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ABSTRACT. - Factors determining the condition of migratory biat their wintering sites are
poorly known. Age, sex, and morphological charasties of birds may have an influence on
their winter condition by affecting their foragirgnd competitive abilities. Winter body
condition could have long-term consequences ondheductive success of migratory birds
during the subsequent breeding season. Based @e tygars of data from Collared
Flycatchers Ficedula albicollig, we examined the characteristics of winter-grotail
feathers, as indicators of winter body conditionyelation to sex, age, morphological traits,
and future breeding variables. Tail feather mass highly repeatable between years, but
feather growth rate was not repeatable, suggegtiag the latter trait mainly indicates
environmental circumstances during molt, while lieatmass may more strongly reflect
genetic effects. Tail feathers of male and adultlbishowed better quality than those of
female and juvenile birds, possibly due to diffeesin individual quality and foraging skills
between age classes and sexes, or winter habgtagsgion between them. Birds with longer
wings produced better-quality tail feathers, sugggs that wing and tail feather
characteristics are similarly affected, presumabyy individual genetic quality. Smaller
Collared Flycatchers grew their tail feathers fastering the winter molt, possibly as they
have better foraging ability due to better flighamoeverability. Tail feather quality showed
no relationship with laying date, however, fematesat had produced heavier tail feathers
during winter laid larger clutches during the feliog breeding season, suggesting that tail

feather mass potentially reflects intrinsic indivadi quality.

Key words: body condition, clutch siz€jcedula albicollis, migratory passerine, plumage

quality, ptilochronology, winter molt.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Hargitai et al. WTER BODY CONDITION IN A PASSERINE

Factors determining the condition of migratory biad their wintering sites are poorly known.
The age, sex and morphology of birds may all havenBluence on their winter condition by
affecting their foraging and competitive abilitiegVinter body condition could be an
important factor that determines arrival time, tayidate and reproductive success of
migratory birds during the subsequent breedingseédarra et al. 1998, Takaki et al. 2001,
Norris et al. 2004). For example, winter habitaalgy influenced the condition and spring
departure dates of American RedstaBistOphaga ruticilly which in turn resulted in variable
arrival times at the breeding areas (Marra et @88). For migratory birds, early arrival is
generally advantageous as it gives access to tstebbeeding sites and mates, higher food
availability, as well as additional time to repldost clutches (Perrins 1970, Nilsson and
Svensson 1996).

Plumage is replaced repeatedly over the lifetimbiafs necessitated by the mechanical
abrasion of feathers. As plumage is important @rrtioregulation, protection, communication
and locomotion, time spent molting should be miamai (Murphy et al. 1988). Avian molt is
physiologically costly, not only in terms of enerdyut also in the requirements for specific
nutrients (Murphy and King 1992, Lindstréom et @938), so molt parameters may vary with
food quality and availability (Murphy et al. 198Bwaddle and Witter 1997). Therefore, it is
expected that individuals of the same species nmlitn habitats of different quality may
show differences in plumage quality (Carlson 19%Barbonell and Telleria 1999).
Replacement of feathers may be slower and feathayscontain lower quantity of materials
when feather development competes for a limitedplsupf energy and specific nutrients
(Grubb 1989).

To estimate the body condition of birds during ffexiod of molt, a technique called
ptilochronology has been successfully used (e.gpllpet al. 1988, Stratford and Stouffer

2001, Talloen et al. 2008). Growth bars across/ére of the feathers reflect the daily cycles
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of melanocyte activity with darker and lighter bandarking the growth during the day and
the night, respectively (Grubb 1989). Therefore, whdth of the bars indicates daily feather
growth rate, and indirectly, the nutritional comalit of an individual over the molt period
(Grubb 1989, Grubb and Cimprich 1990). It has béemonstrated that growth bar width of
feathers is influenced by food availability (Hithé Montgomerie 1994), territory size (Grubb
and Yosef 1992), habitat quality (Grubb and Yos@®4), parasite infection (Saino et al.
2012, Marzal et al. 2013) and environmental str@sdloen et al. 2008). Additionally,
individuals of high intrinsic quality may grow tmdeathers more rapidly than lower-quality
individuals, as suggested by the high within-indbal repeatability of plumage
characteristics between molts (Takaki et al. 2@H. Ja Hera et al. 2009), and the significant
heritability of feather growth rate and mass (Gpmand Merila 2010, De la Hera et al.
2013).

Feathers may also be shorter and lighter underitiontrl stress conditions as the
allocation of resources to plumage production mayirnited (Murphy et al. 1988, Carbonell
and Telleria 1999). Feather stiffness and hardnmessbe positively correlated with feather
mass (Dawson et al. 200G0 feather mass could be an indirect measureathér quality.
One cost of having shorter and lighter feathers beagn impaired flight performance, which
could affect foraging efficiency and increase ptextarisk (Slagsvold and Dale 1996). Also,
lower-quality feathers might influence migratioresg, prolonging the duration of migration
(Marchetti et al. 1995, Hedenstrém and Alerstam8)99

In this study, we examined the following associatidn a migratory passerine, the
Collared FlycatcherHicedula albicollig. First, we tested the repeatability of tail feath
characteristics between consecutive years to see rhoch they may depend on stable
individual quality versus changing environmentatemstances. Second, we investigated if

stable traits (age, sex, tarsus length) and a cteaistic that had been developed during the
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preceding summer molt (wing length) influenced wintondition, as reflected by tail feather
quality. The relationships between sex, age andhéeagrowth rate have already been
analyzed in our previous study on a smaller datgéatgitai et al. 2012). Finally, we studied
the relationships between tail feather quality #mel breeding variables (laying date, clutch
size) of birds during the following spring to examiwhether conditions during winter could

have long-term life history consequences.

METHODS

Study species and field proceduréihe study was carried out in a nestbox-breeding
population of Collared Flycatchers in an-oak dortedavoodland in the Pilis Mountains (47°
43N, 19° 0IE), Hungary, in 2008-2010. The Collared Flycatchera long-distance
migratory, hole-nesting, insectivorous passeringjciv spends the winter in sub-Saharan
Africa as confirmed by ringing recoveries and visoiaservations (Cramp and Perrins 1993).
Flycatchers molt body feathers, tail feathers atials in their winter quarters (Svensson
2002). Birds were captured in the nestbox during nlestling feeding period. They were
weighed with a Pesola spring balance (to the ne&dsg), the length of the tarsus was
measured with a caliper (to the nearest 0.1 mny,the length of the wing was measured
with a ruler (to the nearest 1 mm). We determirredlage (yearling or adult) of males from
the color of remiges (Svensson 2002) or ringingadathile the age of females was

determined from ringing data.

Feather measurementdVe plucked the left and right second outermostriees of birds

during the nestling feeding period in each year yMane), and stored them in envelopes
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until analyses. In 2010, we collected only oneHegtas measurements strongly correlated
between left and right feathers (lengths 0.85,n = 235,P < 0.001, vane area:= 0.63,n =
228,P < 0.001, growth rate:= 0.54,n = 130,P < 0.001, feather mass= 0.81,n = 334,P <
0.001). We collected tail feathers from 172 (76esand 96 females), 126 (68 males and 58
females) and 166 (95 males and 71 females) bir@®@8, 2009 and 2010, respectively. We
measured the width of eight growth bars perpendicid the vane of the second rectrices as
described in Hargitai et al. (2012). We weighed ribetrices to the nearest 0.0001 g with a
Mettler AE200 digital balance. Also, we scanned firethers, and measured the total length
of the feather from the calamus end to the featiperand the area of the vane with Scion
Image program in 2008 and 2009. As we found thathkr length and vane area are strongly
correlated with feather mass (see below), we ditdmeasure them in 2010. Where available,

average values of the left and right feathers wseal in the analyses.

Statistical analysesData were analyzed with Pearson correlations andrgélinear models.

In general linear models, a stepwise analysis basethackward deletion procedure was
employed, removing non-significar®® & 0.05) interactions and main effects from the atod
one by one in decreasing orderRofWe did not report thE- andP-values of non-significant
variables before elimination, as non-significanoeld be due to overparameterization of the
model (Hegyi and Garamszegi 2011). Therefore, wmtegrated them to the final model
one-by one, and present thoBe and P-values. We analyzed the relationships between
various tail feather traits with Pearson correladio The repeatabilities of feather traits
between consecutive years were analyzed only folt &itds with Pearson correlations. We
tested the effects of stable (age, sex, tarsusheig summer-developed (wing length) traits
on tail feather quality by including age (yearliogadult), sex, and year as factors, and tarsus

length and wing length as covariates in two différenodels with feather growth rate and
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feather mass as the dependent variables. We cadidtandardized effect sizes for predictor
variables (McNeil et al. 1996). Second-order intéoas between factors and continuous
variables were included in the models, but onlyigigant interactions are reported.

We examined the relationships between tail feattatts and future breeding variables by
using laying date and clutch size (5-8 eggs) a®mdgnt variables, age, sex, year as fixed
factors, and growth rate and feather mass as conspredictor variables. Laying date was
entered as the deviation from the median laying dathe particular year. In the model with
clutch size as dependent variable, laying dateanasvariate.

Wing length was significantly affected by ade< 0.001) and seX?(< 0.001), laying date
was affected by agd>(= 0.05), while body mass differed among ye&s(0.026) and sexes
(P < 0.001), so they were standardized for theseofacfmean = 0, SD = 1), and the
standardized variables were used as independelatbles in the tests. Moreover, we used
year-, sex- and age-standardized feather growth aad feather mass when they were
included as independent variables in the modelthdénanalyses of variables of the breeding
season (laying date and clutch size), we used tmdge nests where no experimental
manipulation had been performed. Analyses wereopadd in STATISTICA, version 5.5
(StatSoft Inc., Tulsa, OK, USA), and figures weregared in SPSS 19. (IBM-SPSS Inc.,

Chicago, IL, USA).

RESULTS

Correlation between winter-grown tail feather taitWe found positive correlations between

tail feather growth rate, length, vane area andsniiéable 1). We decided to use only feather
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growth rate and mass in further analyses, as fe&hgth and vane area correlated strongly

positively with feather mass (Table 1).

Repeatability of feather qualityWe analyzed the repeatability of feather traitsadiilt
Collared Flycatchers between consecutive yearsowatg to our results, tail feather mass
correlated strongly between years= 0.79,n = 32, P < 0.001, Fig 1). However, feather
growth rate showed no repeatability between years §.33,n = 15,P = 0.23). Regarding
wing feathers, we also found a high repeatabilftyimg length between years € 0.79,n =

69,P < 0.001).

Stable and summer-developed traits and winter-grtaurnfeather quality.The tail feathers

of male and adult Collared Flycatchers were heaamer grew faster than those of female and
juvenile birds, respectively (Table 2). We alsodstigated whether growth rate and mass of
tail feathers varied significantly within the adalje category, but we found no significant
variation in these variables between 2 and 5 yaelage (growth rate; 115= 0.95,P = 0.42;
mass:F3, 163= 0.61,P = 0.61). There was also a difference in wing larfggtween the sexes
and age classes: males and adult birds had longgs\sex¥; 375= 119.09P < 0.001; age:
F1 375= 83.88,P < 0.001). However, there was no difference inusrength between the
sexes and age classes (dex377= 0.04,P = 0.83; ageF; 377= 1.01,P = 0.32). Our results
showed that birds with longer wings and with smrdliedy size produced tail feathers which
grew faster (Table 2). We also found a positiveaation between wing length and the mass

of winter-grown tail feathers (Table 2, Fig. 2).

Winter-grown tail feather quality and future breedivariables.We found that Collared

Flycatcher females that had grown heavier tailhea during winter laid larger clutches
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during the subsequent breeding seasans¢= 3.95,P = 0.05, st. effect size = 0.28, Fig. 3).
When we included spring female body mass and tdesiggh as covariates in the model, the
effect of tail feather mass on future clutch semained significantH; 43= 5.20,P = 0.03, st.
effect size = 0.33; mas§&; 43= 0.23,P = 0.63; tarsusF;, 43= 1.97,P = 0.17). However,
feather growth rate showed no association withctbteh size of femaled=( 47= 0.96,P =
0.33). According to our results, laying date was netated to either tail feather trait (feather

growth ratef; 16s= 0.10,P = 0.75; feather masB; 16s= 0.34,P = 0.56).

DISCUSSION

We found positive correlations between tail featipewth rate, length, vane area and mass,
suggesting that these traits are similarly affedbsgdthe quality of the individual or the
molting environment. Likewise, in the Blackca@y(via atricapilld and the Gray Jay
(Perisoreus canadengisit has been demonstrated that individuals witliaster feather
growth rate produced longer feathers (Waite 1999 ,LB Hera et al. 2009). In contrast, no
significant correlation was found between feathemgh rate and tail length in the Styan’s
Grasshopper Warbletg¢custella pleskeiTakaki et al. 2001) and the Siberian Jagrisoreus
infaustus Gienapp and Merila 2010).

Adult Collared Flycatchers produced similar feashiertwo consecutive winter molts, as
shown by the highly repeatable mass of their ree$ti However, feather growth rate showed
no repeatability between years. In accordance authresults, De La Hera et al. (2009) also
found high repeatability in the length and mas®Ilaickcap tail feathers, and no significant
repeatability in feather growth rate between molts.contrast, in a study of Styan’s

Grasshopper Warbler, feather growth rate showedrafisant positive correlation between
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years (Takaki et al. 2001). In the Pied Flycatcffécedula hypoleuch feather mass also
showed high repeatability and heritability, sugoesthat genetic variation accounts for a
considerable proportion of phenotypic variationttut feather trait (de la Hera et al. 2013).
This result implies that the mass of tail feath@depends rather on individual genetic factors
or early environmental effects than on the envirental quality of the molting habitat. In
contrast, feather growth rate seems to be moretatfdy environmental factors at the time of
feather production.

Our results showed that Collared Flycatcher matssgssed heavier tail feathers than did
females. In a study of Northern CardinaBa(dinalis cardinali3, it has also been found that
males grew longer rectrices than did females (Gretbhl. 1991). Collared Flycatchers are
sexually dimorphic in their coloration (Svenssord2D Although wing and tail feathers of
males were longer than those of females, tarsugHewnhich is related to skeletal body size,
did not differ between the sexes. There could belective pressure for males to have longer,
larger and heavier feathers. Better feathers coelp males to increase flight performance in
terms of speed (Savile 1957, Balmford et al. 1993ychetti et al. 1995), which could be
important for earlier spring arrival at the bregdgrounds and thus the occupation of better-
quality nesting areas. Indeed, male Collared Ftjeats generally arrive earlier to the
breeding sites than females (Mitrus 2004y pers. obs.). Furthermore, better flight ability
could also be important in male-male competitioos lreeding sites and in escape from
predator attacks due to their conspicuous plumadecaurtship behavior.

We found that male Collared Flycatchers had fastiéfeather growth rate than females
(see also Hargitai et al. 2012). It is possiblet thex-related physiological, metabolic or
endocrine differences caused the faster feathewtgroate of male birds, and not their
relatively better body condition. Alternatively, lea may occupy better-quality territories due

to their dominance over females (Piper 1997, Ma6@0, Catry et al. 2004), and thus males

10
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develop their feathers faster (Gienapp and MefI&02 but see Saino et al. 2012). In support
of this hypothesis, a study of Downy Woodpecké&isdides pubescepshowed that females
grew their feathers slower in woods without foogydementation, however, in food-
supplemented sites, feather growth rate did né¢rdifetween the sexes (Grubb 1989). These
results suggest that the faster feather growthafateales may indicate their better nutritional
status, probably due to their social dominanceeddd in a study of Swedish Collared
Flycatchers, it has been suggested that males wintéess arid habitats than females
(Hjernquist et al. 2009).

We found that the tail feathers of juvenile birdsrevlighter and grew slower than those of
adult birds (see also Hargitai et al. 2012), howgetreere was no difference in feather quality
among 2-5 year-old birds. Wing length also diffdrigetween juvenile and adult Collared
Flycatchers: juveniles had shorter wings. Juvdnilds may winter in less suitable areas with
poorer availability and quality of food, thus, theality of their tail feathers may be lower.
Supporting this hypothesis, it has been observezsbme passerines that older males forced
most juveniles into habitats of poorer quality dgrivinter (Marra and Holberton 1998, Catry
et al. 2004). Alternatively, juveniles may be lesgerienced foragers or otherwise lower-
quality individuals (Cam and Monnat 2000, Hegyakt2006), which may not allow them to
develop high-quality feathers (Grubb et al. 199en@pp and Merild 2010).

We also analyzed if summer-developed and stablg@matwgical traits (wing and tarsus
lengths) of birds had an effect on their winter dition, as indicated by winter-grown talil
feather quality. We found that birds with longemgs produced tail feathers which grew
faster and were heavier. The mechanism underlyiratp $ink could be either the effect of
environmental or genetic factors. A longer wing nadlpw the bird to fly faster and cover a
longer distance (Marchetti et al. 1995) seekingoptimal winter habitat with better food

availability. Moreover, a bird with longer wings yndave better foraging ability due to

11
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higher speed (Savile 1957), and therefore it malt faster and grow heavier tail feathers. It
Is also possible that both wing and tail feathealigyi reflect the same genetically determined
individual quality rather than that of the moltiegvironment. This latter hypothesis is also
supported by the strong within-individual repedigbof tail feather mass and wing length

between consecutive years. Alternatively, lengthwiofg and mass of tail feathers may be
genetically positively linked and may have evolvedier natural selection in order to achieve
an aerodynamically optimal body shape for flighthgimas 1993, Mgller et al. 1995).

Nevertheless, this hypothesis does not excludeptssibility that individuals capable of

producing both longer wing and heavier tail feashbave generally better quality, as it
requires more resources (Murphy and King 1992, dfirish et al. 1993). This supposition is
also supported by the observation that adult bivdsich probably have higher intrinsic

guality than juveniles (Cam and Monnat 2000, Hesgyal. 2006), had both longer wing and
heavier tail feathers than juveniles.

We also found that smaller Collared Flycatchersvgiteeir tail feathers faster during the
winter molt. A smaller bird may perform better ioréging due to its better flight
manoeverability (Andersson and Norberg 2008), wischspecially important in species like
flycatchers, which capture flying insects (LOhrl789 Torok 1986).

Birds spending the winter in a poor habitat coalsel some of their body mass (Marra et
al. 1998), which could have long-term consequerieasiing to delayed departure dates in the
spring, and later arrival at the breeding area (&at al. 1998, Norris et al. 2008aino et al.
2004). In addition, birds producing better quafiathers during the winter molt may have
better flight performance, and thus these birds mwaive earlier at the breeding site and
consequently show higher reproductive successomigart with this hypothesis, Takaki et al.
(2001) and Marzal et al. (2013) found that birdatthad higher tail feather growth rates,

reflecting better nutritional condition during ténter molt, arrived earlier and acquired a

12
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mate faster in the subsequent breeding season. \ldowia contrast to our expectations, we
detected no relationships between tail featheratharistics of Collared Flycatchers and their
laying date of the breeding season following feathelt, although, we must note that we did
not record the arrival time of birds. Similarly, nelationships have been observed between
feather mass and spring arrival time and layin@ datthe Pied Flycatcher (de la Hera et al.
2013), suggesting that in flycatchers winter cdnditdoes not predict the laying date of
individuals.

We found that the tail feather growth rate of GathFlycatchers showed no relationship
with future breeding performance. Similarly, in BaBwallows Hirundo rusticg and
Siberian Jays, feather growth rate showed no assmciwith the reproductive performance
of females (Gienapp and Merila 2010, Saino et @L2). In Styan’s Grasshopper Warblers,
females with wider tail feather growth bars tendecachieve higher reproductive success,
probably as a result of breeding earlier (Takakalet2001). Likewise, in House Martins
(Delichon urbicg, birds with a higher tail feather growth ratersgd breeding earlier and
consequently laid larger clutches and produced mibedglings, but no significant
relationship between tail feather growth rate anel humber of fledglings produced was
detected (Marzal et al. 2013). These results aagiaement with our findings suggesting that
winter-developed feather growth rate does not stowdirect relationship with future
reproductive performance, although in some spettiamay have an indirect effect on
reproductive success by influencing the laying déteirds.

Most of the studies tested the relationship betwieather growth rate and reproductive
success, while studies on tail feather mass ortheare lacking. Our results indicated that
Collared Flycatcher females that had grown heataérfeathers during winter laid larger
clutches during the subsequent breeding seastmuglh we must note that the association

was just significant. A possible explanation foclsuink could be that heavier feathers may

13
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help females to forage more efficiently during dug-laying period and thus produce larger
clutches. Alternatively, these birds may be gemeraigher-quality individuals, which can
both develop high-quality feathers during winterlivend lay larger clutches during spring.
Accordingly, tail feather mass could be a reliablgicator of the quality of female Collared
Flycatchers.

In summary, our results suggest that tail feathassrof Collared Flycatchers is highly
repeatable, correlates with wing length, and shawslationship with future clutch size in
females, thus potentially reflecting intrinsic imdiual quality. In contrast, feather growth rate
could rather indicate the environmental circumstanduring molting. The winter condition
of birds seemed to be affected by several variabletiding age, sex, year, wing length and
body size. However, we failed to find any indicatithat body condition at their wintering
sites in Africa has significant consequences on lfdying date of Collared Flycatchers.
Further research based on the analysis of tracmeels or stable isotopes in feathers
(Prochazka et al. 2008jjernquist et al. 2009, Szép et al. 2009) couldapplied to outline

groups of individuals that molted in the same ackagg winter.
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TABLE 1. Correlation matrix of various tail feather tsaof Collared Flycatchers.

Length Vane area Mass

Growth rate r 0.32*** (0.25** 0.17*

n 158 158 275
Length r 0.47+*  0.31%*
n 202 202
Vane area r 0.33***
n 202

** P <0.01; **: P <0.001
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TaBLE 2. Tail feather quality of Collared Flycatchers relation to sex, age, year and

morphological traits. Wing length was standardimgdage and sex (mean =0, SD = 1).

Growth rate

Feather mass

df F P st. effect size df F P st. effect size
Age 1,265 17.27 <0.001 0.25 1,3707.21 0.008 0.14
Sex 1,265 1255 <0.001 0.21 1,370 2752D.001 0.65
Year 2,265 10.35 <0.001 0.27 1,370 11842.001 0.62
Wing length 1,265 6.60 0.0110.16 1,370 31.42 <0.001 0.28
Tarsus lengthl, 265 5.00 0.026 -0.14 1,369 0.02 0.87 0.01
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Fic. 1. Repeatability of tail feather mass of adultll@&ed Flycatchers between

consecutive years. The dashed line indicates eerafe 1:1 line.

Tail feather mass (mg) in year 2

T | T
42 46 50 54 58 62 66

Tail feather mass (mg) in year 1
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Wing length was standardized for age and sex, ahteather mass was standardized for sex,

Fic. 2. Relationship between wing length and tail Heatmass of Collared Flycatchers.

age and year (mean =0, SD =1).

Standardized tail feather mass
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| |
-4 2

Standardized wing length
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Flycatchers. Tail feather mass and clutch size w&xredardized for year and age (mean = 0,

SD = 1).

Standardized clutch size

Fic. 3. Relationship between tail feather mass andcltiisize of female Collared
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T T
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Standardized tail feather mass
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