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Aggressive behavior of the male parent predicts brood sex ratio in a songbird

Abstract Brood sex ratio is often affected by parental mvinmental quality, presumably
in an adaptive manner that is the sex that coriggser fithess benefits to the mother is
overproduced. So far, studies on the role of patequality have focused on parental
morphology and attractiveness. However, anotheredspthe partner's behavioral
characteristics, may also be expected to playeimbrood sex ratio adjustment. To test this
hypothesis, we investigated whether the proportibsons in the brood is predicted by the
level of territorial aggression displayed by théh&, in the collared flycatchefFicedula
albicollis). The proportion of sons in the brood was higlheearly broods and increased with
paternal tarsus length. When controlling for bregdiate and body size, we found a higher
proportion of sons in the brood of less aggresktigers. Male nestlings are more sensitive to
the rearing environment, and the behavior of cogrthales may often be used by females to
assess their future parental activity. Therefod@sting brood sex ratio to the level of male
aggression could be adaptive. Our results inditaé the behavior of the partner could
indeed be a significant determinant in brood setio radjustment, which should not be

overlooked in future studies.

Keywords Attack latency; Collared flycatcher; Laying daddale quality; Personality; Sex

allocation
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Introduction

The brood sex ratio that provides maximal fitnessdiit is expected to vary between females
when their individual physical, social and ecol@giconditions differently influence the fate
of male and female offspring. In such a case, seleshould favor the ability of mothers to
adjust the sex ratio of their brood. Accordinghe mrivers—Willard-hypothesis (Trivers and
Willard 1973), mothers in above-average body camdishould produce male-biased broods,
whereas mothers in below-average body conditiorulshproduce female-biased broods,
whenever male reproductive success is more varaidehence more dependent on maternal
investment than female reproductive success. Indregh a pattern has been found in certain
bird species, for example in the tree swallGwaohycineta bicolor) (Whittingham and Dunn
2000) and the house wrefirfglodytes aedon) (Whittingham et al. 2002). Moreover, brood
sex ratio has been shown to vary as a functionaofnpr quality (e.g. ornament size in
Ellegren et al. 1996; body size in Kolliker et #099; strophe bout length in Dreiss et al.
2006), breeding date (Daan et al. 1996) and teyriquality (Appleby et al. 1997), factors
that, similarly to maternal condition, can affegture reproductive success of the offspring in
a sex-specific manner. Other hypotheses focus @suhvival prospect of the offspring or the
mother because of differences in early sensitiaityl energy demand between male and
female offspring (Cordero et al. 2000; Martins 20@4idison et al. 2008; Rosivall et al.
2010). On the one hand, mothers breeding in poay boondition or an unfavorable
environment might overproduce the sex that is $&sseptible to nutrient shortage, because it
has a greater chance to survive under such a eaamdKilner 1998; Nager et al. 1999). On
the other hand, mothers breeding in poor body ¢mmdor an unfavorable environment might
overproduce the sex that is less costly to rearethy facilitating their own survival and thus
future breeding probability (Gomendio et al. 199@htably, the less sensitive and the less

expensive sex may often be the same, making thgexheses difficult to distinguish.



60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

To date, parental morphological traits (i.e. bodyndition and body size), male
secondary sexual characters (i.e. plumage and feaigres) and ecological factors (usually
some indicator of food availability) have been ddesed as cues for brood sex ratio
adjustment, while behavioral traits of the partiwe been ignored. Recent results on
behavioral traits, however, suggest that thesedcbelas important determinants in brood sex
ratio adjustment as morphological traits. Firsthdagoral traits show consistent variation
across time and contexts even among individuathetame sex and age (Réale et al. 2007,
Bell et al. 2009). Second, selection experimentge fdemonstrated that this variation has a
partly genetic background (van Oers et al. 2008leFiet al. 2007). Third, behavioral traits
may have different impact on male and female fén@ingemanse et al. 2004; Dunn et al.
2011). Therefore, we can expect that the behaviopawents influences the fate of the
offspring in a sex-specific way via either gendaticeritance or parental care.

To test the hypothesis that the behavior of theénpamplays a role in brood sex ratio
adjustment, we performed an exploratory study @nréhationship between male aggression
and offspring sex ratio in a wild population of mal passerine, the collared flycatcher
(Ficedula albicollis). Aggression is one of the most important and mestely studied
behavioral traits, owing to its close link to fisge In collared flycatcher males, aggression is
repeatable in a single context and correlated acnugtiple contexts, indicating individual
personalities (Garamszegi et al. 2006; Garamszegl. €012). Moreover, aggression may
give comprehensive information about the behavibrthe males because functionally
different behavioral traits (e.g. aggression anglanation) correlate with each other within an
individual and form a behavioral syndrome (Garargsetal. 2009).

Male aggression is likely to be involved in broak satio adjustment because females
can assess it before egg laying in at least twiereiit ways. First, more aggressive males

may court more intensively, because intra- andrisésual behaviors are governed by a
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shared physiological background (Eising et al. 20@@lditionally, more aggressive males
may also act more violently when courting, for exéanforce females to copulate or cause
physical injury to them (Ophir and Galef 2003). @&, females can gain information about
male aggression directly by eavesdropping on malkenmteractions before pairing (Naguib
and Todd 1997; Otter et al. 1999).

Male aggression may have sex-specific impact orspofig fithess via genetic

inheritance because aggression has a moderatalilésit (e.q. in the house mousMis

musculus domesticus), h?=0.30 in van Oortmerssen and Bakker 1981 l#6.40 in Gammie

et al. 2006: in the western bluebirfidlia mexicana), h’=0.45 in Duckworth and Badyaev

2007) and male reproductive success may be more dependenggression than female
reproductive success. In the collared flycatchegygrassion is necessary for males to
successfully compete with each other for breedargtories and thus attract mates. Male
aggression may have sex-specific impact on offgpfitmess also via parental care, because
mating and parental behaviors are often conflic{ikgtterson et al. 1992; Stoehr and Hill
2000; Peters 2002) and the future prospects of aradefemale offspring may be differently
dependent on parental investment. In our study latipn, male offspring have greater
growth potential but are also more sensitive, stieuigood conditions male, while under poor
conditions female offspring perform better (Rodivat al. 2010; Hegyi et al. 2011).
Altogether, we predicted one of two scenarios f@aemaggression related brood sex ratio
adjustment. First, if aggression is particularlyaatageous for males in terms of reproductive
success, mates of more aggressive males might rodelge sons, while mates of less
aggressive males might overproduce daughters. 8edoaggression in males is negatively
related to their contribution to parental care, esabf more aggressive males might

overproduce daughters, while mates of less aggeessales might overproduce sons.
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Methods

Data collection

The study was conducted in a nest box breedinglptpu of the collared flycatcher, in the

Pilis Mountains, Hungary (47°43'N, 19°01'E). Thellaced flycatcher is an insectivorous,

migratory, secondary hole-breeding, primarily maaogus passerine with normally one
clutch per breeding season. The most common chizehis 6-7 eggs. Only females incubate
the eggs, but both parents care for the nestlivgdes arrive at the breeding site before
females and immediately start to acquire and defesl boxes. They then begin to attract
arriving females by singing, displaying and presentheir nest box (Cramp and Perrins
1993).

We measured male aggression at this courtship giagthe middle of April) by
presenting territory owner males with a live decogle to stimulate male-male aggression.
Stimulus males were placed in a small wire cageX3815 cm), so the focal males were not
able to injure them. Multiple stimulus males weendomly used across tests and were
unfamiliar with the owner males. Tests were madenduthe most active period (between
5:00 a.m. and 10:00 a.m.) and under good weathadittans. To quantify aggression, we
recorded the latency of the first attack of theafanale, which was the time elapsed between
the detection of and the first attack toward theuitler male. The detection was defined as the
appearance of the owner male on its territory, thuedfirst attack as the first event when the
owner male touched the cage of the intruder maagily with clear intention to fight). The
latency of the first attack is a reliable measureggression, since it is repeatable within
males R=0.383 in Garamszegi et al. 2012) and correlatek wiher variables describing
territorial aggression (e.g. frequency and averdgation of attacks, see Garamszegi et al.
2006). The tests lasted five minutes (after theeapgnce of the focal male), because

according to our previous observations, malesdithhot respond to the stimulus in terms of
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aggressive approach within five minutes did nopoesl at all. As previously, non-responder
focal males were given a score of 301 sec for katetency (Garamszegi et al. 2006).

After the behavioral test, focal males were trapped ringing and morphological
measurements. We measured the size of two whitengga characters of the males, the
forehead patch and the wing patch, which are inapoiin social interactions (Garamszegi et
al. 2006; Hegyi et al. 2010), and tarsus lengtaragdicator of structural body size. Based on
the color of the remiges, males were categorizegeaslings or adults (Svensson 1992).
Following the measurements, males were releasedhairdbreeding attempt was monitored
to assess the date of the first egg and the tatalber of eggs laid by their mates. To
determine brood sex ratio, we collected small blsachples from the nestlings (at the age of
9-13 days) and embryonic tissue samples from thetched fertile eggs. The protocol of the
molecular sex determination had been validated dwlts of known sex, for details see
Rosivall et al. (2004). In total, out of the 171gedaid in 27 broods, 150 were sexed from
nestling blood sample, 5 from embryonic tissue dangmd 2 were unfertile. We had no
information about 4 eggs and 10 nestlings that diadppeared before sampling. Therefore,
we had complete information on the sex ratio forbt@ods, while incomplete information

was available for an additional 10 broods that veése used in the analysis.

Data analysis

The analysis included 27 broods (from 27 differpairs) from three years (6 broods from
2005, 14 broods from 2007 and 7 broods from 20¥¥9. analyzed the data by fitting a
generalized linear mixed model with binomial erabistribution, logit link function and
Satterthwaite's approximation of degrees of freedédfa used the number of male offspring
in the brood as the dependent variable and thértataber of sexed offspring as the binomial

denominator, so brood sex ratio refers to the ptepoof male offspring in the brood. The
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fixed variables entered in the initial model wehre tatency of the first attack (logarithmically
transformed), the wing patch size (standardizedsacage categories; see Torok et al. 2003),
the tarsus length and the binary age of the miagelaying date of the first egg (as a deviation
from the median clutch initiation date of the giwaar) and year. The explanatory variables
were statistically independent of each other (@#0.1). To account for the possible
confounding effect of the stimulus male (Garamszatgil. 2006), the identity of the stimulus
male was also included in our model as a randortofatlon-significant variables were
removed one by one using a backward stepwise smlegtocedure. We presehtstatistic
values for each explanatory variable and effece gRearson’s) with 95% confidence
intervals calculated fromF-values according to Rosenthal (1994). The analys&s
performed in SAS version 9.1 using the GLIMMIX magSAS Institute Inc., USA, 1990).
Neither embryo nor nestling mortality is sex-biagedur study population (our unpublished
results). Moreover, the proportion of sampled proge in the brood was independent of all
the explanatory variables considered in the analgé®rood sex ratios (gh>0.1). Therefore,

the analyzed brood sex ratios can be regardedimsgrbrood sex ratios (i.e. sex ratios at

egg laying).

Results

We found a significant positive relationship betwdee sex ratio of the brood and the latency
of the first attack of the male (Fig. 1, Table Gjven that there is an inverse relationship
between attack latency and aggression (i.e. thee naggressive the male, the faster he
attacks), the direction of the relationship indésathat the proportion of sons in the brood
decreased with the aggression of the father. Thedosex ratio was significantly positively
related to the tarsus length of the male (Fig. &l& 1) and significantly declined with the

progress of the breeding season (Table 1). Ther® avaon-significant tendency for an
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increase in brood sex ratio with male wing patae sbut brood sex ratio was not affected by

male forehead patch size, male age and year (Table

Discussion

Manipulating the sex ratio of the brood may be &glapwhenever the fithess of male and
female offspring is differentially influenced by neatal attributes or environmental factors.

The behavior of parents is likely to influence tfitmess of male and female offspring

differently for at least two reasons. First, bebaai traits may be at least partially heritable
(van Oers et al. 2005) and the sexes may haveditféitness optima for shared behavioral
traits (Dingemanse et al. 2004; Dunn et al. 20BBcond, there may be an association
between parental behavior and the quality of caugg Both et al. 2005; Duckworth 2006) and
the sexes are known to differ in their early susibdyy to rearing conditions in many species

(Raberg et al. 2005).

Our study is the first that regards a behavioit of the partner as a possible predictor
of brood sex ratio in animals. We demonstrated wild bird population that aggressive
behavior of the male during the period of mateaatton is related to the proportion of sons in
his subsequent brood. The less aggression wasagespby the male in a simulated territorial
conflict, the more sons were produced by his mate.

This relationship can be adaptive, if more aggwessanales contribute less to parental
care and female offspring are less sensitive toingaconditions. Actually, in the same
collared flycatcher population, male nestlings gfester in experimentally reduced broods,
but grew slower in experimentally enlarged brooklant female nestlings (Rosivall et al.
2010). Furthermore, food supply, estimated by gétar abundance, had a stronger effect on
body mass growth in male than in female nestlindsgfi et al. 2011). This suggests that

males have a greater growth potential but are nserssitive, thus profiting more from
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favorable rearing conditions and suffering moremfranfavorable rearing conditions than
females. Although we have no direct data linkingareggression to parental care, assuming
such a link is reasonable in birds. In males, sstone has a conflicting effect on mating and
parental effort, as it facilitates sexual and agginee behaviors, while suppresses parental
behaviors (Wingfield et al. 1987). Furthermore, thagnitude and duration of testosterone
elevation during the breeding season has beentegptar vary among males and suggested to
be the basis for some of the individual variatiorailocation to mating versus parental effort
(reviewed by Kempenaers et al. 2008). In the pigdafcher Ficedula hypoleuca), the
sibling species of our study species, testosteit@ated males prolonged their singing activity
and acquired more territories, while, at a latengeh they performed negligible feeding
activity or abandoned their brood (Silverin 198).the western bluebird, males that were
more aggressive towards conspecific males in a labedi territorial conflict fed their
nestlings at a lower rate (Duckworth 2006). Addhtly, there is indication in both pied and
collared flycatchers, that reduced paternal coutidim to nestling feeding reduces the
fledging success of the brood (Silverin 1980; Gazaqgi et al. 2004). Consequently, if a
trade-off between allocation to male aggression aestling care exists in our collared
flycatcher population, mates of more aggressiveemalay maximize their fitness benefit by
producing disproportionately more daughters, bexdhsese nestlings may suffer less from
the reduced paternal provision and thus fledge Wigher success. Mothers receiving less
help from their mate can also enhance their ownigirthrough such an adjustment because
female nestlings may impose less cost on themalttestr smaller energy demand. Producing
disproportionately more sons when mated to a lgggeasive male may be beneficial for
mothers because male nestlings may perform bettease of intensive male assistance in
parental care. In addition, the fitness benefibtigh good-provisioned sons may exceed the

fitness benefit through good-provisioned daughtersour population, due to a greater
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reproductive potential for males created by polymg mating and extra-pair fertilizations
(Garamszegi et al. 2004; Rosivall et al. 2009).

The results contradict our alternative scenaria @bsitive relationship between brood
sex ratio and paternal aggression, which would ireqthat the heritable variation in
aggression is linked to reproductive success iexadependent way. Perhaps a sex-difference
in developmental sensitivity or early energy regoient provokes stronger selection for
brood sex ratio adjustment to paternal aggressidhea opposite direction because it not only
influences the number of offspring produced, babdhe chance whether or not an individual
reaches reproductive age. Furthermore, the bemdfitherited aggression may not be limited
to males, as female collared flycatchers also perfaggression towards same-sex intruders,
which may help them to prevent polygynous matingré@nszegi et al. 2004; Hegyi et al.
2008).

As in a previous study (Rosivall et al. 2004), th&ch initiation date had a significant
effect on the brood sex ratio. However, becausediréorial intrusion tests were conducted
in a relatively short period due to logistic coasits, the clutch initiation dates in the present
study do not characterize the entire populationerétore, this result has to be handled
carefully. Nonetheless, the negative relationskefwieen brood sex ratio and laying date may
partially be driven by selective pressures similarthose suggested for the negative
relationship between brood sex ratio and male aggre. Namely, if early in the season food
iIs more abundant, mothers might maximize theireBg benefit by producing an excess of
sons, which may perform better than daughters ufad@rable conditions. As food becomes
scarcer with the progress of the season and mo#iteydace energetic constraints due to the
upcoming molt and migration, they might maximizeithfitness benefit by producing an
excess of daughters, the sex that performs betigeruunfavorable conditions and requires

less expenditure to rear. For a better understgnafithe seasonal brood sex ratio pattern in
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our study population, a more detailed analysisheftemporal distribution of food is needed,
as food abundance and brood sex ratio may not gidgdrease during the breeding season
but may show more complex patterns. For examplepoevious study focusing on a single
year when birds arrived at the breeding site in disinct waves, found an increase in brood
sex ratio for the whole season (Rosivall et al.Z0@o shift for the first wave separately and
a decrease for the second wave separately (oublisiped results). Still, timing of breeding
seems to be an important factor in sex ratio adfjast of collared flycatcher females, at least
in the central area of the species, as in a Czephlation, Bowers et al. (2013) also found
indication for a seasonal decrease in brood séx rat

Contrary to the results in a Swedish populatiode(en et al. 1996) and in line with
our previous report (Rosivall et al. 2004), we duat find significant relationship between
male forehead patch size and brood sex ratio. TWwasg however, a non-significant tendency
for a positive relationship between the wing paie of the male and the proportion of sons
in the brood. Such relationship was not found pmesiy (Rosivall et al. 2004). It is plausible
that the benefit of sex ratio adjustment in relatio male attractiveness is context-dependent,
because other selective pressures, such as yelay,qtiiat act on offspring survival rather
than future reproductive success may overridenigortance (see e.g. Addison et al. 2008).
The between-population difference in the role oflemarnaments can be explained by the
different information content of these traits. Inrostudy population, wing patch size is
condition-dependent (To6rok et al. 2003) and hash botra- and intersexual function
(Garamszeqi et al. 2006; Hegyi et al. 2010), winléhe Swedish population, forehead patch
size serves as a condition-dependent quality itali¢&ustafsson et al. 1995). The results in
the Czech population were similar to ours, thabrsod sex ratio was positively related to
male wing patch size and unrelated to male forehemtdh size (Bowers et al. 2013).

According to some recent theoretical work (Bookdmyet al. 2013), the difference among
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populations in sex ratio adjustment in relatiomtale ornamentation may reflect population

difference in the coupled evolution of male ornatrepression level, female preference and

facultative sex allocation.

We found that male tarsus length was a signifigaatlictor of brood sex ratio. Note
that the effect of paternal body size on brood s#io was independent of the effect of
paternal aggression, since the two male charattsrisvere unrelated. Though, in our
previous study, the provisioning activity of paentas not linked to their own or their mate’s
tarsus length (Kiss et al. 2013), if larger bodyesis associated with access to superior
territories, as in the Swedish population (Gustaisk988), the positive relationship between
brood sex ratio and paternal tarsus length codld laé explained by the sex-specific response
of nestlings to rearing conditions (Rosivall et 2010; Hegyi et al. 2011). Unfortunately, in
the Czech population, male tarsus length was nsidered (Bowers et al. 2013), however,
interestingly, in the Swedish population, male dar¢ength did not affect brood sex ratio
(Ellegren et al. 1996).

To conclude, our results provide evidence for tbefar untested hypothesis that,
considering their potential sex-specific effects alfspring fithess, behavioral traits of the
partner can be involved in brood sex ratio adjustmé/e believe that extending the analyses
on brood sex ratio adjustment to the behavior efglartner may help explain some apparent
discrepancies in the literature. For example, i@iggrthe general negative link between
mating and parental effort mediated by a sharedthboal background, selection for offspring
sex ratio adjustment to the level of male care aaocount for the lack of an expected
relationship between offspring sex ratio and ma&eual ornaments, that is, attractiveness.
Further studies in multiple systems are clearly dedeto test the generality of the

phenomenon we described here.
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Figure captions

Fig. 1

Brood sex ratio in relation to paternal attack natein the collared flycatcher. Given that
there is an inverse relationship between attackn{at and aggression (i.e. the more
aggressive the male, the faster he attacks), tieetdin of the relationship indicates that the

proportion of sons in the brood decreased withatigression of the father

Fig. 2

Brood sex ratio in relation to paternal tarsus thng the collared flycatcher
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457 Tablel
458 Brood sex ratio in relation to paternal phenotylagjng date and year, in the collared

459  flycatcher

Variable df F p r 95% CI
Attack latency 1,23.00 10.78 0.003 0.565 0.235-0.778
Tarsuslength 1,919 11.20 0.008 0.741 0.503-0.875
Laying date 1, 10.50 9.10 0.012 0.681 0.407-0.843
Wing patch size 1,6.45 4.18 0.084 0.627 0.324-0.813
Forehead patch size 1, 15.20 0.39 0.540 0.158 66@2808
Age 1,8.23 0.81 0.393 0.299 -0.091-0.610
Year 2,6.00 0.07 0.934 0.151  -0.243-0.502

460

461 Generalized linear mixed model with binomial errdogit link and Satterthwaite's
462  approximation of degrees of freedom. Variablesimeth in the final model are indicated in
463  bold. Values for non-significant variables are ded from models where these variables were

464  reintroduced to the final model one by one
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