pose an importsoirce of variance. Blurring arising from
individuality might be overcome with more recurreager nestling, but still needs to be
taken into account.

Since in this study the focus was laid upon chigésformance, further studies should
include aspects of adult condition (e.g. by detamg mass loss or feather regrowth rates)
to reach a better understanding of the part agldigin the observed patterrishaurand &
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Weimerskirch (1994 and Weimerskirch et al.(2000 already mentioned that food
availability, species foraging strategy, age, eigmere and the condition of the individual
parent may influence parental behaviour and the®thcome of such experiments.

Making information easy to detect, discriminate amuinember by receivers will
probably increase the success of a signal and wmailselected forQuilford & Dawkins
1991). The relationships found between need, beggitigstacture and provisioning in
the present study have implications for how sa@ttin behaviour might be designed for
effective transmission to parents. Call componémisid here chicks use to communicate
their body condition (number of long calls, duratiof begging session, sound frequency
and duration of a single element) were not onlyilaimto such found in other
Procellariiformes, but also to those reported framrow of songbird studies (see
chapter 4.2.). Hence, a ubiquitous pattern is sstggeto underlie these findings. The pitch
of a call, for example, might closely be relatedhe body size due to physical constraints
and, thus, give parents an easy, but barely deusacoustic indicator for assessing
offspring mass. Furthermore, the number of lon¢gscahd thus the duration of a begging
session were assumed to provide the basis parsetsowadjust their future provisioning
effort to, e.g. the feeding frequency, insteadahf involved in the current feeding event.

On first sight contradicting the honest signallitigeory, intensified begging of
supplemented chicks can be explained in its acoomlaProviding additional food either
aroused nestlings, resulting in an alteration efrtmetabolism dctivation hypothes)s or
caused an imbalance of nutriental@nce hypothesisBoth explanatory approaches end
up assuming a lack of energy, respectively an éssemitrient, which is advertised by the
chick. Though unexpected, these findings furthgapsut the idea of nestlings communi-
cating their need honestly.

The initial goal to examine how nestling’s neecicoded in the structure of begging
calls of Wilson’s storm-petrels, | state to be |yaetchieved. Some open questions still
remain. Although | support the view that nestlimgenmunicate their state asraultiple
signal | can not reject theedundant signal hypothesisikewise, further work needs to be
done to reliably unscramble causes and evolutiobagkgrounds of increased begging
intensity after receiving food tivationvs. balance hypothesis
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5. Summary

Whether parents or their dependent offspring cérgrovisioning and how resource
allocation is mediated behaviourally are fundamlegizstions in the context of parent —
offspring conflict. Pronounced begging display adstings commonly precedes and
accompanies provisioning by parents and is widegnsas advertisement of food demand
at the nest.

Vocalisations during feeding of chicks of a smalhd-lived seabird, the Wilson’s
storm-petrel Qceanites oceaniclys were recorded on King George Island, maritime
Antarctic, to evaluate their information contentdagffects on regulating provisioning by
the attending adult. A supplemental feeding expeninwas conducted in order to verify
empirical findings.

During the control period chicks honestly signalldteir nutritional need. They
conveyed information about their body conditiorotigh the number and sound frequency
of begging calls uttered during feeding sessionsgdihg intensity increased with
decreasing body condition, both within and betweestlings. Thus they provided a
graded signal of need as long as being in an apptepstate. Escalation of necessity
resulted in begging at the upper limits, whereoitild not be intensified further. Parents
were responsive to the information communicate@dudh solicitation behaviour and
delivered larger meals to nestlings in a pooretesbait within a certain range under the
constraints of food availability.

Data suggest that parents might use classic asasedbnagraphic components of the
begging display to adjust provisioning rates. Tkeding frequency might be roughly
based on the number of long calls of the last beggession, while the meal size depend
mainly on sonagraphic parameters, e.g. syllablatour and pitch of calls uttered during
the prevailing feeding. Nevertheless, evidences bbigks convey details of their body
condition are ambiguous. Either single aspectshofkés needs are encoded in acoustic
(number and sound frequency of long calls) comptmehthe begging displaynultiple
signal hypothes)s In this case further sensory modalities mightirbalved (e.g. tactile
beak pecking). Alternatively, the whole informati@nrepeated in the number and rate of
long calls, the element duration and frequency ditegedundant signal hypothe$is

Adults attending artificial fed nestlings increasgelivered meal sizes by 2 g, which
equals one third of a usual feeding, as responsentensified begging of their
supplemented chicks. Providing additional food esitaroused nestlings, resulting in an
alteration of their metabolisna¢tivation hypothes)sor caused an imbalance of nutrients
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due to the lack of an essential orfeal@énce hypothesis These two hypotheses are
proposed to interpret the findings, but neitherttedm does interfere with the view of

honest signalling in Wilson’s storm-petrel nesting

6. Zusammenfassung

Zentrale Fragen des Eltern — Nachkommen Konflikkschaftigen sich damit, wer
hauptséachlich die elterliche Firsorge kontrollieti, Altvogel oder der von ihm abhangige
Nestjunge, und wie spezielle Verhaltensweisen degtedlung beeinflussen. Allgemein
wird angenommen, dass Kiken dem Elternvogel ihrdiBeisse durch ausgepréagtes
Bettelverhalten vor und wahrend der Futterung viéetni. Der Informationsgehalt dieser
Bettelrufe und ihren Einfluss auf die Regulierungr drutterversorgung durch den
futternden Altvogel wurden an einem kleinen, labgien Seevogel, der
BuntfuBsturmschwalbe Oceanites oceanicys auf King George Island, maritime
Antarktis, untersucht. Zur Evaluierung empiriscibaten wurde ein Zufltterexperiment
durchgeflnhrt.

Wahrend der Kontrollphase signalisierten die Junipeen Futterbedarf. Anzahl und
Dauer der Bettelrufe wéhrend einer Futterung, sdwegjuenzparameter gaben eindeutige
Hinweise auf die korperliche Verfassung des Kiukéns. Bettelintensitat nahm mit sich
verschlechternder Korperkondition eines Nestjungbn Dieser Zusammenhang konnte
auch zwischen den Kicken nachgewiesen werden. @olan Erndhrungszustand sich in
einem normalen Rahmen bewegte, boten Kiken eim iBexllirfnissen entsprechendes,
abgestuftes Signal. Verschlechterte sich ihr Zustpdoch zunehmend, erreichte die
Bettelintensitat eine Obergrenze, die nicht weigesteigert werden konnte. Altvogel
reagierten auf die im Bettelverhalten kodierten oinfationen, indem hungrigere
Nachkommen mit groBeren Futtermengen versorgt wurBees geschah jedoch nicht
unabhangig von der aktuellen Nahrungsverflugbarkeit.

Die Ergebnisse weisen darauf hin, dass Altvogednhr-itterungsverhalten sowohl
klassische, als auch sonagraphische KomponentenBd#slns zugrunde legen. Die
Haufigkeit, mit der sie zum Nest zurickkehren, sthgon der Anzahl der Bettelrufe
wahrend der letzten Futterung abzuhangen, wohimgdae Ubergebene Futtermenge der
Lange und Frequenz einzelner Silben angepasst @ethils Gber die Art und Weise mit
der Kiken ihre Koérperkondition mitteilen, bleiberiverhin zweideutig. Einerseits kdnnen
akustische (Anzahl der Rufe, Frequenz) Bettelpatamenabhangig voneinander Uber
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unterschiedliche Aspekte informieremyltiple signal hypothesis Eventuell spielen in
diesem Zusammenhang auch weitere Sinnesmodalitéiee Rolle (z.B. taktiles
Schnabelpicken). Andererseits kann die gesamtenhaion in der Anzahl und Rate der
Bettelrufe, sowie deren Lange und Frequenzspanredenholt dargeboten werden
(redundant signal hypothegis

Experimentell zugefiutterte Kiken erhielten von rihrgltern 2 g mehr Futter. Das
entspricht etwa 30% einer normalen Futterung. Médseim Verhalten reagierten die
Altvogel auf die erhohte Bettelaktivitat ihrer Jemg Um diese Beobachtung zu erklaren,
werden zwei Hypothesen vorgeschlagen und diskutigriweder fuhrte das Zufittern zu
einer Erh6hung des Stoffwechsels, da es die Kikenraem Dammerzustand aufweckte
(activation hypothes)soder dem kunstlich verabreichten Futter mangsltaa einem
essentiellen Nahrungsbestandteil, der infolgedet@ibendie von den Eltern bereitgestellte
Nahrung aufgenommen werden mussignce hypothesisKeine der beiden Hypothesen
widerspricht jedoch der These, dass die Kiken dutab Betteln ihre tatséchlichen
Bedirfnisse anzeigen.
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Appendix

8. Appendix

Appendix A Influence of experimental supplementation on the classic call parameters, the
acoustic call features and the PCA factors. To control for individual effects nest was
included as fixed factor in the GLM. Significant P — values are marked bold.

Both seasons 2005 2006

Source d.f. F P d.f. F P d.f. F P

Number of long calls
Treatment 1 0.001 0.973 1 1.845 0.186 1 4.856 0.038
Nest 27 3.794 <0.001 16 3.676 0.002 10 5.351 0.001
Total 77 43 34

Call rate
Treatment 1 3.629 0.063 1 6.788 0.015 1 0.027 0.872
Nest 27 5.724 <0.001 16 4877 <0.001 10 9.632 <0.001
total 78 43 35

Maximum call rate
Treatment 1 0.161 0.690 1 0.032 0.860 1 0.789 0.384
Nest 27 5946 <0.001 16 4986 <0.001 10 8.120 <0.001
total 78 43 35

Duration of begging session
Treatment 1 3.420 0.071 1 0.548 0.466 1 5.361 0.030
Nest 27 2.732 0.001 16 2.266 0.032 10 3.922 0.004
total 77 43 34

Duration of single long call
Treatment 1 0.211 0.849 1 8.318 0.011 1 1.604 0.218
Nest 27 4373 <0.001 16 2.645 0.030 10 5.102 0.001
total 69 34 35

FMax
Treatment 1 7.861 0.008 1 5.518 0.032 1 2.555 0.124
Nest 27 17.813 <0.001 16 4.589 0.002 10 9.998 <0.001
total 69 34 35

FMean
Treatment 1 7.806 0.008 1 10.272 0.006 1 0.095 0.761
Nest 27 16,559 <0.001 16 4.207 0.003 10 25.193 <0.001
total 69 34 35

LocFMax
Treatment 1 0.005 0.941 1 0.199 0.662 1 0.063 9.805
Nest 27 1.101 0.384 16 1.654 0.162 10 0.347 0.957
total 69 34 35

LFMaxAbs
Treatment 1 0.117 0.734 1 1.702 0.210 1 0.143 0.709
Nest 27 1.598 0.087 16 1.545 0.197 10 1.754 0.128
total 69 34 35
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Appendix

Appendix A (continued) Influence of experimental

supplementation on

the classic call

parameters, the acoustic call features and the PCA factors. To control for individual
effects nest was included as fixed factor in the GLM. Significant P —values are

marked bold.
Both seasons 2005 2006

Source d.f. F P d.f. F P d.f. F P

SIStMax
Treatment 1 0.219 0.642 1 2.910 0.107 1 0.806 0.378
Nest 27 1.536 0.107 16 1.382 0.263 10 0.942 0.515
total 69 34 35

SIMaxEnd
Treatment 1 3.958 0.054 1 6.004 0.026 1 0.044 0.836
Nest 27 6.341 <0.001 16 4.870 0.001 10 0.614 0.787
total 69 34 35

LMaxAmp
Treatment 1 1.156 0.289 1 2.054 0.171 1 0.000 0.994
Nest 27 2.652 0.003 16 1.654 0.162 10 2.759 0.021
total 69 34 35

LMA_Abs
Treatment 1 1.364 0.250 1 6.118 0.025 1 1.073 0.311
Nest 27 2.363 0.007 16 2.300 0.053 10 3.666 0.005
total 69 34 35

PeakFTot
Treatment 1 7.438 0.009 1 11.524 0.004 1 0.118 0.735
Nest 27 11.726 <0.001 16 3.613 0.007 10 24.412 <0.001
total 69 34 35

BroadTot
Treatment 1 0.662 0.421 1 0.000 0.986 1 1.823 0.190
Nest 27 2.874 0.001 16 1.557 0.193 10 2.408 0.039
total 69 34 35

PCA factor 1
Treatment 1 6.661 0.014 1 9.252 0.008 1 0.030 0.865
Nest 27 11361 <0.001 16 3.422 0.009 10 10.921 <0.001
total 69 34 35

PCA factor 2
Treatment 1 0.421 0.520 1 3.897 0.066 1 1.258 0.274
Nest 27 2.294 0.008 16 2.195 0.063 10 0.856 0.584
Total 69 34 35

PCA factor 3
Treatment 1 0.008 0.928 1 0.191 0.668 1 0.040 0.844
Nest 27 1.071 0.415 16 1.494 0.215 10 0.835 0.601
total 69 34 35

PCA factor 4
Treatment 1 1.073 0.306 1 3.339 0.086 1 0.588 0.451
Nest 27 1.973 0.025 16 1.475 0.223 10 3.772 0.004
total 69 34 35
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Appendix B

List of abbreviations and terms

A

ANOVA
BroadTot
chick-night
Duration
FFT-length
FMax
FMean
GLM

ke

kit

K

LFMaxAbs
LMA_Abs
LMaxAmp
LocFMax
PCA
PeakFtot
SLA battery

SIMaxEnd

SIStMax

Growth asymptote
Analysis of Variance

Frequency breadth of the element

One night per individual chick

Duration of long begging call

Fast Fourier transform length; algorithm
Maximum frequency of the call element

Mean frequency of the call element
General Linear Models
Tarsus growth rate
Growth rate of eighth primary
Wing growth rate

Absolute location of FMax from beginninfitbe
element
Absolute location of maximum amplitude from
beginning of the element

Relative location of maximum amplitude nalised to
element’s duration

Relative location of FMax normalised toretnt’s
duration

Principal Component Analysis

Loudest frequency

Sealed lead acid battery

Difference in frequency from FMax to elatie end
divided by the duration LFMaxAbs to the end
Difference in frequency from start to FMdixided by
LFMaxAbs
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