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Abstract

In altricial birds, parental feeding is essentiad &s amount may depend on the quality of
both parents. A relationship between parental guahd feeding rate is generally attributed
to an active adjustment by parents in order tamegaod quality mates or ensure high fitness
through raising high quality offspring. Howeverethehaviour and need of young may also
change with parental quality, and this may affestptal behaviour. A further problem is that
most studies have investigated post-hatching palrentestment in relation to the secondary
sexual signals of males, but not females. In asefostering experiment, we examined the
feeding rates of rearing parents in relation tosize and ornamentation of both original and
rearing parents in collared flycatchéFscedula albicallis). Using this setup, we could
examine whether the observed feeding patterns tlwereesults of the decision of the parents
based on their own and their partner’s traits erdbnstraints imposed by the behaviour or
need of offspring. When correcting for clutch sarel year, we found that feeding rate of both
foster parents correlated with the wing patch seizne original female. This implies that
original maternal quality had an offspring mediaitedirect effect on investment of foster
parents, that is intrinsic nestling quality may strain parental feeding decisions. This
explanation should not be overlooked in future Esidn preferential parental investment and

our results also point out that maternal ornameeserve more attention in such studies.

Keywords: attractiveness, collared flycatcher, fentpality, Ficedula albicollis, maternal

ornamentation, parental investment; parental gyalitmage traits, provisioning

Introduction

Life history theory suggests that the energy exferalof animals is shared between
self-maintenance and reproductive investment. Beaestlings of altricial birds are
incapable of acquiring food for themselves, thamvis/al depends entirely on their parents’
feeding. Parental investment requires enormougygneyvestment, thereby affecting parents’
survival (Cicha et al. 1998) and reproductive success in futueeding attempts
(Gustafsson and Sutherland 1988). Therefore, iardmdmaximize their lifetime reproductive
success, parents may alter their investment baséueoexpected value of current and future
breeding attempts. The quality of individuals agithmates could be important factors to

predict the value of the current brood.
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Ornamental traits may indicate the quality or atikeeness of individuals (Andersson
1994), and as a consequence, the direct or inditeess benefits individuals may obtain by
mating with a given partner. Potential indirect &i#s include ‘good genes’, which result in
high quality and viability of offspring and thereimcreases the reproductive success of the
parents (Petrie 1994; Sheldon et al. 1997). A mate elaborate traits may provide direct
benefits as well, such as high quality territorghrabundant food or good breeding site
(Keyser and Hill 2000). Secondary sexual traits mlap signal the level of parental care (see
below).

Recently, many studies have focused on the rekttiproetween plumage signals and
parental investment (e.g. Sanz 2001; Limbourg.€2@04; DeMory et al. 2010). The results
are often contradictory, but this is not surprisgingen the opposing predictions of the
prevailing hypotheses. For example, the 'good pgahgipothesis suggests that good quality
individuals with elaborate traits will invest maretheir offspring because they are able to do
so (Hoelzer 1989; Linville et al. 1998). On theathand, highly ornamented males should
invest less into their first brood if they have tgortunity to increase their reproductive
success via extra-pair copulations or by obtaimrage partners (Magrath and Komdeur
2003; Mitchell et al. 2007). The situation is fuegtlcomplicated by the fact that the quality of
the reproductive partner may also influence thestt@e of an individual about the investment
in its current reproductive event. One may arga¢ @m individual mated to a good quality
partner should invest more in its offspring becabsg inherit the good genes of the partner
and therefore have higher expected fitness (Makzat 2003; Johnsen et al. 2005). On the
contrary, the ‘compensation hypothesis’ suggestsitidividuals mated to a less ornamented
partner should compensate for the worse qualith@f mates and enhance the viability of
their nestlings by providing more care (Gowatyle2@07; Ratikainen and Kokko 2010).
Finally, Burley’s original differential allocatiohypothesis predicts that parents should adjust
their investment according to their own attractegsrelative to that of the partners rather
than according to their own or their partner'sativenesper se, that is individuals mated to
a more attractive partner should invest more inéodffspring to retain their mate (Burley
1986).

Despite the relatively large number of studies Jaak important information
concerning the role of parental quality in parefeading decisions. As we outlined above,
most hypotheses argue that parents adjust thelimigeate to retain good quality mates or

because the future reproductive success of thpraftgmay be related to parental quality.
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However, the behaviour, growth rate and therefasrgetic requirement of the offspring may
also depend on parental quality (Silva et al. 208ither due to genetic reasons or due to
early maternal effects. Begging behaviour of tfemfng is suggested to be a reliable signal
of need (Cotton et al. 1996; Rodriguez-Gironed.€2@)1), and parents of many species are
known to respond to this signal in terms of botdiaeg rate (Ottosson et al. 1997; Moreno-
Rueda et al. 2009) and food allocation to individaféspring (Kolliker et al. 1998; Leonard
and Horn 2001; Rosivall et al. 2005). Therefoiie fuite plausible to assume that a
correlation between a parental trait and feedimg isathe result of a correlation between this
parental trait and nestling behaviour/need, ratha@n an active decision of parents based on
their own or their partner’s traits. In other waordss possible that parents do not adjust their
investment directly to parental traits (along tine$ of the aforementioned hypotheses),
rather their investment is constrained by nesttiagaviour/need (hereafter ‘offspring
constraint hypothesis’) and the relationship betwe&ental investment and the given
parental traits is indirect. To our knowledge ttygothesis has not yet been tested

A further problem with the literature on post-habhghparental investment is that
despite biparental care in many bird species, stasties focused on parental investment in
relation to male quality or attractiveness (e.gzMaet al. 2003; Johnsen et al. 2005; Osorno
et al. 2006), while only few have investigated thlationship between parental investment
and ornamental traits of females. In addition,dbcome of these studies is quite mixed.
Some studies have not found any correlation betyeag&rnal feeding rate and female
ornaments (Pilastro et al. 2003; Matessi et al928xaguire and Safran 2010), while others
have found positive association between femalemema and male brood defence (Griggio et
al. 2003; Matessi et al. 2009) or male feeding (stehr et al. 2012).

We studied parental investment in a Hungarian il of the collared flycatcher
Collared flycatchers have two sexually selectednalge traits. In our population, both male
and female quality is related to the condition-def@nt wing patch size, a heritable plumage
signal (Torok et al. 2003; Hegyi et al. 2008b). sTtrait has been reported to play a role in the
territorial aggression of males (Garamszegi e2@06), and the competitive interactions of
females (Hegyi et al. 2008a). Males also have amionous forehead patch. Its size is not
condition dependent, but heritable (Hegyi et aD2Megyi et al. 2006) and might signal the
quality of males. Males with larger forehead pascheed earlier in the season (Hegyi et al.
2006) and after an immune challenge their songdateeased less than that of small patched

males (Garamszegi et al. 2004a). Furthermore, thiasea positive association between the
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forehead patch size of rearing males and the grofwtiestling wing feathers (Szé4i et al.
2009), and between the forehead patch size ofdrggmal and foster fathers and nestling
mass growth rate (Hegyi et al. 2011b).

As we outlined above, male and female ornamentsaoaglate with feeding rate
because (1) parents adjust their investment dyréztiheir own or their partner’s traits (e.qg.
‘good parent’, ‘compensation’ and ‘differential@htion’ hypotheses) or (2) parental quality
dependent nestling behaviour/need constrains renestment (‘offspring constraint
hypothesis’). The primary aim of this study wasrneestigate the relationship between
parental investment and plumage signals of botesmahd females in a way that allows us to
distinguish between these two main mechanisms.eftwe, we conducted a full-brood cross-
fostering experiment. As rearing parents had normétion on the traits of original parents,
any correlation between the feeding rate of regpagnts and the traits of original parents
had to be mediated by intrinsic nestling qualitg aould support the second mechanism.
Correlations between feeding rate and the traiteafing parents, however, indicate parental
decisions based on their own or their partnerisstiand would therefore support the first
mechanism.

Our secondary goal was to deepen our knowledgeecoing the role of female
ornaments in parental investment decisions aftehinag, because only very few papers have
been published on this issue.

Finally, we aimed to find an explanation for theyously found positive associations
between growth of nestlings and forehead patchdfimeales in our population (Szédli et al.
2009; Hegyi et al. 2011b). We predicted a posiéissociation between forehead patch size of

males and feeding rate of either or both of the izt

Methods
Study species and field methods

Our study was conducted in a Hungarian populatfarobared flycatchers. Our
nestbox plots are located in an oak-dominated vaowtin the Pilis Mountains (47°48
19°01E), a protected area of Duna-Ipoly National Patke Tollared flycatcher is a small,
hole-breeding, insectivorous species with wintesigs in Sub-Saharan Africa (Cramp and
Perrins 1993). Males return to the breeding growamikoccupy nestboxes in the middle of

April. Females arrive a few weeks later and, aftete choice, they build the nest, lay and
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incubate the eggs (6-7 on average) alone. Aftahinag, both parents feed the nestlings, but
the brooding of ectothermic (0-6 days old) younthesexclusive task of the female.

Nestboxes were continuously monitored after thwarof birds. Full broods with
similar brood size were cross-fostered two dayar dfaitching. Four days after hatching,
approximately 1.5 hours (82.9 £ 16.8 min) long wdecordings were taken inside the
nestboxes to estimate parental feeding effort. €ayebefore the video recording, we
exchanged the nestboxes for special ones, whicltheasme inner sizes, but had a special
back chamber (hidden from the parents) for theadgdenera. This method had previously
been successfully applied in this population (Ralset al. 2005). The video records were
taken between 8:30 and 20:00, but we tried to atl@dnidday time (12:00 to 15:30) when
feeding activity may be reduced. There was no diffee in the feeding rates between the
morning and afternoon hours (female: t=0.78; df323)45; male: t=-1.27; df=23; p=0.22),
and feeding activity did not change within thesaqas either (morning/ female: df=1,8
F=1.01; p=0.34; male: df=1,8; F=0.38; p=0.55; aftem/ female: df=1,17; F=0.62; p=0.44;
male: df=1,17; F=0.0; p=0.98).

When the chicks became 10 days old, we caughtarents with spring traps and
measured their morphological traits. The binary @igmales (yearling or older) was
determined based on the colour of remiges (Sverk388). The size of the forehead patch
was estimated as the product of maximum width aadimum height (Hegyi et al. 2002).
We estimated the wing patch size of both parenth&pum of the lengths of non-covered
white bars on the 4th-8th primaries (Torok et 802). Body size was estimated by tarsus
length. All of these traits were measured withpglito the nearest 0.1 mm.

Statistical analysis

We used altogether 36 broods (16 in 2002 and 26dsron 2003) in our experiment,
but excluded 2 secondary broods of polygynous mates 3 broods with five chicks, because
of low sample size in this brood size category. Grm®d was removed to avoid
pseudoreplication as the female was included iregperiment in both years. In 3 cases,
brood-predation occurred before the chicks werday® old, therefore the parents were not
caught. The sample size may differ between analyseEause some measurements were
occasionally missing (in the final models it wag.25

We used general linear models to investigate tfeeedf rearing and original parental

traits on the feeding rate of rearing parents. dioportion of time females spent with
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brooding during the videorecording varied consiibraBecause our recording times were
relatively short (82.9 + 16.8 min), differenceghe incubation times were more likely to be
the result of mere chance than biologically meafuingjfferences between the females.
Therefore, the feeding rates of females were cailled|for the period when they were not
incubating. Feeding rates of the males were catedlfor the whole period. In both cases,
feeding rate was calculated as the number of fgsdier hour. Year-standardized laying date,
tarsus length, forehead patch size of males andléewing patch size were used in our
analyses as covariates (in case of laying datel, tiisedeviation from the yearly median, for
all other variables, we used the deviation fromytbarly mean divided by SD). Wing patch
size of males was year- and also age-standardesslibe it strongly differs between adults
and yearlings (Torok et al. 2003). Year, brood sizd age of males were used as fixed
factors.

To avoid overparameterization, we performed twdyeses with backward stepwise
model selection. First, we analysed the effecaging date, brood size and the traits of
original parents on the feeding rate of rearingepts. Second, we added the traits of rearing
parents to the final model (i.e. which includedyosignificant variables) of the first analysis.
Values indicated for the non-significant terms deeived from analyses, in which the given
terms were reentered to the final model one by(blegyi and Garamszegi 2011). We also
performed our analyses using an Information Theoegtproach, by calculating the AlCc
parameter weights of our independent variablesghotvn). The parameter weight is
analogous to the probability that the given vaeabla component of the AICc best model
(see details in Burnham and Anderson 2002; SymanddVoussalli 2011). All variables
included in the final models of the stepwise regi@ss received high parameter weights
(ranging from 0.622 to 0.885), thereby confirmihg tesults presented below.

Given that the feeding strategy of a parent mayddmn the feeding effort of its
mate (Linville et al. 1998; Mitchell et al. 2007;dguire and Safran 2010), we also
investigated the relationship between the feedatg of male and female parents. For this
analysis, we used a general linear model. In ebokeamentioned analyses, model residuals
were normally distributed. We used Statistica &th{Soft, Inc. 2003.Tulsa, Oklahoma,
U.S.A), and SAS 9.1 (SAS Institute Inc., Cary, tha€arolina, U.S.A.) for the statistical

analyses.

Results
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The provisioning rate of rearing males increasetth Wie wing patch size of original females
(Table 1, Fig. 1). None of the remaining varial{kesits of original males and rearing parents,
brood parameters) correlated with the feeding agtof males (Table 1). The feeding rate of
females was significantly higher when rearing marieks (7 compared to 6; Table 1). It also
differed between years (Table 1), and similarlymales, it was significantly positively
correlated with the wing patch size of original tdes (Table 1, Fig. 1). However, just like in
males, laying date, the traits of the original msalend that of the rearing parents did not
correlate with the feeding activity (Table 1). Thevas no correlation between the feeding
rates of males and femaleg ¢ 0.09; P=0.927).

Discussion

In our whole-brood fostering experiment, we invgsted whether the feeding activity
of parents was related to ornamental traits obtigginal and rearing parents, while
controlling for clutch size, laying date and styears. The experimental design allowed us to
examine whether foster parents adjusted their figealctivity to their own or their partners’
traits or rather to nestling quality/behaviour whis dependent on the quality of the original
parents. We found that the wing patch size of nabfemales positively correlated with the
feeding rate of both rearing parents. This resudgests a nestling-mediated indirect
association between the ornamentation of the aidemale and feeding rate of the foster
parents and thereby supports the ‘offspring coimgthgypothesis’. Though in this study, we
did not investigate the need or behaviour of negslj the offspring of more ornamented
females might differ in behaviour from the chicksmall-patched mothers. Thus, one
possible explanation would be that, as a resuliteérited maternal genes, nestlings of high
quality females were larger and begged more. Howyéwe body mass of nestlings on the day
of videorecording was not related to the wing paicle of the original female (our
unpublished data). Nonetheless, this result doepneclude the possibility that inherited
genes influence the begging intensity of nestlipgsse or via their growth rate. Though there
is so far no clear experimental evidence for gereffects of female ornaments on offspring
growth, a study of male ornaments suggests that sffiects may exist (Parker 2003).
Alternatively, females may allocate different amtsuof nutrients or hormones into their eggs
depending on their quality (Navara et al. 2006)icliin turn may affect the begging intensity
of nestlings and the feeding activity of rearingguas. For example, it is known of several

yolk steroid hormones such as corticosterone (lanis al. 2008), androgens (Eising and
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Groothuis 2003) or specifically testosterone (Qelidlt et al. 2006), that they affect the
begging activity of nestlings. An earlier studyour collared flycatcher population found no
correlation between female wing patch size anadttiieentration of testosterone in the eggs
(Hegyi et al. 2011a). However, yolk androstenediewel significantly increased with laying
order in small patched females, while it did noarege in females with large wing patch
(Hegyi et al. 2011a). When the interaction betwlegimg order and wing patch size was
removed from the model, the overall effect of wpajch size became significant: there was
on average more androstenedione in eggs of fematlesmaller wing patches (Hegyi et al,
unpublished results). The same study found thdtimgs from eggs with less
androstenedione hatched with smaller mass and faster (Hegyi et al. 2011a). If, in line
with these results, nestlings of large patched fesnlaatched with smaller mass and grew
faster in our study, they may have required mooel fduring early development, and this
could explain our results. Unfortunately, we conti test this, because we had no
information on hatching mass in this study.

Though, as we have shown, female ornamentationamaglate with post-hatching
parental investment, so far only very few studia@geninvestigated this possibility. Even these
are hard to compare because some of them focuskebod defence, while others on feeding
rate. Two studies (Pilastro et al. 2003; Maguiré Safran 2010) found no correlation
between female colouration and the feeding ratealés, while there was a non-significant
tendency for female feeding rate to correlate pagit with female attractiveness in the study
of Pilastro et al. (2003). Griggio et al. (2003)hal a positive relationship between male
brood defence and female ornamentation. Interdgtitige two studies which estimated
parental investment in both ways came to mixedlt®sMale rock sparrowdetronia
petronia) defended, but did not feed their chicks more whained with reduced breast
patched females (Matessi et al. 2009). On the apnta blue ti{Cyanistes caeruleus) study
showed that males invested less in feeding, bubhdidlefend the brood less, when paired to
UV-reduced females (Mahr et al. 2012). Thus it se@mased on the above results) that the
investment of males is either unrelated to or padit correlated with female ornaments and
the authors suggested that the latter result stgbtine differential allocation hypothesis.
However, as our results show, this is not necdgdhe case. Positive correlation may also
occur if males do not directly adjust their investiito female ornaments (as suggested e.g.
by the ‘differential allocation hypothesis’), batther respond to the need/behaviour of the

nestlings (as suggested by the ‘offspring consttaypothesis’).

9



271 Many more studies focused on the relationship betweale ornamentation and

272 parental feeding behaviour, though none of thensidaened the possibility that such a

273  relationship may be constrained by nestling qualitye results are again quite mixed. Some
274  studies showed a positive correlation between @#lactiveness and male feeding rate

275  (Buchanan and Catchpole 2000), others found a iveg&@anz 2001) or no relationship

276  (Maguire and Safran 2010). In addition, in spewél multiple colour signals, the two

277  feather ornaments may show contrasting relationsitipmale feeding rate (Johnsen et al.
278  2005). The association between male ornamentseandlé feeding rate also varies (positive:
279  Maguire and Safran 2010; none: Mazuc et al. 2068z2001; negative: Limbourg et al.

280 2004)

281 The fact that we found no correlation between #sing parents’ feather ornaments
282 and their feeding rate is still surprising for fodowing reasons. First, in a Swedish

283  population of collared flycatchers, males with aperimentally enlarged forehead patch
284  reduced their feeding rate because they had taxdefeir territory more intensively against
285  other males (Qvarnstrom 1997). Given that in oyypation the wing patch size but not the
286 forehead patch size has an important role in iaxaal competition (Garamszegi et al. 2006;
287 Hegyi et al. 2008a), we expected a negative cdroaldetween wing patch size and feeding
288 rate, something we did not observe. Second, eatliglies in our population have found

289  positive correlations between nestling growth dredforehead patch size of the original

290 males (Szobsi et al. 2009), or both original and rearing mdlésgyi et al. 2011b). Therefore
291  we predicted that, contrary to results in the Sekegiopulation, males with larger forehead
292  patch (or their mates) would feed their nestlinggenHowever, in our study, feeding rate of
293 the rearing parents did not change with the forélpedch size of rearing males. The earlier
294  found growth patterns are therefore the resudtithier attractive males or their partners

295 feeding the chicks with higher quality prey (Segbet al. 2000; Grieco 2002), or the

296  offspring of large patched males being of supegemetic quality (Petrie 1994).

297 The feeding rate of females differed between yédis.abundance of caterpillar,

298  which is a major food type for developing chick®(dk 1986), was much higher in the year
299  when females had higher feeding rates (our unphagdislata). This suggests that females
300 increased their feeding rate when surplus foodavasdable, while this was not true for

301 males. It is possible that, when chicks are yodegding rate was recorded 4 days after

302 hatching), males do not invest as much energygatental care and do not respond as readily

303 to environmental conditions as females do, becthesgalue of the brood is not equal for

10
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males and females. Though in our population less 0% of males were socially
polygynous (Garamszegi et al. 2004b), 55.7% of tisamntained offspring sired by extra-
pair males (Rosivall et al. 2009). This means thales have a chance to mate with a
secondary female or to sire extra-pair young wheir primary brood is young (Magrath and
Elgar 1997; Magrath and Komdeur 2003). For fematespntrast, the number of progeny in
a breeding season is limited by the number of éggdsand chicks reared (there is no
evidence for intraspecific brood parasitism in gpecies).

The brood value argument may apply also to theceéfebrood size, because females
rearing seven nestlings fed more frequently thaselrearing six, while there was no
relationship between brood size and feeding rateefearing males. However, our results
are in contrast with an earlier brood-size manipoiaexperiment in the same population,
which found that feeding rate of both parents wefleenced by brood size (Térok and Téth
1990). Nevertheless, it should be noted that irptiegious study brood size was manipulated
with two nestlings, and feeding rate was measutea alder nestling age when the value of
the brood may be higher for the males (Michl e2@D0).

In summary, the main finding of our study is ancasation between a condition-
dependent plumage ornament of the original mothértle provisioning rate of the rearing
parents. This indirect effect is important to ursti@nd the factors shaping parental
investment. Our results indicate that a relatiom&i@tween parental traits and feeding rate
may be explained not only by direct parental adpesit of feeding effort to these traits, but
also by differences in the need or behaviour ofntb&tlings. Further studies should examine
the generality of such offspring quality constrajrand explore their potential mechanisms.
Our results also show that the role of female omramiin parental investment decisions

deserves more attention than it has received so far
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494  Table 1 Relationship between the provisioning oditeearing parents and brood size, laying
495  date and morphology of original and rearing parevitdues indicated for the non-significant
496 terms are derived from analyses, in which the gteems were reentered to the final model
497 one by one. The variables retained in the final @hagde indicated in bold. WPS stands for
498  wing patch size, FPS stands for forehead patch size

feeding rate of rearing maldeeding rate of rearing female

variable df F P df F P

year 1;22 0.00 0.960 1;21 5.08 0.035
brood size 1,22 0.09 0.770 1,21 532 0.031
laying date 1;22 0.00 0.946 1;20 0.02 0.876

original female’'s tarsus  1;22  2.44 0.132 1,20 0.370.552
WPS 1,23 483 0.038 1,21 513 0.034
original male’s age 1,22 0.15 0.702 1;20 1.23 280.
tarsus 1;20 0.14 0.715 1;18 2.83 0.110
FPS 1,21 1.26 0.275 1;19.63 0.437
WPS 1,21 1.26 0.275 1;190.22 0.642
rearing female’s tarsus 1,22 0.75 0.397 1,20 0.13.72D
WPS 1,22 0.33 0.573 1;20 1.98 0.175
rearing male’s age 1,22  1.26 0.274 1,20 0.89 0.356
tarsus 1,21 2.25 0.148 1;19 0.22 0.642
FPS 1,22 0.92 0.349 1,20 1.71 0.206
WPS 1,22 0.45 0.507 1;20 0.03 0.874

499
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500 Fig. 1 Provisioning rate of rearing parents in relatiortite year-standardized wing patch size
501 of original females (rearing females - open circtésshed line; rearing males - filled circles,
502  solid line).
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