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Abstract Sexual selection may impose fitness costs on both males and females due to the costs
of developing and maintaining exaggerated sexual signals, reducing average fitness in strongly
sexually selected species. Such reductions in average fitness could affect local extinction risk and hence distribu-
tion range. However, given that both sexually monochromatic and dichromatic species are common and widesp-
read, benefits of sexual selection must be invoked to maintain equilibrium. We tested for differences in breeding
range size and population size between monochromatic and dichromatic species of birds in a comparative analysis
of species from the Western Palaearctic. In an analysis of standardized linear contrasts of the relationship between
sexual dichromatism and range size and population size, respectively, that controlled for similarity among taxa
due to common descent, we found no significant relationship. However, when we analyzed carotenoid-based se-
xual dichromatism sexually dichromatic species had larger distribution areas and higher northernmost distribution
limits, but not southernmost distribution limits than sexually monochromatic species. In contrast, melanin-based
sexual dichromatism was not significantly associated with range size or population size. Therefore, population
density of sexually dichromatic species with carotenoid-based coloration was lower than that of monochromatic
species, because dichromatic species had similar population sizes but larger ranges than monochromatic species.
These findings suggest that the different physiological roles of pigments associated with sexual dichromatism
have effects on total range size of birds.
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Osszefoglalas Az ivari szelekcio kihatassal lehet az egyedi ratermettségre mind himeknél, mind a tojoknal, mert
a masodlagos nemi jellegek kifejlesztése és fenntartasa bizonyos koltségekkel terheltek, melyek visszahatnak a
ratermettségre az erésen ivari szelekcio alatt allo fajoknal. A ratermettségben megmutatkozo koltségek tovabbi
befolyassal birnak a helyi extinkcios ratara, és igy az elterjedési teriiletre. Ennek ellenére ugy tiinik, hogy az iva-
rilag monokromatikus és dikromatikus fajok gyakoriak és elterjedtek, igy az ivari szelekcio elényei egyensulyt
teremtenek a koltségekkel. Jelen komparativ vizsgalatban azt teszteltilk a nyugati Palearktikus régioban kolto
madaraknal, hogy az ivarilag monokromatikus és az ivarilag dikromatikus fajok elterjedési teriilete és populdcio-
mérete is kiilonbozik-e. A linedris standardizalt kontrasztok modszerét hasznalva, amikor a fajok kozotti rokon-
sagi kapcsolatot is szamitasba vettiik, nem talaltunk Osszefiiggést a vizsgalt valtozok kozott. Amikor azonban
csak a karotin alapu szinezetre fokuszaltunk, kideriilt, hogy a dikromatikus fajoknak nagyobb és északabbra
nyulo elterjedési teriilete van, mint a monokromatikus fajoknak. Ezzel szemben, a melanin alapu szinezetre nem
talaltunk ilyen Osszefliggést. Az eredményekbdl még arra is kovetkeztetiink, hogy a karotin alapon dikromatikus
fajok populacios denzitasa alacsonyabb, mint karotin alapon monokromatikus fajoké, mert a dikromatikus fajok
hasonl6 populéciomérettel birnak, mint a monokromatikus fajok. Osszegzéskeppen elmondhatjuk, hogy valoszi-
niileg a kiilonb6zé pigmentekhez kapcsolodo fizioldgiai mechanizmusok kiilonbozo szerepet jatszanak az ivari
dikromatizmus és az elterjedési teriiletek kapcsolatanak fenntartasaban a madaraknal.

Kulcsszavak: madarak, karotinoidok, melanin, ivari dikromatizmus, ivari szelekcio
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Introduction

Sexual selection arises from the fitness ad-
vantages of certain individuals over others
in competition for mates, resulting in the
evolution of exaggerated secondary sexual
characters (Darwin 1871). While the vari-
ance in individual mating success increases
as a consequence of sexual selection, this
increase in variance may also have impor-
tant implications for population processes.
For example, an increase in the variance in
reproductive success may increase demo-
graphic stochasticity with consequences for
extinction risk (Sather et al. 2004). Fur-
thermore, average fitness of individuals of
strongly sexually selected species may be
reduced compared to species subject to less
intense sexual selection, and such load due
to sexual selection will invariably suppress
population size relative to that expected
in the absence of sexual selection (Tanaka
1996). However, the world is full of wide-
spread and common monochromatic and
dichromatic species, implying that sexual
selection may also be advantageous. Given
that the proportion of sexually dichromatic
species is variable among taxa, and that di-
chromatism has evolved numerous times
(Price & Birch 1996), we can assume that
benefits as well as costs are present, main-
taining the frequency of sexual dichroma-
tism at an equilibrium level.

The effects of sexual selection on popu-
lation processes should be visible at, at
least, three different levels. First, individu-
als should differ in their ability to cope with
the costs of sexual selection, with mating
success, fecundity and viability being re-
lated to the expression of secondary sexual
characters as predicted by models of condi-
tion-dependent secondary sexual charac-
ters (Andersson 1994). This should have

consequences for the variance in individual
contributions to populations. Second, popu-
lations consist of individuals that differ in
their degree of sexual ornamentation, and
this should have consequences for the local
risk of extinction. Accordingly, Doherty et
al. (2003) have shown for bird census data
from North America that local extinction risk
and local turnover rate are greater for sexu-
ally dichromatic than for monochromatic
species. Therefore, it is not surprising that
Doherty et al. (2003) for North American
birds and Prinzing et al. (2002) for Europe-
an birds did not find a relationship between
sexual dichromatism and population trends
because local extinctions would be expected
to be balanced by a high local turnover rate.
Third, given that species differ inherently in
the costs and benefits of sexual selection,
we should expect sexually dichromatic spe-
cies to run greater risks of extinction than
monochromatic species. Indeed, McLain
et al. (1995, 1999) and Sorci et al. (1998)
have shown for introduced birds to oceanic
islands that the risk of immediate extinc-
tion is elevated for dichromatic compared to
monochromatic species, even when control-
ling for potentially confounding variables
such as inoculate size.

While numerous studies have investi-
gated the effects of sexual selection on fit-
ness components at the level of individuals,
relatively few studies have investigated the
effects of sexual selection at the population
or species level. Here we test the prediction
that population size, distribution range and
northernmost and southernmost distribu-
tion limits differ between species that vary
in the intensity of sexual selection. We used
sexual dichromatism as a proxy for sexual
selection, given that mating success (Gon-
tard-Danek & Maoller 1999) and fertilization
success are positively related to sexual di-
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chromatism within species (Moller & Ninni
1998). Similar patterns also occur among
species (Andersson 1994, Moller & Birk-
head 1994, Petrie et al. 1998). If sexual
selection imposed significant average costs
upon individuals of a species, we would
expect population size more often to be
suppressed in sexually dichromatic than in
monochromatic species. Likewise, if such
costs of sexual signals were present at the
population level, we would expect marginal
populations of sexually dichromatic spe-
cies more often to go extinct (Doherty et al.
2003), resulting in a reduction in range size
of sexually dichromatic species. We tested
these predictions by analyzing range size
and population size of the breeding birds of
the Western Palaearctic because reliable in-
formation is readily available for the entire
fauna. We have chosen range size and popu-
lation as proxies of the effects of sexual se-
lection at the species level, because these
traits can be measured in a standard way in
a large number of species We assume that
interspecific differences in range size, dis-
tribution limits and population size reflect
the outcome of population processes that
occur due to local extinction risk and demo-
graphic stochasticity that may be affected
by the interspecific variance in reproductive
success.

Sexual coloration can be based on pig-
ments or structural color, and pigment-based
coloration can be due to carotenoids or me-
lanins. Previous studies have implicated
such pigments in various physiological func-
tions such as free radical scavenging and im-
mune function (e.g. McGinness et al. 1970,
Krinsky 1989, 1998, Rozanowska et al.
1999, Moller et al. 2000, Moreno & Meller
2006), suggesting a trade-off between plum-
age coloration and physiological function.
Therefore, we assessed sexual dichromatism

for carotenoid and melanin based coloration
to test explicitly if the population consequen-
ces of sexual selection differed between
these two pigment categories.

Materials and methods

Study species

We included all bird species with a main
breeding distribution within the Western
Palaearctic (Cramp & Perrins 1977-1994)
that resulted in a sample of 526 birds.

Sexual dichromatism

We scored the breeding plumage of all spe-
cies as sexually monochromatic if males and
females did not differ in coloration accord-
ing to information provided by the descrip-
tions in Cramp and Perrins (1977-1994),
and otherwise as sexually dichromatic.
This procedure was repeated separately for
carotenoid- and melanin-based coloration.
We distinguished carotenoid-based sexual
monochromatism and dichromatism rely-
ing on colors that were yellow, orange and
red as caused by carotenoids (see Tella et
al. 2004, Olson & Owens 2005 for similar
criteria). For melanin-based coloration we
included all colors that were brown, black
or reddish brown as typical for coloration
based on phaeo- and eu-melanin (see also
Gray 1996, Olson & Owens 2005).

Population size

Population sizes were obtained from Burfield
and van Bommel (BirdLife International
2004), who reported the total number of bree-
ding pairs in the Western Palaearctic west of
the Ural Mountains, estimated in a consistent
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way from national bird census programs in all
countries. We used the mean of the minimum
and maximum estimates in that source.

Range size and distribution limits

We estimated total geographical breeding
range size as the area of the shape bounded
by the greatest span of latitude and longi-
tude of each species’ entire breeding range,
as published in Cramp and Perrins (1977-
1994). We extracted the northernmost,
southernmost, easternmost and westernmost
distribution limits for the entire breeding
range to the nearest 0.1 degree from the dis-
tribution maps in Cramp and Perrins (1977—
1994). To take into account the curvature of
the earth (which was assumed to be spheri-
cal), this area was estimated by the equation
Area = R* x (Longitude, — Longitude,) x
(sin(Latitude ) — sin(Latitude,)) where R is
the radius of the earth (6366.2 km) and lati-
tude and longitude are expressed in radians.
We used the northernmost and the southern-
most distribution limits as estimates of dis-
tribution limits.

In widespread species Old and New World
ranges were calculated separately and sub-
sequently summed in order to obtain more
precise estimate on range sizes at the global
level. The method over-estimates the real
geographical range, but the error should be
random with respect to the variables under
test. Estimates of area were strongly posi-
tively correlated with geographical range
size as calculated by counting one-degree
grid cells overlain on published distribu-
tion maps for a sample of 20 Palaearctic and
Nearctic bird species (r = 0.87, P < 0.001),
and with range size as reported for a sam-
ple of 11 threatened species (Stattersfield &
Capper 2000) (r = 0.98, P <0.001, based on
log-transformed data). Likewise, estimated

range sizes based on the equation above
were strongly positively correlated with es-
timates based on image analysis of breeding
distributions of birds in the Western Palae-
arctic as reported in the electronic version of
Cramp and Perrins (1977-1994) (r = 0.52,
N =060, P<0.001, Maller ef al. unpublished
information).

The entire data set is provided in the ap-
pendix.

Comparative analyses

Analyses of comparative data based on spe-
cies may provide misleading conclusions,
if sister taxa are more similar with respect
to the variables under investigation than
randomly chosen species, and if species
richness differs considerably between cate-
gories of species such as monochromatic
and dichromatic species. We used statisti-
cally independent standardized linear con-
trasts (Felsenstein 1985), which controls for
similarity among species due to common
descent to test the predictions. Contrasts
were calculated using the software of Purvis
and Rambaut (1995), implemented in the
computer program CAIC. Standardization
of contrast values was checked by examina-
tion of absolute values of standardized con-
trasts versus their standard deviations (Gar-
land 1992, Garland et al. 1992). Plotting the
resulting contrasts against the variances of
the corresponding nodes revealed that these
transformations made the variables suitable
for regression analyses.

We log'’-transformed distribution area
and population size before analyses.

Given that sexual dichromatism was a
dichotomous variable we used the Brunch
procedure in CAIC to identify all indepen-
dent contrasts for nodes where transitions
occurred in sexual dichromatism. At these
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nodes positive contrasts in breeding distri-
bution or population size imply that they
vary in the same direction as sexual dichro-
matism. Using a t-test, we tested whether
the mean of these contrasts differed from
zero, as expected for correlated evolution of
traits. To address problems of outlier con-
trasts, we analyzed the distribution of con-
trasts with a non-parametric test (Signed-
rank test), which provided equivalent results
to those obtained from parametric tests. As
more breeding pairs may be present if the
distribution range is larger, we also calcu-
lated population size while controlling for
breeding distribution. We controlled statisti-
cally for this problem in a phylogenetically
adjusted regression model of population size
on breeding density. For this phylogeneti-
cally adjusted regression, using the Crunch
procedure in CAIC, we regressed contrasts
for the two continuous variables through the
origin. Then, we fitted the slope to the raw
species data, and calculated residuals from
this regression line. These residuals, repre-
senting breeding density, were later ana-
lyzed by using the Brunch procedure to test
for any effect of sexual dichromatism.

To determine the strength and direc-
tion of the relationship between dichroma-
tism and distribution and population size,
we estimated effect sizes (such as Cohen’s
sensu Cohen 1988), and the associated 95%
confidence intervals (CI) for each particular
phylogenetic relationship. We preferred re-
porting and focusing on effect sizes, instead
of using Bonferroni correction and signifi-
cance levels, because the latter approach has
been criticized in the field of ecology and be-
havioural ecology due to mathematical and
logical reasons (Perneger 1998, Moran 2003,
Nakagawa 2004, Garamszegi 2006). There-
fore, to balance between Type I and II errors,
we followed the recent recommendations of

Nakagawa (2004), who emphasized the im-
portance of unbiased reports of effect sizes.
We used the software Comprehensive Meta
Analysis (BioStat, 2000, http://www.meta-
analysis.com/) to calculate effect sizes and
corresponding confidence intervals (CI).
Comparative analyses rely on a phyloge-
netic hypothesis for identifying independent
contrasts due to a transition from one kind
of sexual coloration to another. We used a
composite phylogeny created by using in-
formation from Sibley and Ahlquist (1990).
This phylogeny for higher taxa was supple-
mented with information from other sources
to resolve relationships between species
(Randi ef al. 1991a, b, Sheldon et al. 1992,
Seibold et al. 1993, Sheldon & Winkler
1993, Suhonen et al. 1994, Wittmann et al.
1995, Blondel et al. 1996, Badyaev 1997,
Leisler et al. 1997, Slikas 1997, Cibois &
Pasquet 1999, Kimball et al. 1999, Sven-
sson & Hedenstrom 1999, Voelker 1999,
Johnson & Clayton 2000, Kennedy et al.
2000, Sheldon et al. 2000, Geffen & Yom-
Tov 2001, Johnson et al. 2001, Mpller et al.
2001, Barker et al. 2002, Dimcheff et al.
2002, Donne-Goussé et al. 2002, Broders et
al. 2003, Riesing et al. 2003, Cibois & Crac-
raft 2004, Kruckenhauser et al. 2004, Tho-
mas et al. 2004, Voelker & Spellman 2004,
Lerner & Mindell 2005, Webb & Moore
2005). We applied branch lengths from the
phylogeny of Sibley and Ahlquist (1990) for
higher taxonomic levels. Within families the
distance between different genera was set to
3.4 AT, H units, and between species within
generato 1.1 AT, H units (Sibley & Ahlquist
1990, Bennett & Owens 2002). The phylo-
genetic hypothesis for the 526 species used
in the comparative analyses is available in
“nexus” format as supplementary material.
Availability of information for different
variables varied, and hence sample sizes
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differed for the statistical tests. Although we
had a huge sample size in terms of number
of species, when using the Brunch proce-
dure, contrasts could be calculated for nodes
only, where transition (from 0 to 1 or from
1 to 0) occurred in sexual dichromatism.
These transition events are the focus of the
current study.

Results

Analyzing transitions from monochromatic
to dischromatic coloration, we failed to find
strong effects for the relationship between
range size and sexual dichromatism (Table
1). That was also the case when the analysis
was restricted to melanin-based sexual di-
chromatism (Fig. 1, Table 1). In contrast, we

detected strong effects for a phylogenetic
pattern, with range size being larger for taxa
with sexually dichromatic carotenoid-based
coloration compared to taxa with mono-
chromatic coloration (Fig. 1, Table 1).

The association between carotenoid-based
sexual dichromatism and range size was due
to an increase in the northernmost distribution
limit, whereas the southernmost distribution
limit did not show strong differences between
monochromatic and dichromatic species (Fig.
1, Table 1). In contrast, there was no such ef-
fect at a robust magnitude for melanin-based
sexual dichromatism or for overall sexual di-
chromatism (Fig. 1, Table 1).

Effect sizes corresponding to overall
population size and density were generally
small, indicating that these traits did not ap-
pear to differ considerably between mono-

Fig. 1. Mean (SE) contrasts associated with carotenoid-based and melanin-based sexual dichroma-
tism and range size, northernmost and southernmost distribution limit, population size, and
density. Numbers are sample sizes.

1.dbra Az egyes véltozdkra (elterjedési teriilet, legészakabb és legdélebb elterjedési hatarvonal,
populdcioméret és denzitds) szamolt atlagos (SE) standardizalt kontrasztok eloszlasa a k-
16nb6z6 karotin és melanin alapu dikromatizmus csoportokban. A szdmok a mintaelemsza-
mokat jelzik.

5
O Carotenoid-based dichromatism
4
W Melanin-based dichromatism
3
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Variable Ef;ice:cns,;zde Upper Cl | LowerCl t P
Sexual dichromatism
Range size -0420 | -1.051 0.174 t,,=-143 0.161
Northernmost distribution limit 0.020 -0.572 0.614 t,, = 0.07 0.941
Southernmost distribution limit -0.020 -0.614 0.572 t,,=-0.06 0.955
Population size 0.000 -0.614 0.614 t,,=-0.02 0.986
Density -0.120 -0.749 0.497 t,,=-0.39 0.697
Melanin-based sexual dichromatism
Range size -0.431 -1.063 0.164 t,,=-146 0.151
Northernmost distribution limit -0.085 -0.689 0.511 t,,=-028 0.778
Southernmost distribution limit -0.028 -0.629 0.570 t,,=-0.11 0.916
Population size -0.275 -0.916 0.339 t,,=-0.90 0.371
Density -0.153 -0.784 0.464 t,,=-0.50 0.618
Carotenoid-based sexual dichromatism
Range size 1.077 0.132 2.244 t, = 247 0.022
Northernmost distribution limit 1.072 0.150 2.203 t,= 251 0.020
Southernmost distribution limit 0.057 -0.843 0.967 t,= 0.13 0.899
Population size 0.720 -0.220 1.815 t,= 161 0.123
Density 0.466 -0.494 1.532 t,= 1.02 0.323
Table 1.  Effect sizes and associated 95% confidence intervals (Cl) for the relationship between

1. tdabldzat

sexual dichromatism and population size and range size, respectively. Effect sizes are
calculated for statistical analyses of standardized linear contrasts. Effect size conventions:
d = 0.20 small effect, d = 0.50 medium effect, d = 0.80 large effects (Cohen 1988). Signs
of effects indicate whether the evolutionary changes in dichromatism and population
parameters occurred in parallel (+) or in opposite directions (-)

A vizsgalt kapcsolatokra szamolt statisztikai 0sszefliggések er6ssége (effect size) és az
azokhoz tartozé 95%-os konfidencia intervallum. Az effect size metrikdk a standardizalt
linedris kontrasztokon alapulé statisztikai analizisekbél erednek. Effect size konvenciok:
d = 0.20 gyenge hatas, d = 0.50 kdzepes hatds, d = 0.80 erés hatas (Cohen 1988). Az
eléjelek azt mutatjak, hogy az adott evolucids valtozasok a dikromatizmus valtozasaval
parhuzamosan (+) vagy ellentétes (-) iranyban torténnek

chromatic and dichromatic taxa, or between
melanin-based and carotenoid-based sexual
dichromatism (Fig. 1, Table 1).

Discussion

The present comparative study of sexual di-
chromatism in birds and population size and
range size, respectively, did not show large

differences between monochromatic and di-
chromatic species. However, when we dis-
tinguished between carotenoid- and melanin-
based coloration, there was evidence of clear
relationships for carotenoid-based color. Spe-
cies that were sexually dichromatic for carote-
noid-based coloration had larger distributions,
particularly due to more northern distribution
limits compared to sexually monochromatic
species. In contrast, there was no significant
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difference between sexual monochromatism
and dichromatism for melanin-based colora-
tion. Population size and population densities
were not found to differ significantly between
sexual monochromatism and dichromatism,
suggesting that species of birds with sexually
dichromatic carotenoid-based coloration do
not have significantly smaller population siz-
es or densities than sexually monochromatic
species. These effects imply that species-spe-
cific effects of sexual coloration on range size
depend on pigments involved in producing
coloration.

Total breeding range size was larger when
there was a transition from sexual mono-
chromatism to sexual dichromatism for
carotenoid-based coloration, but not when
there was a similar transition for melanin-
based coloration. This finding for caroteno-
id-based coloration was robust, as the cor-
responding effect size was larger than one
(Table 1), indicating an explanatory power
of 23% on the variance in carotenoid-based
dichromatism (Table 1). This result is not
consistent with the prediction that sexual
selection imposes fitness costs on the ave-
rage individual in a population (Andersson
1994) because that prediction should have
produced a negative relationship. Given
that the positive relationship only existed
for species with sexual dichromatism for
carotenoid-based coloration, but not for
melanin-based coloration, it seems likely
that the difference can be attributed to dif-
ferences in the function of these two catego-
ries of pigments. Carotenoids play a major
role in free-radical scavenging and immune
regulation and stimulation (Ames 1983,
Bendich 1989, Krinsky 1989, 1998, Chew
1996, Edge et al. 1997, Moller et al. 2001).
Circulating levels of carotenoids in blood
are positively related to the extent of sexual
dichromatism in birds (Cassey et al. 2005,

Tella et al. 2004), suggesting that the level
of physiological function of carotenoids is
directly reflected by the external phenotype.
The effect of carotenoids as antioxidants is
important, but less important than that of vi-
tamins A and E (Hartley & Kennedy 2004),
whereas it is likely that the role of carote-
noids in immune function is particularly
important. Melanins may also act as free
radical scavengers (McGinness et al. 1970,
Rézanowska et al. 1999, Moreno & Mgller
2006). In addition, melanin-based coloration
may also be indicative of overall antioxidant
status of the underlying tissue because only
high concentrations of antioxidants allow
melanocytes to migrate to feathers and soft
tissue before depositing melanin (Bowers et
al. 1994, 1999). We hypothesize that the dif-
ferent relationships between sexual dichro-
matism and range size for carotenoid-based
and melanin-based coloration depend on
these differences in physiological functions
of the two categories of pigments.

We found strong evidence for a positive
relationship between sexually dichromatic
carotenoid-based coloration and northern-
most distribution limits, but not southern-
most distribution limits. Northernmost limits
in the northern hemisphere are assumed to
be determined by abiotic factors such as cli-
mate (Grinnell 1917, Orton 1920, Setchell
1920, Root 1988a, b), while southernmost
distributions presumably are regulated by
biotic interactions such as competition and
parasitism (Connell 1961, MacArthur 1972,
Davis et al. 1998, Sax et al. 2002). The as-
sociation between northernmost distribution
and carotenoid-based sexual dichromatism
suggests that carotenoids may play an im-
portant role in coping with extreme abiotic
conditions as found in the North.

We found no evidence of a significant
association between sexual dichromatism
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and population size. Given the association
between carotenoid-based sexual dichroma-
tism and range size, but the absence of an
effect on population size, we would a priori
expect a difference in population density
between these two categories of species.
However, that was not the case (Table 1),
suggesting that density-dependent effects
on competition, predation and parasitism
would not differ between sexually dichro-
matic and monochromatic species with
carotenoid-based coloration. Doherty et al.
(2003) did not distinguish between carote-
noid-based and melanin-based coloration
in their analyses of sexual dichromatism
and dynamics of bird populations in North
America. It would be interesting to test if
the population effects of sexual dichroma-
tism differed between carotenoid-based and
melanin-based sexual dichromatism as sug-
gested by our study.

Given that the approach we used in this
study is merely correlation, we cannot ex-
clude that the results are due to some un-
measured variables. Several life history traits
may affect both distribution ranges and the
intensity of sexual selection, which would
undermine the causal relationship between
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Appendix

Breeding range, northernmost and southernmost distribution limits, population size, and carotenoid- and
melanin-based sexual monochromatism (0) and dichromatism (1) of breeding birds from the Western
Palaearctic. See Material and methods for sources.

Melléklet

Elterjedési terlilet, legészakabb és legdélebb elterjedési hatarvonal, populdciéméret, denzitas, karotin
és melanin alapu ivari monokromatizmus (0) és dikromatizmus (1) a nyugati Palearktikus zéonaban kolté
madarfajoknal. Forrasokért lasd a mddszertani részt.

Species raBan:(zll(rEZ) Nlimit S limit Population Melanin  Carotenoid Dichrom
Accipiter brevipes 4986692 5173 377 5150 1 0 1
Accipiter gentilis 85849275  70.31 35 185000 1 0 1
Accipiter nisus 59603419 70 35 395000 1 0 1
Acrocephalus agricola 15233035  56.36 35 675000 0 0 0
Acrocephalus arundinaceus 72532661 62.5 35 2200000 0 0 0
Acrocephalus brevipennis 0 0 0
Acrocephalus dumetorum 41083168  66.33 35 3500000 0 0 0
Acrocephalus melanopogon 20376220 498 35 225000 0 0 0
Acrocephalus paludicola 6111856  56.85 458 16000 0 0 0
Acrocephalus palustris 15087288 63.93 36.96 5000000 0 0 0
Acrocephalus schoenobaenus 22251413 7063  37.17 5900000 0 0 0
Acrocephalus scirpaceus 28303507  64.64 35 3850000 0 0 0
Acrocephalus stentoreus 124263315  47.62 35 0 0 0
Aegithalos caudatus 58625883  70.33 35 8500000 0 0 0
Aegolius funereus 42058353 69 36.19 230000 0 0 0
Aegypius monachus 24840025 45.2 35 1850 0 0 0
Alaemon alaudipes 25932168 3545 35 1 0 1
Alauda arvensis 52936591 71.16 35 60000000 0 0 0
Alca torda 22771938 76 4238 600000 0 0 0
Alcedo atthis 129925253  60.71 35 119500 1 0 1
Alectoris barbara 6576177  41.17 35 13750 1 0 1
Alectoris chukar 20814845 50 35 1280000 1 0 1
Alectoris graeca 2380729 4786 36.11 59000 1 0 1
Alectoris rufa 2543626 493  36.09 3250000 1 0 1
Alle alle 15305102  81.75 60 27500000 0 0 0
Ammomanes cincturus 21286928 3546 35 0 0 0
Ammomanes deserti 31819081  36.81 35 0.165 0 0 0
Anas acuta 75773492 7063 41.82 340000 1 0 1
Anas clypeata 69906543  68.17  36.96 190000 1 0 1
Anas crecca 80853819 7031  35.83 1060000 1 0 1
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Species raBr:ZZC:Il(r:gz) Nlimit S limit Popsuilzztlon Melanin ~ Carotenoid Dichrom
Anas penelope 25639400 70.63 50 330000 1 0 1
Anas platyrhynchos 118317547  71.09 35 4200000 1 0 1
Anas querquedula 35857348 65.67 36.96 490000 1 0 1
Anas strepera 62053837 66.33  36.22 78000 1 0 1
Anser albifrons 23552110  75.27 57.5 67000 0 0 0
Anser anser 51496171  71.11 35 155000 0 0 0
Anser brachyrhynchos 3111481  80.14 63.93 59500 0 0 0
Anser erythropus 3989674 7048 6533 0.345 0 0 0
Anser fabalis 21544124 7339 5091 140000 0 0 0
Anthreptes metallicus 6584564 35 35 1 0 1
Anthreptes platurus 12075301 35 35 1 0 1
Anthus berthelotii 277684 35 35 60000 0 0 0
Anthus campestris 55732972  59.64 35 1450000 0 0 0
Anthus cervinus 20597343  71.17 52 2000000 0 1 1
Anthus gustavi 29537788 7273 4181 5500 0 0 0
Anthus hodgsoni 46149324 66 35 37500 0 0 0
Anthus novaeseelandiae 175722189  63.64 35 0 0 0
Anthus pratensis 19961896 71.17 40.83 11500000 0 0 0
Anthus spinoletta 58944503 75 35 1520000 0 0 0
Anthus trivialis 43026566  70.5 35 34500000 0 0 0
Apus affinis 131610822  37.17 35 1700 0 0 0
Apus apus 44557537 70 35 11950000 0 0 0
Apus caffer 54478159  37.61 35 0.13 0 0 0
Apus melba 87114000 48 35 235000 0 0 0
Apus pallidus 22582503 456 35 99500 0 0 0
Apus unicolor 287145 35 35 6250 0 0 0
Aquila adalberti 231533 4125 37.22 0.177 0 0 0
Aquila chrysaetos 125774721 70.16 35 9700 0 0 0
Aquila clanga 22871979 6533  39.09 0.955 0 0 0
Aquila heliaca 18651961  58.18 35 1125 0 0 0
Aquila nipalensis 22944219 5238 35 12500 0 0 0
Aquila pomarina 30050752 59.73 35 16500 0 0 0
Ardea cinerea 174570058  68.67 35 250000 0 0 0
Ardea purpurea 155278503  53.14 35 35500 0 0 0
Ardeola ralloides 74517607 49.8 35 22500 0 0 0
Arenaria interpres 3182088 8333 5442 57500 0 0 0
Asio flammeus 178060822 7047 3891 119000 0 0 0
Asio otus 135709736 67 35 0 0 0
Athene noctua 73165616  57.64 35 930000 0 0 0
Aythya ferina 30655029 66 3633 325000 1 0 1
Aythya fuligula 42202535 70.16 39 805000 1 0 1
Aythya marila 47354956 7063 4842 185000 1 0 1
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Species raBr:ZZC:Il(r:gz) Nlimit S limit Popsuilzztlon Melanin ~ Carotenoid Dichrom
Aythya nyroca 21338265 5431 35 15000 1 0 1
Bombycilla garrulus 17809458 7033 5091 415000 1 1 1
Bonasa bonasia 35793103 69 38.18 2800000 1 0 1
Botaurus stellaris 145257380  61.73 35 44000 0 0 0
Branta bernicla 30327267 8333 60 1650 0 0 0
Branta leucopsis 3110672 80 69.5 47500 0 0 0
Bubo bubo 94837463  69.67 35 28500 0 0 0
Bubulcus ibis 263346036 4643 35 102000 0 0 0
Bucanetes githagineus 25504270 419 35 16000 0 1 1
Bucanetes mongolicus 16255585 50.9 35 2760 0 1 1
Bucephala clangula 48836042 7031 44 540000 1 0 1
Bucephala islandica 27958081 6632  39.26 0.55 1 0 1
Bulweria bulwerii 46406721 3744 35 8000 0 0 0
Burhinus oedicnemus 62584206  54.31 35 62000 0 0 0
Buteo buteo 80859225  67.33 35 955000 0 0 0
Buteo lagopus 37620746 7125 5474 58500 0 0 0
Buteo rufinus 35371740  53.66 35 11850 0 0 0
Calandrella brachydactyla 33632687  52.69 35 10650000 1 0 1
Calandrella rufescens 31693703  50.96 35 2800000 0 0 0
Calcarius lapponicus 25955434 82 5217 8400000 1 0 1
Calidris alba 19746119 83 6286 37500 0 0 0
Calidris alpina 45810423 7692 5039 435000 0 0 0
Calidris canutus 8133350 83 6182 22500 0 0 0
Calidris maritima 20683254 81.75 5833 51500 0 0 0
Calidris minuta 4188252 7641 67.27 253000 0 0 0
Calidris temminckii 10498393  71.25 60 252500 0 0 0
Calonectris diomedea 17232144 43.13 35 280000 0 0 0
Caprimulgus europaeus 39661425 63.93 35 735000 0 0 0
Caprimulgus ruficollis 2799658  42.92 35 65500 0 0 0
Carduelis cannabina 35387965 66 35 19000000 0 1 1
Carduelis carduelis 42127228  63.57 35 20500000 0 1 1
Carduelis chloris 33683563  70.31 35 23000000 1 1 1
Carduelis flammea 38772112 76 4417 13900000 0 1 1
Carduelis flavirostris 42733807 71.25 35 465000 0 1 1
Carduelis hornemanni 39828582 82 5636 132000 0 1 1
Carduelis spinus 48827224 70 35 14000000 1 1 1
Carpodacus erythrinus 56635635  67.67 35 4550000 0 1 1
Carpodacus rubicilla 13840898  51.82 35 7550 0 1 1
Carpodacus synoicus 8760831 38.1 35 0 1 1
Carpospiza brachydactyla 7427782 40 35 0 0 0
Catharacta skua 58138003 66.17 57.59 16000 0 0 0
Cepphus grylle 69606205 81.75 42.86 215000 0 0 0
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Species raBr:ZZC:Il(r:gz) Nlimit S limit Popsuilzztlon Melanin ~ Carotenoid Dichrom
Cercomela melanura 4572806 35 35 0 0 0
Cercotrichas galactotes 42362514  47.62 35 64000 0 0 0
Certhia brachydactyla 11981649  55.74 35 6200000 0 0 0
Certhia familiaris 52296727 7033 35 8350000 0 0 0
Cettia cetti 22945867  52.69 35 1100000 0 0 0
Charadrius alexandrinus 147247583  57.78 35 28500 0 0 0
Charadrius dubius 133225270  68.33 35 175000 1 0 1
Charadrius hiaticula 49403011 8333 47.8 170000 1 0 1
Charadrius morinellus 39507955 7328  42.08 26500 1 0 1
Chersophilus duponti 3171643 425 35 14000 0 0 0
Chlamydotis undulata 33255952 50.9 35 0.545 1 0 1
Chlidonias hybrida 153779188  51.92 35 64500 0 0 0
Chlidonias leucopterus 28419393 58.1 35 142000 0 0 0
Chlidonias niger 36059966  62.86 36.3 126500 0 0 0
Ciconia ciconia 38978214  59.73 35 200000 0 0 0
Ciconia nigra 156543483  63.08 35 9900 0 0 0
Cinclus cinclus 32649233  71.17 3545 250000 0 0 0
Circaetus gallicus 51628656  60.36 35 10700 0 0 0
Circus aeruginosus 216191419 66 35 116500 1 0 1
Circus cyaneus 183998444 7031 37.78 45500 1 0 1
Circus macrourus 9449299 5591  39.39 0.755 1 0 1
Circus pygargus 24877885  60.71 35 50000 1 0 1
Cisticola juncidis 163848711  51.15 35 665000 0 0 0
Clamator glandarius 59374967 4479 35 67500 0 0 0
Clangula hyemalis 49483737 8222 51.71 720000 1 0 1
Coccothraustes coccothraustes 46328895 62.5 35 3300000 1 0 1
Columba bollii 19145 35 35 6250 0 0 0
Columba junionae 19145 35 35 1750 0 0 0
Columba livia 10211159 70 35 12150000 0 0 0
Columba oenas 31125952 65 35 625000 0 0 0
Columba palumbus 42222969 6733 35 13000000 0 0 0
Columba trocaz 686 35 35 10550 0 0 0
Coracias garrulus 27947574 60.5 35 81500 0 0 0
Corvus corax 116351764 81 35 710000 0 0 0
Corvus corone 57070552  71.17 35 12000000 0 0 0
Corvus frugilegus 47448563  65.33 35 14000000 0 0 0
Corvus monedula 31652899  66.36 35 10100000 0 0 0
Corvus ruficollis 43735051 3543 35 0 0 0
Coturnix coturnix 138134721  61.25 35 3750000 1 0 1
Crex crex 24591322 68 40.83 1650000 0 0 0
Cuculus canorus 79987916 7047 35 6400000 0 0 0
Cuculus saturatus 82337843 5045 35 375000 0 0 0
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Cursorius cursor 44734680 40 35 0.36 0 0 0
Cyanopica cyanus 1669659  53.91 35 360000 0 0 0
Cygnus columbianus 24434047 7238 5545 10000 0 0 0
Cygnus cygnus 32594300 70 4558 18500 0 0 0
Cygnus olor 30854760 6241 35.92 103000 0 1 1
Delichon urbica 86520645 7033 35 16950000 0 0 0
Dendrocopos leucotos 62001980 64.82 35 365000 0 1 1
Dendrocopos major 79065128  68.67 35 15000000 0 1 1
Dendrocopos medius 14754778 58.7 35 225000 0 1 1
Dendrocopos minor 45996198  70.63 35 775000 0 1 1
Dendrocopos syriacus 9427112 51.54 35 815000 0 1 1
Dryocopus martius 54009695 69.33 35 1070000 0 1 1
Egretta alba 256307748 50 35 17500 0 0 0
Egretta garzetta 180897650  49.08 35 81000 0 0 0
Elanus caeruleus 137707888  40.73 35 1405 0 0 0
Emberiza aureola 29976359  68.17 40 60000 1 1 1
Emberiza brunciceps 8171900 494 35 0.625 1 0 1
Emberiza buchanani 14835912  51.82 35 13200 1 0 1
Emberiza caesia 1979136  41.04 35 185000 1 0 1
Emberiza cia 21375695 51.82 35 2700000 1 0 1
Emberiza cineracea 470123 3935 36.74 5200 1 0 1
Emberiza cirlus 10526563  51.73 35 3600000 1 1 1
Emberiza citrinella 26826063 7044 3891 24500000 1 1 1
Emberiza hortulana 27681228  67.5 35 10600000 1 0 1
Emberiza leucocephalos 26353704  68.89 35 0.075 1 0 1
Emberiza melanocephala 10976526  47.8 35 6050000 1 1 1
Emberiza pallasi 17872157 7143 4522 115000 1 0 1
Emberiza pusilla 11732608 7029 5636 6500000 0 0 0
Emberiza rustica 19690540 6867 509 8050000 1 0 1
Emberiza schoeniclus 55690608  71.18 35 6800000 1 0 1
Emberiza striolata 23851423 35.65 35 1 0 1
Eremalauda dunni 14348353 35 35 0 0 0
Eremophila alpestris 59723033 73.83 35 4400000 1 1 1
Eremophila bilopha 10175943  36.14 35 1 1 1
Eremopterix nigriceps 36523947 35 35 1 0 1
Erithacus rubecula 38251134 70 35 63000000 0 0 0
Falco biarmicus 61373886 4438 35 0.69 1 0 1
Falco cherrug 28545648  59.09 35 0.45 1 0 1
Falco columbarius 60142061  71.09 42 1 0 1
Falco eleonorae 6491767  43.13 35 6050 1 0 1
Falco naumanni 30494411 57.27 35 33500 1 0 1
Falco peregrinus 414461752  75.37 35 18500 1 0 1
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Falco rusticolus 49680402 8333 5159 1800 1 0 1
Falco subbuteo 66368745  66.65 35 95500 1 0 1
Falco tinnunculus 202451931  70.63 35 415000 1 0 1
Falco vespertinus 16355333  64.11 4292 32500 1 0 1
Ficedula albicollis 7661786 582 3891 1900000 1 0 1
Ficedula hypoleuca 31222685 70.67 35 16000000 1 0 1
Ficedula parva 35801053 65 36.84 3900000 0 1 1
Ficedula semitorquata 3083761 45 36 34000 1 0 1
Francolinus francolinus 12586362  41.04 35 12000 1 0 1
Fratercula arctica 29362245 81 4286 6500000 0 0 0
Fringilla coelebs 43879941  71.25 35 185000000 1 0 1
Fringilla montifringilla 21206352  71.25 50 17500000 1 0 1
Fringilla teydea 27935 35 35 1750 1 0 1
Fulica atra 236002248 66 35 1800000 0 0 0
Fulica cristata 47534848  37.17 35 0.08 0 0 0
Fulmarus glacialis 39811561 8189  47.8 3600000 0 0 0
Galerida cristata 83319431  57.59 35 5600000 0 0 0
Galerida theklae 25706181 4333 35 1800000 0 0 0
Gallinago gallinago 361621654  71.25 35 1415000 0 0 0
Gallinago media 12684637 7063 47.27 116000 0 0 0
Gallinago stenura 13666038 7143 5091 1750 0 0 0
Gallinula chloropus 264037374 66 1300000 0 0 0
Garrulus glandarius 70688189  69.83 35 9500000 0 0 0
Gavia arctica 52965781 7328 41.86 71500 0 0 0
Gaviaimmer 40351251 7756  41.82 1500 0 0 0
Gavia stellata 66565237 82.19 4439 62000 0 0 0
Geronticus eremita 3925676  37.07 35 15000 0 0 0
Glareola normanni 6039961 5524 41.88 3800 0 0 0
Glareola pratincola 91406600  47.62 35 14000 0 0 0
Glaucidium passerinum 26060857 67.83 4143 78500 0 0 0
Grus grus 34386572  69.67 36.52 92000 0 0 0
Grus virgo 13648596 5273 36.36 22500 0 0 0
Gypaetus barbatus 105828315  49.09 35 0.805 0 0 0
Gyps fulvus 32363011  45.58 35 20000 0 0 0
Haematopus ostralegus 46951331 7125 36.52 375000 0 0 0
Haliaetus albicilla 76333390  70.87 35 5800 0 0 0
Hieraaetus fasciatus 154645128 45 35 1010 0 0 0
Hieraaetus pennatus 32217377 56.2 35 6650 0 0 0
Himantopus himantopus 333140845 5333 35 50500 0 0 0
Hippolais caligata 24195303  63.57 35 55000 0 0 0
Hippolais icterina 21131336 70 36.84 5300000 0 0 0
Hippolais languida 7199961  44.76 35 25500 0 0 0
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Hippolais olivetorum 1845761  44.17 35 17000 0 0 0
Hippolais pallid 34296106 48 35 5000000 0 0 0
Hippolais polyglotta 5102647  50.38 35 2000000 0 0 0
Hirundo daurica 123066917  55.45 35 265000 0 0 0
Hirundo rustica 79406477 7038 35 26000000 1 0 1
Histrionicus histrionicus 62285997 72 36.3 7000 1 0 1
Hydrobates pelagicus 7903184 6339  35.65 470000 0 0 0
Hypocolius ampelinus 2789769  36.36 35 1 0 1
Irania gutturalis 6786932  43.64 35 665000 1 0 1
Ixobrychus minutus 159527643  59.91 35 90000 0 0 0
Jynx torquilla 44408201 69.5 35 940000 0 0 0
Lagopus lagopus 30623543 7095 46.82 2700000 1 1 1
Lagopus mutus 107664662  83.33 35 915000 1 1 1
Lanius collurio 10296961  66.33 35 9650000 1 0 1
Lanius excubitor 114718756 70.62 35 325000 0 0 0
Lanius isabellinus 4992568 35 35 1 0 1
Lanius minor 22100451 55 35 1060000 1 0 1
Lanius nubicus 4100048 425 35 67500 1 0 1
Lanius senator 16564816  53.85 35 840000 1 0 1
Larus argentatus 58999039 71.25 474 1525000 0 0 0
Larus armenicus 424761 4167 38.04 18500 0 0 0
Larus audouinii 2975151 4333 35 18500 0 0 0
Larus canus 41869022 71.25 47.27 1045000 0 0 0
Larus fuscus 30475763 7125 3935 325000 0 0 0
Larus genei 14672467 35 35 46500 0 0 0
Larus glaucoides 4004503 76 60 65000 0 0 0
Larus hyperboreus 30987298 8333  55.81 93500 0 0 0
Larus ichthyaetus 13106511  54.88 35 21500 0 0 0
Larus marinus 39787926 7931 3524 145000 0 0 0
Larus melanocephalus 5495226  54.31 387 220000 0 0 0
Larus minutes 17595446  68.25 4727 41000 0 0 0
Larus ridibundus 43657220 68 36.67 1850000 0 0 0
Limicola falcinellus 7777206  70.16  60.36 15600 0 0 0
Limosa lapponica 5950810 70.31  63.53 4400 0 0 0
Limosa limosa 35726624  69.33  42.86 119500 0 0 0
Locustella fluviatilis 9966148 6392 4292 3250000 0 0 0
Locustella lanceolata 23056193  68.89 409 75000 0 0 0
Locustella luscinioides 30803045  59.07 35 665000 0 0 0
Locustella naevia 24571177 66 37.14 1520000 0 0 0
Loxia curvirostra 69460520  69.17 35 9400000 0 1 1
Loxia leucoptera 23590629 69.09 41.82 1950000 0 1 1
Loxia pytyopsittacus 5803577 69.67 53.85 680000 0 1 1
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Loxia scotica 25456 5796  56.67 0.775 0 1 1
Lullula arborea 17661277  62.14 35 2300000 0 0 0
Luscinia calliope 29042344 6545 35 0.9 1 0 1
Luscinia luscinia 16872175 65 40 5300000 0 0 0
Luscinia megarhynchos 24692308 5442 35 8100000 0 0 0
Luscinia svecica 63131559  71.17 35 6150000 1 0 1
Lymnocryptes minimus 12293323 7031  55.56 44000 0 0 0
Marmaronetta angustirostris 14948033  46.67 35 0.695 1 0 1
Melanitta fusca 58407439 70.63 3848 92500 1 0 1
Melanitta nigra 51699236 7453  46.67 115000 1 0 1
Melanocorypha bimaculata 7727760  49.09 35 1600000 0 0 0
Melanocorypha calandra 23008892 51.9 35 17000000 0 0 0
Melanocorypha leucoptera 5775780 56  42.08 42500 1 0 1
Melanocorypha yeltoniensis 2256999 53.85 47.08 5500 1 0 1
Mergus albellus 23270884  69.67 47.04 6850 1 0 1
Mergus merganser 92714908 71.25 35 60500 1 0 1
Mergus serrator 77015015 732 4091 96500 1 0 1
Merops apiaster 94226129 57.5 35 740000 0 0 0
Miliaria calandra 26299101  59.26 35 14950000 0 0 0
Milvus migrans 187366916  66.33 35 82000 0 0 0
Milvus milvus 27521009 5944 35 22000 0 0 0
Monticola saxatilis 29812419  58.18 35 210000 1 0 1
Monticola solitarius 86047027  49.09 35 190000 1 0 1
Montifringilla nivalis 23133428 51.82 35 1060000 1 0 1
Motacilla alba 96194964  71.17 35 19500000 1 0 1
Motacilla cinerea 62906102  70.33 35 1170000 1 1 1
Motacilla citreola 38290500  76.36 35 365000 1 1 1
Motacilla flava 95983445  70.67 35 10950000 1 1 1
Muscicapa striata 39661505 70.5 35 18000000 0 0 0
Nectarinia osea 15450373 35 35 1 1 1
Neophron percnopterus 65013349 48.2 35 4550 0 0 0
Netta rufina 22710229 55 35 43000 1 0 1
Nucifraga caryocatactes 60803989  67.33 35 630000 0 0 0
Numenius arquata 25798929 70.63 42.71 290000 0 0 0
Numenius phaeopus 30525640  71.11 50 260000 0 0 0
Nyctea scandiaca 3804858 8333 56.19 3450 1 0 1
Nycticorax nycticorax 285640786  51.92 35 75000 0 0 0
Oceanodroma castro 66294810 35 35 4250 0 0 0
Oceanodroma leucorrhoa 51639528 67.83  40.95 0 0 0
Oenanthe alboniger 5816897  37.27 35 1 0 1
Oenanthe deserti 38780022 51.82 35 0.605 1 0 1
Oenanthe finschii 5174727 46 35 205000 1 0 1
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Oenanthe hispanica 12349014 4583 35 2350000 1 0 1
Oenanthe isabellina 21902794  51.15 35 4200000 1 0 1
Oenanthe leucopyga 17221802  36.36 35 1 0 1
Oenanthe leucura 6367277 4292 35 10050 1 0 1
Oenanthe lugens 31194386  37.27 35 1 0 1
Oenanthe moesta 8121655 3591 35 1 0 1
Oenanthe monacha 6365661  35.79 35 1 0 1
Oenanthe oenanthe 84869865 71.17 35 8800000 1 0 1
Oenanthe pleschanka 18344613 55 35 86000 1 0 1
Oenanthe xanthorprymna 5332285 41.25 35 4550 1 0 1
Oriolus oriolus 37953232 62.86 35 5250000 1 1 1
Otis tarda 23244921 5537 3522 33500 1 0 1
Otis tetrax 13465079  50.98 35 210000 1 0 1
Otus scops 31441098 58.89 35 325000 0 0 0
Oxyura leucocephala 22254147  53.02 35 0.975 1 0 1
Pandion haliaetus 267565189 70 35 9300 0 0 0
Panurus biarmicus 29551674  59.26 35 360000 1 0 1
Parus ater 67081983  67.33 35 20500000 0 0 0
Parus caeruleus 22374181 6733 35 32000000 1 1 1
Parus cinctus 26772997 7067 51.11 1285000 0 0 0
Parus cristatus 17444546 67  36.09 9050000 0 0 0
Parus cyaneus 22366148 61 3524 6950 1 0 1
Parus lugubris 7964820  46.88 35 875000 0 0 0
Parus major 124262164  70.67 35 68500000 1 1 1
Parus montanus 57808042  70.67 35 33000000 0 0 0
Parus palustris 60477603 65 35 4500000 0 0 0
Passer domesticus 92054602  71.25 35 96500000 1 0 1
Passer hispaniolensis 36844162  45.78 35 4500000 1 0 1
Passer iagoensis 72905 35 35 1 0 1
Passer moabiticus 2361777 3848 35 1950 1 0 1
Passer montanus 127746779 70.1 35 3.70E+10 0 0 0
Pelagodroma marina 24137770 35 35 61000 0 0 0
Pelecanus crispus 19199362  48.88 35 1800 0 0 0
Pelecanus onocrotalus 112271620  46.8 35 4600 0 0 0
Perdix perdix 22588135 65.67 36.96 2350000 1 0 1
Perisoreus infaustus 27954938 7033 43.64 525000 0 0 0
Pernis apivorus 24169813  66.75 35 135000 0 0 0
Petronia brachydactyla 12500 0 1 1
Petronia petronia 32839062 52.73 35 2750000 0 1 1
Petronia xanthocollis 17106070  38.04 35 1250 0 1 1
Phalacrocorax aristotelis 22003193  71.27 35 92000 0 0 0
Phalacrocorax carbo 256994846  71.27 35 340000 0 0 0
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Phalacrocorax pygmaeus 8293493 46.8 35 33500 0 0 0
Phalaropus fulicarius 23272003  79.58 65 1045 1 0 1
Phalaropus lobatus 40516880 7125 56.48 152500 1 0 1
Philomachus pugnax 21967652 7125 50 355000 1 0 1
Phoenicopterus ruber 94427924  52.38 35 57000 0 0 0
Phoenicurus erythrogaster 18962799  58.18 35 4050 1 0 1
Phoenicurus erythronotus 5412343 53.04 36 1 0 1
Phoenicurus moussieri 1885549  37.17 35 1 0 1
Phoenicurus ochruros 35108160  60.36 35 6400000 1 0 1
Phoenicurus phoenicurus 39333278 70.5 35 11400000 1 0 1
Phylloscopus bonelli 11145975 51.92 35 2450000 0 0 0
Phylloscopus borealis 53980390 70.29 35 6250000 0 0 0
Phylloscopus canariensis 60000 0 0 0
Phylloscopus collybita 57078465 70.29 35 45445000 0 0 0
Phylloscopus inornatus 36998188  67.67 35 20000 0 0 0
Phylloscopus nitidus 9042071 45 35 0 0 0
Phylloscopus sibilatrix 20758794 6833 3891 18000000 0 0 0
Phylloscopus sindianus 5398213 4354 35 195500 0 0 0
Phylloscopus trochiloides 33405236  65.33 35 13500000 0 0 0
Phylloscopus trochilus 34702775 7118 43.13 78000000 0 0 0
Pica pica 125873841  71.25 35 13250000 0 0 0
Picoides tridactylus 71576575  60.63 35 725000 0 1 1
Picus canus 102686392 64.29 35 250000 0 1 1
Picus viridis 15764792 66 35 945000 0 1 1
Pinicola enucleator 46544352 7031 35 200000 0 1 1
Platalea leucorodia 72330620 5373 35 11950 0 0 0
Plectrophenax nivalis 25494753 83 5364 1190000 1 0 1
Plegadis falcinellus 170666899  51.71 35 19000 0 0 0
Pluvialis apricaria 15646226 7125 50.69 600000 0 0 0
Pluvialis squatarola 21151630  77.27 5875 6550 0 0 0
Podiceps auritus 47747524  69.67 44.21 8650 0 0 0
Podiceps cristatus 216751787 66 35 375000 0 0 0
Podiceps griseigena 50645661 6767 37.07 44000 0 0 0
Podiceps nigricollis 143944998  58.52 35 74500 0 0 0
Polysticta stelleri 7467798 7273 59 7700 1 0 1
Porphyrio porphyrio 203357685 48 35 24000 0 0 0
Porzana parva 17089892  59.17 36.78 100500 0 0 0
Porzana porzana 30534300 65 35 190000 0 0 0
Porzana pusilla 209099178  57.87 35 1980 0 0 0
Prinia gracilis 26799729 3739 35 0 0 0
Prunella atrogularis 7555104  66.17  38.88 2000 0 0 0
Prunella collaris 43136324  57.27 35 140000 0 0 0
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Prunella modularis 18168515 7067 36.84 19000000 0 0 0
Prunella montanella 15909261 7238 5091 0.3 0 0 0
Prunella ocularis 4561671 43.54 35 22000 0 0 0
Pterocles alchata 16583502 48 35 15500 1 0 1
Pterocles orientalis 23634655 51 35 45000 1 0 1
Pterodroma feae 0.215 0 0 0
Pterodroma madeira 0.035 0 0 0
Ptyonoprogne rupestris 50741090 50 35 245000 0 0 0
Puffinus assimilis 10870919  38.04 35 6050 0 0 0
Puffinus mauretanicus 306058 40 3543 1850 0 0 0
Puffinus puffinus 7809271  63.39 35 370000 0 0 0
Puffinus yelkouan 1757944 4417 3522 23000 0 0 0
Pycnonotus leucogenys 8950084 3543 35 0 0 0
Pyrrhocorax graculus 25554494  51.82 35 220000 0 0 0
Pyrrhocorax pyrrhocorax 71209934  56.11 35 76500 0 0 0
Pyrrhula murina 0 3844 384 0.24 0 0 0
Pyrrhula pyrrhula 48033841 7031 35 10650000 0 1 1
Rallus aquaticus 61237985  66.17 35 250000 0 0 0
Recurvirostra avosetta 58.89 35 47500 0 0 0
Regulus ignicapillus 11619889  56.3 35 5000000 0 1 1
Regulus regulus 60111318  70.29 35 27000000 0 1 1
Regulus teneriffae 15000 0 1 1
Remiz pendulinus 34607944 6036 35 315000 1 0 1
Rhamphocoris clotbey 7281554 35 35 1 0 1
Rhodopechys obsoleta 21566986 50 35 4500 0 1 1
Rhodopechys sanguinea 18028831  48.18 35 605000 0 1 1
Riparia riparia 71056288  70.5 35 7450000 0 0 0
Rissa tridactyla 87063032 82 39 2550000 0 0 0
Saxicola dacotiae 824 35 35 1300 1 0 1
Saxicola rubetra 23515354 70 3717 7700000 1 0 1
Saxicola torquata 191983539  66.65 35 3300000 1 0 1
Scolopax rusticola 61514142 70.16 35 4200000 0 0 0
Scotocerca inquieta 30552038  45.71 35 0 0 0
Serinus canaria 1169421 39.2 35 60000 0 1 1
Serinus citronella 1979731 49.17 387 337000 0 1 1
Serinus pusillus 12794168  49.09 35 550000 0 1 1
Serinus serinus 17598255  59.81 35 14150000 0 1 1
Serinus syriacus 14323 35 35 0 0 1
Sitta europaea 95378950 67 35 13250000 1 0 1
Sitta krueperi 1668810 4438  36.09 125000 1 0 1
Sitta ledanti 1310 36.74 36.3 1 0 1
Sitta neumayeri 9963123 45.6 35 4050000 0 0 0
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Sitta tephronota 7093661 4273 35 61000 0 0 0
Sitta whiteheadi 3650 425 4167 3000 1 0 1
Somateria mollissima 30201352 80.83 42.86 1020000 1 0 1
Somateria spectabilis 16888563 8222  66.67 41500 1 0 1
Stercorarius longicaudus 39653124 7889  51.58 45000 0 0 0
Stercorarius parasiticus 46690152 81.75 51.11 90000 0 0 0
Stercorarius pomarinus 17351156 77.03 6545 35000 0 0 0
Sterna albifrons 206217797  65.94 35 45000 0 0 0
Sterna caspia 242849556  65.94 35 7000 0 0 0
Sterna dougallii 146908338  56.11 35 1850 0 0 0
Sterna hirundo 137032125  71.25 35 420000 0 0 0
Sterna nilotica 82533374  58.83 35 17000 0 0 0
Sterna paradisaea 66381992  81.75 50.59 700000 0 0 0
Sterna sandvichensis 55524756  59.26 39.5 106000 0 0 0
Streptopelia decaocto 84393908  69.67 35 7850000 0 0 0
Streptopelia senegalensis 97574458 4537 35 135500 0 0 0
Streptopelia turtur 49092131  63.84 35 5350000 0 0 0
Strix aluco 55876079 65 35 740000 0 0 0
Strix nebulosa 41488904  68.83 455 4400 0 0 0
Strix uralensis 41750956  68.67 35 96500 0 0 0
Sturnus roseus 11585863  54.55 35.79 134000 1 1 1
Sturnus unicolor 3716312 4375 35 2600000 1 0 1
Sturnus vulgaris 57229673 7125 35 39500000 1 1 1
Sula bassana 15246153  70.78 46 305000 0 0 0
Surnia ulula 54632344 70 3895 23600 0 0 0
Sylvia atricapilla 49004644  70.1 35 37000000 1 0 1
Sylvia borin 24656982 7031 3674 24000000 0 0 0
Sylvia cantillans 7240806 46 35 2300000 1 0 1
Sylvia communis 34153491  69.33 35 19500000 1 0 1
Sylvia conspicillata 20177769  46.2 35 310000 1 0 1
Sylvia curruca 44818321  69.67 35 6300000 0 0 0
Sylvia deserticola 1607574  37.61 35 1 0 1
Sylvia hortensis 16088720 474 35 325000 1 0 1
Sylvia leucomelaena 5398066 35 35 1 0 1
Sylvia melanocephala 12182597 46 35 5600000 1 0 1
Sylvia melanothorax 24440  35.65 35 105000 1 0 1
Sylvia mystacea 5804712  46.88 35 96500 1 0 1
Sylvia nana 42836194  49.17 35 3000 0 0 0
Sylvia nisoria 17364578 625 3895 730000 1 0 1
Sylvia rueppelli 941133 41.04 35 405000 1 0 1
Sylvia sarda 674571 4293  36.52 52000 1 0 1
Sylvia undata 4095075 51.35 35 2800000 1 0 1
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Tachybaptus ruficollis 170152125  60.18 35 134500 0 0 0
Tadorna ferruginea 38145652 57.14 35 26000 1 1 1
Tadorna tadorna 38534754  66.17 35 53500 1 1 1
Tarsiger cyaneus 53194293 68 35 15500 1 0 1
Tetrao mlokosiewiczi 517607 45 3878 84500 1 1 1
Tetrao tetrix 29140443 70 4093 2850000 1 1 1
Tetrao urogallus 23208757 3031 41.15 880000 1 1 1
Tetraogallus caspius 1994433  40.83 35 5750 1 0 1
Tetraogallus caucasicus 251888 4375 40.52 49500 1 0 1
Tichodroma muraria 26203595  49.09 35 69000 1 1 1
Tringa cinereus 21277895  72.73 49 48000 0 0 0
Tringa erythropus 5342798 7031 63.75 30500 0 0 0
Tringa glareola 22194411 70.78 50 775000 0 0 0
Tringa hypoleucos 56601323  71.25 35 1160000 0 0 0
Tringa nebularia 22863287 7031 50 117500 0 0 0
Tringa ochropus 31097993  68.83 40 565000 0 0 0
Tringa stagnatilis 13130763 6091 4438 22000 0 0 0
Tringa totanus 52792516  71.09 35 445000 0 0 0
Troglodytes troglodytes 85810285  69.33 35 31500000 0 0 0
Turdoides altirostris 225670 35 35 0 0 0
Turdoides squamiceps 5803178 35 35 0 0 0
Turdus iliacus 25824771 7117 49 18500000 0 0 0
Turdus merula 86850440 71.17 35 61000000 1 1 1
Turdus philomelos 30851069 7033 36 28000000 0 0 0
Turdus pilaris 24506818  71.17 4458 19000000 0 0 0
Turdus ruficollis 16765713 66.65 36 12500 1 0 1
Turdus torquatus 17793028 7117  36.09 490000 1 0 1
Turdus viscivorus 33724781 69 35 5200000 0 0 0
Tytoalba 419862587  57.45 35 165000 0 0 0
Upupa epops 161518909 60 35 1295000 1 0 1
Uria aalge 54241213 7889 3935 0 0 0
Uria lomvia 52613330 81 46583 2200000 0 0 0
Vanellus vanellus 37072931  70.16  35.79 2250000 1 0 1
Zoothera dauma 78736278  60.71 35 62500 0 0 0
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Abstract In a number of bird species, the sex ratio of the broods is not random, instead it is re-
lated to parental quality and environmental conditions. Several hypotheses have been proposed
to explain this phenomenon, the so called sex ratio adjustment. According to these hypotheses, sex ratio adjust-
ment is expected to evolve when the fitness benefit an offspring confers to the parents changes with ecological or
social factors in a sex-specific way. Though many correlative and experimental studies support these hypotheses,
there are still unresolved problems. In our paper, we provide details on the hypotheses related to sex ratio adjust-
ment and explanations for the differences observed in sex ratio patterns between populations and years. Finally,
we discuss the importance of sex ratio adjustment for species conservation.

Keywords: environmental effects, life-history, parental quality, sex allocation, sex ratio manipulation, species
conservation

Osszefoglalas Szamos madarfajnal kimutattak, hogy a fészekaljak ivararanya nem véletlenszer(i, hanem a sziil6i
vagy kornyezeti tulajdonsagok fliggvényében valtozik. Az ivararany-manipulacié néven ismert jelenség magya-
razatara szamos elméletet dolgoztak ki. Ezek szerint az ivararany-manipulacié azokban az esetekben alakulhat
ki az evoltcio soran, amikor a him és tojo utddok tulélése, varhatd szaporodasi sikere vagy felnevelési koltsége
eltér. Bar szamos korrelativ és kisérletes vizsgalat timogatja ezeket a hipotéziseket, vannak még az ivararany-ma-
nipulacidval kapcsolatban megoldatlan kérdések. Cikkiinkben részletesen targyaljuk az ivararany-manipulaciot
magyarazo elméleteket, valamint az ivararany-mintazatok populaciok és vizsgalati évek kozotti eltéréseinek le-
hetséges okait. Kitériink a jelenség természetvédelmi jelentdségére is.
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Introduction

It has been revealed in a number of species
that the sex ratio of the offspring is not ran-
dom, instead it is related to parental quality
and environmental conditions. These pat-
terns are suggested to be adaptive, if the sex
with the higher fitness potential is overpro-
duced. This phenomenon is called sex ratio
adjustment (or sex ratio manipulation), and
it can evolve if the following conditions are
met: (1) fitness benefit from male and female
offspring varies with parental quality and en-

vironmental conditions in a predictable and
sex-specific way; (2) the costs and benefits
associated with the adjustment have a posi-
tive balance. As the predictability of and the
difference in the fitness of male and female
offspring increases, the selection for and the
degree of sex ratio adjustment is also expec-
ted to increase (Oddie 1998, West & Sheldon
2002). Note that the net benefit of adjustment
depends on the underlying mechanisms, thus
more precise and less costly mechanisms are
more likely to evolve and they are expected
to result in more biased offspring sex ratios.
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The exact mechanisms of sex ratio ad-
justment have been undetermined so far.
However, it is possible that sex ratio ad-
justment has evolved multiple times during
phylogeny, and thus different mechanisms
are at work in different bird species. None-
theless, in birds, females have been sugges-
ted to have more opportunity to adaptively
bias the sex ratio of the offspring (Krackow
1995) for the following reasons. Female is
the heterogametic sex (i.e. females possess
two different, while males possess two si-
milar sex chromosomes), and the sex of the
offspring is determined just before ovula-
tion during the first meiotic division. In ad-
dition, fertilisation and egg formation also
take place inside the female’s body. Mani-
pulation at these early stages leads to biased
“primary sex ratio” (i.e. biased sex ratio at
egg laying). When sex ratio is altered after
egg laying, the term “secondary sex ratio
adjustment” is used. In the latter, fathers
may also be involved (e.g. via sex-specific
paternal provisioning). However, the adap-
tive value of secondary sex ratio adjustment
is questionable, since it is achieved by diffe-
rential mortality of the sexes, instead of dif-
ferential production of the sexes, which may
be beneficial under extreme conditions only
(Clutton-Brock 1991).

After molecular sex determination tech-
niques had been developed (Griffiths et al.
1998, Fridolfsson & Ellegren 1999), sexing
the offspring at early stages and thus exa-
mining primary sex ratios became possib-
le. The number of studies has been steadily
and rapidly growing since then. Today, the-
re is evidence for primary sex ratio adjust-
ment in species from half of the avian or-
ders (Pike & Petrie 2003), which suggests
that this phenomenon is quite widespread in
birds. Below, we review the hypotheses re-
lated to primary sex ratio adjustment, their

implications for conservation biology, and
discuss the potential problems arising in
this research field.

Frequency-dependence and sex
ratio

Early theories on sex ratios argued that the
most common sex ratio, that is 0.5 (i.e. the
proportion of males in the population is
0.5), is the result of frequency-dependent
selection (Diising 1884). Keeping in mind
that in sexually reproducing populations, all
the males taken together have exactly the
same number of offspring as all the females
taken together, it is easy to see that when
one sex becomes less abundant it will have
on average a greater number of offspring
than the sex in majority. Consequently, as
Diising (1884) argued, it is adaptive to pro-
duce the rare sex, because this way parents
can maximize their fitness. Such frequency-
dependent sex ratio adjustment should lead
to a population sex ratio of 0.5. However, as
Fisher (1930) pointed out, in many species
(e.g. in sexually size dimorphic species), the
costs of producing or rearing male and fema-
le offspring differ. In these species, produ-
cing the more costly sex at a population sex
ratio of 0.5 causes net fitness loss, because,
despite the larger investment, the same fit-
ness benefit is achieved as by producing the
less costly sex. When less individual of the
more costly sex is produced accordingly, its
frequency in the population declines, hence
its fitness potential increases. Finally, as a
result of frequency-dependent sex ratio ad-
justment, the proportion of the sexes in the
population will be the inverse of the pro-
portion of the production and rearing costs
of the sexes (e.g. if males cost 20% more,
there will be 20% less males in the popula-
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tion). In other words, parents, on average,
invest the same amount of energy into male
and female offspring. This argument is cal-
led the “equal investment hypothesis” or the
“Fisher-hypothesis” (Fisher 1930).

Individual variation in brood sex
ratio

The theory of Diising (1884) and Fisher
(1930) does not take into account the indivi-
dual variation in offspring sex ratio. Howe-
ver, such variation may be adaptive, because
of individual variation in factors that may inf-
luence offspring fitness in a sex-specific way.
Trivers and Willard (1973) were the first who
gave prediction for individual offspring sex
ratios. Their influential theory was developed
for polygynous mating system.

The Trivers—Willard-hypothesis (TWH)
has the following assumptions: (1) body
condition of the offspring is correlated with
body condition of the mother; (2) body con-
dition of the offspring predicts their future
reproductive success; (3) body condition has
a disproportionately greater impact on the
reproductive success of males, thus maternal
body condition has a disproportionately grea-
ter impact on the future reproductive success
of male offspring. The latter is a consequen-
ce of polygyny, since males in superior body
condition are favoured both in male-male
competition and during mate choice, resul-
ting in a skewed genetic contribution to the
next generation. It means that male reproduc-
tive success is highly variable, whereas fe-
male reproductive success is less variable. If
the above assumptions are met, one may ex-
pect that mothers in better than average body
condition overproduce sons, whereas mot-
hers in poorer than average body condition
overproduce daughters to maximize their net

fitness return. This prediction not only holds
for polygynous species, but also for many so-
cially monogamous ones. Namely, in most
bird species, extra-pair copulation and facul-
tative polygyny occur (Griffith et al. 2002),
thus the reproductive success of males may
vary more than that of females. Indeed, in the
Tree swallow (Tachycineta bicolor), where
extra-pair young add up to the 38-76% of all
the offspring (Whittingham & Dunn 2000), a
positive relationship has been found between
maternal body condition and the proportion
of sons in the brood.

The logic of the TWH can be extended to
any parental or environmental attribute that
may have sex-dependent relationship with
offspring reproductive success. Parents of
good quality, or in better breeding environ-
ment, should overproduce the sex that has a
more variable reproductive success along the
attribute of the parents or the breeding envi-
ronment, whereas parents of poor quality, or
in a poorer environment, should overprodu-
ce the sex that has a less variable reproduc-
tive success along the given attribute. Such
attributes include maternal age, maternal
mating status (i.e. primary or secondary fe-
male), paternal attractiveness (e.g. plumage
colouration), parental social rank and paren-
tal genetic quality (manifested e.g. in body
size or immune capacity), food availability,
and also timing of breeding (for a review
see Hasselquist & Kempenaers 2002). Note
that the listed attributes are not independent
from each other, making it hard to determi-
ne their relative importance in sex ratio ad-
justment. Below, we try to give an overview
about the most significant hypotheses that
follow the Trivers—Willard-logic.

Perhaps the “male attractiveness hypo-
thesis” (Burley 1981, 1986) has the clearest
theoretical background: (1) traits that de-
termine sexual attractiveness of males are
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heritable; (2) females prefer the attractive
males during mate choice; (3) attractivity
thus influences the reproductive success
of males disproportionately more than that
of females. Consequently, one may expect
that females mated to more attractive males
overproduce sons, whereas females mated
to less attractive males overproduce daugh-
ters. Quite a few studies showing a positive
correlation between feather ornamentation
and brood sex ratio support this hypothesis
(correlative studies: Collared flycatcher, Fi-
cedula albicollis, Ellegren et al. 1996, Blue
tit, Cyanistes caeruleus, Griffith et al. 2003;
experimental studies: Zebra finch, Taenio-
pygia guttata, Burley 1981, 1986, Blue tit,
Sheldon et al. 1999, Peafowl, Pavo crista-
tus, Pike & Petrie 2005). In addition, in spe-
cies, where offspring body size is correlated
with paternal body size and large body size
is preferred during mate choice, females ma-
ted to larger male often overproduced sons
(Great tit, Parus major, Kolliker et al. 1999,
Rhinoceros auklet, Cerorhinca monocerata,
Addison et al. 2008).

The mating status of the mother and the
sex ratio of the brood also correlated in
some species: broods of primary females
contained more sons than broods of secon-
dary females (Yellow-headed blackbird,
Xanthocephalus xanthocephalus, Patterson
& Emlen 1980, Oriental reed warbler, Ac-
rocephalus orientalis, Nishiumi 1998, Great
reed warbler, A. arundinaceus, Westerdahl
et al. 2000). Because males are predomi-
nantly feeding at the primary nests, and, as
a result of the polygynous mating system,
male offspring are likely to profit more from
the extra paternal investment, the observed
patterns seem to be adaptive.

Numerous studies provide evidence for the
“maturation time hypothesis” (Daan et al.
1996), which suggests that in those species,

where timing of the first breeding is sex-spe-
cifically related to the date of fledging, a shift
in the brood sex ratio during the breeding
season may be adaptive. Accordingly, in spe-
cies where the timing of the first breeding is
influenced by fledging date in males, but not
in females (e.g. the Common kestrel, Falco
tinnunculus, Dijkstra et al. 1990, the Lesser
kestrel, F. naumanni, Tella et al. 1996, and
the American kestrel, F. sparverius, Small-
wood & Smallwood 1998), male offspring
were overproduced early in the breeding sea-
son, and female offspring were overproduced
late in the breeding season. A seasonal brood
sex ratio shift in the opposite direction was
found in species, where the age at first bree-
ding is advanced by early fledging in females,
but not in males (see e.g. the Marsh harrier,
Circus aeruginosus, the Goshawk, Accipiter
gentilis, the Sparrowhawk, 4. nisus, Daan et
al. 1996).

There are examples for seasonal brood
sex ratio shift in passerines too, but in these
cases the adaptive reason may be other than
a sex-difference in maturation time. For
example, in the Eastern kingbird (7yran-
nus tyrannus), the early broods contained
disproportionately more sons, which can be
explained by the decline in recruitment pro-
bability with fledging date in males and the
lack of this relationship in females (Dolan
et al. 2009). In the Brown songlark (Cinclo-
ramphus cruralis), early broods contained a
surplus of daughters (Isaksson et al. 2010).
Although, the authors had no information
on the effect of fledging date on recruitment
probability, they argued that the pattern may
be the result of male offspring being more
sensitive to the environment or more costly
to rear (see below).

The TWH and the other hypotheses dis-
cussed above are based on sex differences
in the future reproductive success of the
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offspring. However, the net fitness benefit
through male and female offspring may also
be influenced by the sex-specific survivors-
hip of the offspring. Therefore, under un-
favourable conditions, it may be beneficial
for the mothers to produce the less sensitive
sex, when sensitivity to rearing environment
differs between male and female offspring
(Raberg et al. 2005). Hereafter, we refer to
this argument as the “sensitivity hypothe-
sis”. It is supported, for example, by some
studies on Zebra finches. Under poor food
conditions, female offspring grew slower
(Martins 2004) and, accordingly, mothers
produced male-biased broods (Bradbury &
Blakey 1998, Kilner 1998).

All the above hypotheses on brood sex ra-
tio overlook the fact that birds usually breed
multiple times during their lifetime, making
the trade-off between the current and the fut-
ure reproductive event another factor that
may influence the manipulation of brood sex
ratio. This is because, as we mentioned ear-
lier, producing or rearing male and female
offspring may impose different costs on the
parents. The relative cost of the sexes is usu-
ally estimated by the difference in their body
size or body weight (Dijkstra et al. 1998,
Ewen et al. 2001), but egg size (Cordero et
al. 2000, 2001), food provisioning rate (Su-
orsa et al. 2003) and maternal stress hormo-
ne level during rearing (Addison et al. 2008)
has also been reported to vary with offspring
sex or sex ratio. Whenever there is a differen-
ce in the amount of investment required by
male and female offspring, mothers in poorer
body condition may overproduce the less de-
manding sex to ensure their own survival and
future breeding. This is the “cost of repro-
duction hypothesis” for sex ratio adjustment
(Cockburn et al. 2002). In line with the hy-
pothesis, the smaller sex was overproduced
by mothers in poor body condition (Lesser

black-backed gull, Larus fuscus, Nager et al.
1999, Great skua, Stercorarius skua, Kalm-
bach et al. 2001, Japanese quail, Coturnix ja-
ponica, Correa et al. 2011).

In some bird species, the net fitness be-
nefit through male and female offspring is
influenced not only by sex-specific survi-
vorship and reproductive success but also
by sex-specific difference in site fidelity
(i.e. offspring of the “philopatric sex” re-
main on the natal territory, while offspring
of the “dispersive sex” leave and breed furt-
her away). The “local resource competition
hypothesis” (LRC, Cockburn et al. 2002)
says that in case of competition for limited
resources between family members, it is be-
neficial for the mothers to produce the dis-
persive sex. Indeed, such a pattern has been
found in the Western bluebird (Sialia mexi-
cana, Dickinson 2004) and in the Bell miner
(Manorina melanophrys, Ewen et al. 2003).
Theoretically, it is possible that the limited
resource is one of the sexes. This special case
is called the “local mate competition hypot-
hesis” (Hamilton 1967). The other side of
the coin is described by the “local resource
enhancement hypothesis” (LRE, Cockburn
et al. 2002). It can be applied to cooperative
breeders, where offspring of the philopatric
sex help their parents in rearing the subse-
quent broods. Accordingly, the LRE says
that as long as the presence of the helpers
provides fitness advantage for the parents,
selection favours the production of the phi-
lopatric sex. However, the fitness benefit of
the helpers is decreasing as their number is
increasing, because resources may become
limited and this means that the LRC comes
into effect. The complementary nature of
the LRC and LRE can be best illustrated by
the classical study on the Seychelles warbler
(Acrocephalus sechellensis, Komdeur et al.
1997). In this species, female offspring stay
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on the natal territory to help, while male
offspring disperse. When parents bred on
high quality territory and had few helpers,
philopatric daughters, whereas when parents
bred on low quality territory or had enough
helpers, dispersive sons were produced.

Complications of studying sex
ratio adjustment

Though each hypothesis is supported by a
number of studies, there are unresolved prob-
lems concerning sex ratio adjustment. Apart
from the lack of knowledge on the mecha-
nism, these are: (1) several studies have not
found any relationship between the examined
factors and offspring sex ratio or found a re-
lationship, which contradicts the predictions;
(2) results often differ between populations
of the same species or between study years of
the same population. The reasons behind the-
se two problems overlap. (i) Considering the
complex physiology and life-history of birds,
it is very likely that a number of factors are
involved in sex ratio adjustment, which act
simultaneously and sometimes antagonisti-
cally and thus may cancel each other’s effect
(Frank 1990, Cockburn et al. 2002). (ii) Sex
ratio adjustment is often predicted without
information on whether parental or environ-
mental quality has a sex-dependent effect on
offspring fitness in the given study popula-
tion, though this would be a prerequisite for
sex ratio adjustment (Hasselquist & Kempe-
naers 2002). (iii) It is also rarely investigated
before the authors make predictions, whether
offspring impose sex-dependent costs on the
parents. (iv) The sample sizes are often too
small to obtain results with sufficient power
(Rosivall 2008). (v) In several cases, the app-
lied methodology does not allow the correct
examination of sex ratio adjustment, or dif-

fers between studies making comparisons
difficult. (vi) The fitness benefit of sex ratio
adjustment may significantly vary with eco-
logical or social conditions, and thus the sex
ratio patterns are expected to differ between
years and populations.

Collared flycatchers provide a good
example how sex ratio patterns may differ
between populations. In a Swedish popula-
tion, males with the larger forehead patch
had male-biased broods (Ellegren et al.
1996). On the contrary, in a Hungarian po-
pulation of the species, there was no such
a relationship between male phenotype and
brood sex ratio (Rosivall et al. 2004). A li-
kely explanation for this pattern is that the
information content of male plumage cha-
racteristics differs between the two popula-
tions. Specifically, the size of the forehead
patch is condition-dependent in the Swedish
population (Gustafsson et al. 1995, Ellegren
et al. 1996), while it is not in the Hunga-
rian population (Hegyi et al. 2002), even
though it seems to be heritable at both loca-
tions (Qvarnstrém 1999, Hegyi et al. 2002).
Taking together, forehead patch size related
sex ratio adjustment may be beneficial for
Collared flycatcher females in the Swedish
population, but not or less beneficial in the
Hungarian population.

Sex ratio patterns differed also between
Blue tit populations. In a Swedish popula-
tion of the species, males with more UV ref-
lective crown had more sons, and the UV
reflectance of the crown had a positive re-
lationship with male viability (Sheldon et
al. 1999, Griffith et al. 2003). Pairs of more
viable male Blue tits biased their brood sex
ratio towards sons in another Swedish popu-
lation too (Svensson & Nilsson 1996). How-
ever, at other locations, neither male survi-
val (United Kingdom, Leech et al. 2001)
nor male crown colouration (France, Dreiss
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et al. 2006) showed relationship with brood
sex ratio. More recent results suggest that
the relationship between male crown co-
louration and brood sex ratio is even more
complex than it had been thought before. In
an Austrian Blue tit population, females bia-
sed their brood sex ratio towards sons when
paired to juvenile male with more UV ref-
lective crown or adult male with less UV
reflective crown (Delhey et al. 2007). Del-
hey et al. (2007) argued that this pattern is
consistent with the finding that the informa-
tion content of male plumage characteristics
may differ between age categories. UV ref-
lectance correlated positively with testos-
terone level among juvenile males, while
correlated negatively with testosterone le-
vel and success in siring extra-pair young
among adult males. Because of methodo-
logical differences between the studies (i.e.
interaction between crown colouration and
age was apparently not examined in the for-
mer studies), we can only speculate about
the generality of the more recent results. In
addition, methodological differences make
it difficult to interprete the lack of relation-
ship between male crown colouration and
brood sex ratio in the French population. In
this population, UV colouration was measu-
red on two superimposed feathers collected
from the crown of each male (Dreiss et al.
2006), while the other studies measured co-
louration on the crown of the living birds
(Sheldon et al. 1999, Delhey et al. 2007).
Studies on Great tit populations also yiel-
ded mixed results. In a Swiss population of
the species, male body size had a positive
relationship with the proportion of sons in
the brood (Kolliker et al. 1999), while in
a British population, using 5 years of data,
no such a relationship was found (Radford
& Blakey 2000). The latter study revealed
some significant relationships when years

were analysed separately, but strength and
direction of the relationships did not show
consistency across years (Radford & Blakey
2000). This can be either the result of the
relatively low sample sizes per year or the
yearly variation in the fitness benefits of sex
ratio adjustment.

To resolve the contradictions and to im-
prove our understanding of sex ratio adjust-
ment, studies with larger sample sizes and
consistent methods on multiple populations
and multiple years are required. However,
we have to note that even if we have such
studies, our understanding of the evolution
of sex ratio adjustment will be hampered by
the difficulty to determine the real factors
involved, because different hypotheses of-
ten give the same prediction. For instance,
according to the “male attractiveness hypo-
thesis”, pairs of more attractive males rather
produce sons, whereas pairs of less attracti-
ve males rather produce daughters. Howe-
ver, when attractivity is positively corre-
lated with body condition or the quality of
paternal care and male offspring are more
sensitive to the environment or more costly
to rear, the “sensitivity hypothesis” and the
“cost of reproduction hypothesis” predict
the same pattern, albeit the selective forces
are different in each of the three scenarios.

Implications of sex ratio adjust-
ment for species conservation

The survival chance of small populations of
endangered species may be influenced by
sex ratio adjustment. Therefore, the know-
ledge and application of the relevant theories
may significantly contribute to the success
of in situ and ex situ species conservation
programs. The measures taken in the case
of the Kakapo (Strigops habroptilus) pro-
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vide an excellent example. The Kakapo is
a sexually size dimorphic, lek polygynous,
endemic parrot of New Zealand. The num-
ber of individuals had dropped dramatically
by the 1990s, because this flightless, ground
nesting species had been an easy prey to the
introduced mammals. Moreover, predation
rate was higher for females, because only
females incubate and rear the nestlings. As
a result, the population sex ratio became
male-biased (Clout et al. 2002). In 1989, a
recovery program was started. The females
were provided with ad libitum supplementa-
ry food to increase their bodyweight above
the threshold necessary for breeding. Howe-
ver, as a result of this food regime, the body
condition of the females improved so much
that it was accompanied with male-bia-
sed offspring sex ratios (Clout et al. 2002).
Considering the larger size and the greater
variance in the reproductive success of ma-
les in this lek polygynous species, this result
perfectly fits to the prediction of the TWH,
the “sensitivity hypothesis” and the “cost
of reproduction hypothesis”. The observed
sex ratio bias was suggested to hinder po-
pulation growth and increase the risk of ex-
tinction (Robertson et al. 2006). Based on
these findings, a new food regime has been
developed that keeps female body weight
above the breeding threshold, but prevents
unbalanced offspring sex ratios (Robertson
et al. 2006).

The Eurasian treecreeper (Certhia fami-
liaris) is not an endangered species, howe-
ver, its case is very relevant because hab-
itat destruction is one of the most important
issues of conservation biology. It alters
landscape structure, the proportion of open
areas and edges, and also the composition of
the community. Therefore, members of the
community may have to breed under unfa-
vourable conditions, and this may have an

impact on offspring sex ratio. The Eurasian
treecreeper, which prefers old, continuous
and diverse forests, produced female-biased
broods when breeding in edges (Suorsa et
al. 2003). This pattern seems to be adaptive,
because the main food item of the species
was scarce in the edges of the forest frag-
ments and male nestlings being larger and
suffering higher mortality before fledging
are likely to be more costly to rear and more
sensitive to the poor environment (Suorsa et
al. 2003). Similar offspring sex ratio biases
in small habitat fragments, either due to sex-
specific sensitivity or sex-specific site fide-
lity, would increase the extinction risk of an
endangered species.

Concluding remarks

Despite the problems that have arisen con-
cerning sex ratio adjustment, this phenome-
non seems to be quite widespread in birds
(West & Sheldon 2002). Though further stu-
dies with larger sample sizes and consistent
methods on multiple populations and years
are clearly needed, the knowledge that has
accumulated up to present is already valuab-
le. For example, the application of the re-
lated theories may help to design breeding
programs and conservation measures which
promote the survival of threatened species
by optimizing offspring sex ratios (Wede-
kind 2002).
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Abstract Lice (Phthiraptera) chew characteristic holes on the remiges and rectrices of Barn swal-
lows (Hirundo rustica). The number of these holes correlate positively with the intensity of louse infestation, hence
hole counts are useful to quantify lousiness. Several papers showed that lice affect both life expectancy and repro-
ductive success of hosts. In male Barn swallows, the length of the outermost tail feathers act as a sexual signal. Fe-
males prefer long-tailed males, which have significantly fewer feather holes. In this study we sampled breeding and
migrating Barn swallows and compared their louse burden, and the relationship between tail length and the number
of feather holes. We found significant negative correlation between feather holes and tail length in breeding males;
however, we found non-significant correlation in migrating males. We suggest that attractive males have more physi-
cal interactions (e.g. extra-pair copulation) during the breeding season, than less attractive males, hence they are more
exposed to louse transmission, and therefore the difference in the infestation declines towards the end of the breeding
season. However, given that migrating swallow groups include colonial and solitary breeding birds, it cannot be ex-
cluded that a potentially different louse distribution on solitary breeding birds may contribute to the results.

Keywords: ectoparasites, lice, feather holes, extra-pair copulation, sexual selection

Osszefoglalas A fiisti fecskék (Hirundo rustica) evezs- és faroktollain a tolltetvek (Phthiraptera) karakterisztikus
lyukakat ragnak. A toll-lyukak szama korrelal a tolltetii fertdzottség intenzitasaval, igy a toll-lyukak megszamolasa-
esélyeit is csokkenti. A hosszabb sz¢ls6 faroktollu fiisti fecske himek kevésbé fertézottek, mint a révidebb farkuak,
igy a sz¢€ls6 faroktollak hossza a fert6z6ttség megbizhato jelzéseként szolgalhat a tojok szamara. Munkankban vizs-
galtuk, hogy a koltési id6szak sordn, a vonulasi iddszakra megvaltozik-e a kolté populdciokban kimutatott negativ
korrelacio a szexualis szignalok és a tolltetii-fert6zottség kozott. Koltési idészakban és vonulasi iddszakban jelolt
fiisti fecskéken 6sszehasonlitottuk a toll-lyukak gazdaegyedek kozotti eloszlasat, a fert6zottség mérészamait és dsz-
szefliggését a szexualis szignalok kifejezettségével. A koltd himeknél negativ korrelaciot talaltunk a farokhossz és
a toll-lyukak szdma kozt, a vonuld himeknél azonban ez az dsszefliggés nem volt kimutathat6. Hipotézisiink szerint
a koltési id6szak soran a ,,vonzobb” himek gyakrabban és tobb fajtarssal keriilnek fizikai kontaktusba, mint ,,kevés-
bé vonzo” tarsaik, igy ezek soran nagyobb esélyiik van tolltetvekkel fertéz6dni, ezaltal a koltési iddszak elején 1évo
fert6zottségbeli kiilonbség a vonulasi id6szakra lecsokkenhet. Ugyanakkor a mintak kiilonb6z6 dsszetétele (a vonu-
16 csapatokhoz maganyosan koltd madarak is tarsulnak) is hozzajarulhat a kapott eredményhez.
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Introduction

Lice (Insecta: Phthiraptera) are wingless,
quite host-specific obligate ectoparasites of
birds and mammals. They complete their
entire life-cycle on the body surface of their
hosts; hence their transmission requires di-
rect physical contact among host individu-
als. Price et al. (2003) summarized their
taxonomy, distribution and biology (for a
Hungarian overview see Rozsa 2003).

Feather lice chew characteristic holes on
the remiges and rectrices of Barn swallows
(Hirundo rustica) as first described by Meller
(1991) based on a strong positive correlation
between the number of feather holes and the
intensity of louse infestation. Maller (1991)
suggested that the causative agent of feather
holes is either Machaerilaemus malleus or
Mpyrsidea rustica (Phthiraptera: Amblyce-
ra), however, a more recent study found that
feather holes are more likely the chewing
traces of Brueelia domestica (Phthiraptera:
Ischnocera). Given that the diametrical size
of these holes is about 0.5-1 mm, their count
is highly repeatable, hence hole counts act as
a proxy of the intensity of louse infestation
(Meller 1991). In the recent years several
important studies in parasite ecology were
based on the feather holes of Barn swallows
(Moller 1991, Saino et al. 1997, Kose et al.
1999, Kose & Moller 1999, Garamszegi et
al. 2005, Pap et al. 2005).

The intensity of louse infestation affects
both life expectancy and reproductive suc-
cess in Barn swallows. Lice damage the
structure of important flight feathers (and
even cause feather breakage in extreme ca-
ses) by chewing feather holes. Hence, hosts
with high louse intensity may have an ae-
rodynamical disadvantage, causing higher
mortality during migration (Kose & Meller
1999, Barbosa et al. 2003, Pap et al. 2005).

Additionally, sexual selection may disfa-
vour males with high louse burden, too.
According to the theory of parasite-media-
ted sexual selection, females tend to choo-
se uninfested males to ensure the parasite-
resistant alleles for their offsprings and to
avoid parasite transmission from the mates
(Hamilton & Zuk 1982, Clayton 1991, Able
1996). In Barn swallow males, the length of
the outermost tail feathers (and the size of
white patches on the tail feathers) act as se-
xual signals for females, and — as expected
— there is a significant negative correlation
between the expression of sexual signals
and the intensity of louse infestation (Mal-
ler 1991).

Several latter studies on Barn swallows
confirmed the negative correlation between
sexual signals and louse intensity, and provi-
ded further details such as males with longer
tails arrive in better condition from spring
migration, start the breeding earlier and have
a greater chance for a second clutch during
the breeding season than males with shorter
tail feathers (Kose et al. 1999, Kose & Maol-
ler 1999, Garamszegi et al. 2005, Pap et al.
2005). Saino et al. (1997) showed that ma-
les with longer tails are more resistant aga-
inst blood parasites, than males with shorter
tails. Males with more expressed sexual sig-
nals may also be more frequently involved
in extra-pair copulations (EPC), as there are
significantly more nestlings from foreign
males (i.e. EPC-nestlings) in the clutches
of short-tailed males, than in the clutches of
long-tailed ones (Moller ef al. 2003).

However, all of the studies mentioned
above were based on observations and ex-
periments conducted in the breeding season.
There is much less known about the rela-
tionship between sexual signals and louse
infestation after breeding, during the dis-
persion and migration period. Nevertheless,
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there are hints that this co-variation may
change over the breeding season. Barbo-
sa et al. (2003) shoved that Barn swallow
males with longer tail feathers suffer from
more feather breakage until migration pe-
riod, than males with shorter tails. Another
hint that Burley et al. (1991) found a positi-
ve correlation between the expression male
sexual signals and louse infestation after the
breeding season in Zebra finches (Taeniopy-
gia guttata).

In this study we examine the relationship
between the expression of sexual signals
(tail length) and the number of feather holes
as proxy of the intensity of louse infestation,
and compared it between breeding and mig-
rating male Barn swallows to test whether
there are any changes in this relationship
over the breeding season and dispersion pe-
riod. Our hypothesis was that the negative
correlation found in the breeding season
may disappear until migration, and even the
direction of the relationship may turn to a
positive correlation; due to males with more
expressed sexual signals have more direct
physical contact with other birds (e.g. EPC,
fight), hence they are more exposed to hori-
zontal louse transmission than less attracti-
ve males.

Materials and methods

Barn swallows are excellent candidates for
ectoparasitological studies; due to semi-co-
lonial breeding, complex social life and fre-
quent body-to-body contacts the prevalence
of their ectoparasites are usually high. Birds
were ringed and sampled at Vilagospuszta
Cattle Farm (Fejér County, Hungary) in the
breeding season (May—July, 2006-2010)
and at Ocsa Bird Ringing Station (Pest
County, Hungary) in the migration period

(15. August — 13. September, 2003). Swal-
lows caught at Vilagospuszta were not sepa-
rated by years in the analyses, rather were
pooled together by representing each bird
with its first caught.

Birds were caught with mist nets and mar-
ked individually with aluminium rings. We
determined their sex and age according to
Svensson (1995), and recorded their stan-
dard biometrical measures (3 primary
length, wing length and tail length, all mea-
sured on the left side of the bird) and condi-
tion scores (Svensson 1995). Feather holes
were counted on each remiges and rectrices,
and summed thereafter in subsequent analy-
ses. Adult females and young (i.e. first ca-
lendar year old) birds were omitted from the
analyses.

Statistical analyses were carried out with
Quantitative Parasitology 3.0 (Reiczigel &
Rozsa 2005) and with R Commander (Fox
et al. 2009) package in R 2.10.1 (R Deve-
lopment Core Team 2009). Prevalences
were compared with Fisher’s exact test,
mean intensities with bootstrap-¢ test, and
median intensities with Mood’s median test
(Rozsa et al. 2000, Rozsa 2003, 2005). We
used Kendall’s fau correlation as this non-
parametric method is less sensible to the ef-
fect of outlier data points commonly present
in aggregated distributions than Spearman’s
rank correlation (Reiczigel et al. 2007). All
reported P-values are two-tailed.

Results

The distribution of the feather hole intensi-
ties among host individuals was aggregated
in both samples (variance / mean abundance
ratio > 1; Table 1), as it was expected from
parasite distributions (Crofton 1971). We
compared the prevalences, mean and me-
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breeding season migration period

prevalence 0.97 0.98

95% confidence interval 0.91-0.99 0.91-1.00
mean intensity 26.5 24.0

95% confidence interval 22.9-30.2 19.6-28.8
median intensity 23.0 19.0

95% confidence interval 18-27 13-27
variance / mean abundance ratio 13.6 14.1

Table 1.

Descriptive statistics of feather holes on Barn swallows in the samples from the breeding

season (Vildgospuszta) and from the migration period (Ocsa)
1. tdbldzat A toll-lyukak statisztikai a fészkelési (Vildgospuszta) és vonulasi idészakban (Ocsa)

dian intensities of feather holes between
Barn swallow males caught in the breeding
season (n = 97) at Vilagospuszta, and in the
migration period (n = 60) at Ocsa; however,
none of these measures differed significantly
(P=10.99, 0.39, 0.32, respectively) between
the two samples.

We found a significant negative correlati-
on between the number of feather holes and
tail length in breeding males (tau =—-0.16, P
= 0.04; Fig. 1); however we found no sig-
nificant correlation in the case of migrating
males (tau=-0.15, P=0.11; Fig. 2).

Figure 1. Relationship between tail length and the number of feather holes in breeding males
1.dbra A himek farokhossza és a toll-lyukak szama kozotti 6sszefliggés a koltési idészakban
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Discussion

We found no significant differences in preva-
lence, mean and median intensity between the
breeding and migrating males (see above).
Prevalence was quite high in both samples
(Table 1), probably due to the semi-coloni-
al breeding of the host. Rézsa et al. (1996)
showed that colonial birds are characterised
by higher ectoparasite prevalence and less
aggregated parasite distribution among host
individuals than territorial birds.

In the case of breeding males, we found a
significant negative correlation between tail
length and the number of feather holes (Fig.
1), confirming the results of previous stu-
dies carried out in the breeding season (see
e.g. Moller 1991, Kose et al. 1999, Kose &
Moller 1999, Pap et al. 2005). These results
suggest that the length of the outermost tail
feather indeed act as an honest sexual sig-
nal of parasite load in the breeding season.

However, according to our hypothesis, this
relationship seems to change during the late
breeding season and dispersion period, as
the same correlation was not significant in
the sample of migrating males (Fig. 2). This
result is in concordance with the findings
of Burley ef al. (1991) and Barbosa et al.
(2003); however, we could not prove a turn
in the direction of the relationship.

There are at least two, mutually not ex-
clusive hypotheses to explain the disappea-
rance of the significant negative relationship
between the expression of sexual signals
(tail length) and intensity of louse infesta-
tion (feather holes).

We suggested that more attractive males
(i.e. with more expressed sexual signals) are
more exposed to louse transmission due to
more frequent body-to-body contacts with
conspecifics, such as more frequent EPC
(Mgller ef al. 2003) or fights with other ma-
les. Recent studies showed that the number

Figure 2. Relationship between tail length and the number of feather holes in migrating males
2.dbra A himek farokhossza és a toll-lyukak szama kozotti 0sszefliggés a diszperzids és vonulasi
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of feather holes increased significantly du-
ring the breeding season in adult Barn swal-
lows (Vas et al. 2008, Vas & Fuisz 2010).
Hence we suggest this increase is higher in
attractive males during the breeding season
than in less attractive ones. At beginning of
the breeding season, attractive males har-
bour fewer lice; however, due to frequent
horizontal louse transmission, the differen-
ce in louse infestation sinks toward migra-
tion period.

The benefit of attractiveness in the sexual
selection may result a handicap in natural se-
lection. Barbosa et al. (2003) found a signifi-
cant positive correlation between Barn swal-
lows’ tail length and the amount of damaged
tail feathers in the end of the breeding sea-
son. The authors of this study did not con-
sider louse infestation; however, Kose and
Mgller (1999) previously showed that lice
can cause feather breakage by chewing ho-
les. Given that Barn swallows are long-term
migrants (Szép 2009), the aerodynamical
disadvantage caused by damaged or broken
tail feathers may results higher mortality du-
ring migration (Pap et al. 2005).

Nevertheless, we cannot exclude an al-
ternative hypothesis, based on the fact that
the sampled populations differed both spa-
tially and temporally. However, sampling
the same birds in breeding season and in the
migration period has serious methodologi-
cal limits. Once the nestlings fledged, Barn
swallows spread in the ca. 5 km area of the
nesting site and do not return to the nest
even for nights (Szép 2009), hence their re-
capture is almost impossible. Additionally,

according to (Szép 2009), migrating groups
gather from quite huge area, and consist
of both colonially and solitarily breeding
birds. Hence, the difference we found may
be explained by the different compound of
the samples. The breeding sample contained
only colonial swallows, while it is very li-
kely that some solitary birds were represen-
ted in the migrating sample. Until now, no
study examined the louse infestation of so-
litarily breeding Barn swallows. Given the
fact that that in the case of solitary males
the body-to-body contact with conspecific
birds is very limited, arguably their louse
load may differ from colonial ones. We can-
not exclude that this phenomenon may cont-
ribute to our results. Future studies should
consider the solitarily breeding Barn swal-
low pairs as well to understand the complex
system built by this species and their ecto-
parasitic lice.
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Abstract A recently published checklist of Hungarian louse fauna (Insecta: Phthiraptera) listed
279 species and subspecies which have been recorded in Hungary. According to that checklist several louse spe-
cies still await detection in Hungary, and many of the previously reported louse species have not been found on
all expected host species yet. Our faunistical survey on avian lice started in 2005 at Ocsa Bird Ringing Station,
resulting hundreds of ectoparasite samples collected from over 70 bird species. Additionally, our louse collection
has grown by collecting samples in other research projects focusing on various bird species, and by sampling
cadavers before taxidermy in the Bird Collection of the Hungarian Natural History Museum. As the results of a
preliminary exploration of this collection, we list 20 louse species which are new to the Hungarian fauna, as well
as the first Hungarian records of 17 host-parasite associations. We also found 3 louse-bird association records new
for the World fauna.

Keywords: faunistics, ectoparasite, parasitism, lice, bird

Osszefoglalas A tetvek rendjének (Insecta: Phthiraptera) hazai faunalistaja 279 tetiifaj és alfaj eléfordulasarol
szamol be. A faunalista szerint szamos tovabbi tetlifaj fordul eld nagy valdszinliséggel Magyarorszagon, és a mar
megtalalt tetiifajok jelentGs része sem kertilt még elé valamennyi varhatd gazdafajarél. A madarakon él6sk6do
tetvek faunisztikai kutatsat 2005-ben az Ocsai Madarvartan kezdtiik, ahol tobb mint 70 madérfaj ektoparazitait
mintavételeztiik. A tdbb szaz, Ocsan gytijtott minta mellett mas madartani kutatasok keretében is gytijtottiink
kiils6 ¢loskodoket, illetve a Magyar Természettudomanyi Mizeum Madargytijteményében is vettiink mintakat a
preparalasra elokészitett madartetemekr6l. A gy(ijtott mintak elozetes feldolgozasa soran magyar faunara 4j 20
tetlifajt, és Magyarorszagon eddig nem jegyzett 17 gazda-parazita kapcsolatot dokumentaltunk. Eredményeink
kozt tovabbi 3, a nemzetkozi irodalombol eddig ismeretlen gazda-parazita kapcsolatrol is beszamolunk.

Kulcsszavak: faunisztika, ektoparazita, él6skodés, tetii, madar
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Introduction

Avian lice (Insecta: Phthiraptera) are wing-
less obligate ectoparasites that complete
their entire life-cycle on the body surface
of their hosts. They feed mainly on feathers
and dead skin parts and are often highly
specific to their hosts (Johnson & Clayton
2003). A recent world checklist of avian lice
by Price et al. (2003) critically reviewed
their nomenclature, taxonomy and host-
parasite associations. They list 3910 louse
species infesting 3248 bird species. Most
probably a large number of louse species
still await description (see e.g. Palma & Pri-
ce 2010, Sychra ef al. 2010, Valim & Weck-
stein 2012).

According to a recently published check-
list, 279 louse species (and subspecies) have
been recorded in Hungary (Vas et al. 2012).
Additionally, this paper also list over 550
louse species, subspecies, and host associa-
tions which have not been detected in Hun-
gary yet; however, their occurrence may
seem to be likely as judged from host distri-
bution. Further research shall reveal several
louse species new for the Hungarian fauna,
as well as new host records. These are new,
formerly undocumented associations bet-
ween host and louse species.

In this paper we report the results of a
recent faunistical survey on the Hungarian
louse fauna. We identified louse samples
from various bird species collected at dif-
ferent locations between 1998-2012. Below
we provide a list of louse species new to the
Hungarian fauna (as compared to Vas et al.
2012). Furthermore, we also list host asso-
ciation records that are new either as com-
pared to the Hungarian checklist or new as
compared to the world checklist of Price et
al. (2003).

Materials and methods

Our faunistical survey of avian lice (Insecta:
Phthiraptera) started in 2005 at Ocsa Bird
Ringing Station, resulting hundreds of ecto-
parasite samples collected from over 70 bird
species. Other research projects on various
bird species (e.g. Barn swallows (Hirun-
do rustica), European bee-caters (Merops
apiaster), and Red-footed falcons (Falco
vespertinus)) provided further hundreds of
louse samples. Additionally, a few samples
were collected from bird cadavers before ta-
xidermy in the Bird Collection of the Hun-
garian Natural History Museum (HNHM).
All investigated cadavers were known to
originate from Hungarian wild populations.
Furthermore, many colleagues studying
birds collected and sent us samples to help
our work.

Lice sampled in focused ectoparasitolo-
gical research projects (see e.g. Vas et al.
(2008) on Barn swallows) were collected
with pyrethroid insecticide in a standardi-
sed way to allow further quantitative analy-
ses (Johnson & Clayton 2003, Rozsa 2003).
However, some samples we obtained were
collected by visual examination without
following any standard; hence they satisfy
faunistical purposes only. The samples were
stored in 70% ethanol. The identification of
louse species was made by the first author
using a stereoscopic microscope. The samp-
les are presently held by the last author for
further research, and will be deposited in
the Department of Zoology of HNHM in
the future.

Our lists follows the nomenclature and
host-parasite associations of the world
checklists of chewing lice (Price ef al. 2003)
with a few complements based on Sychra
and Literak (2008), and Sychra et al. (2008).
Bird taxonomy follows Dickinson (2003).
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Asterisk (*) marks the type host-parasi-
te relationship. We also report the locality,
date, and collector(s) for each louse sample
in brackets. In the case of multiple samp-
les from the same louse species the earliest
one’s data is given.

Results

New species for the Hungarian louse fauna

AMBLYCERA: MENOPONIDAE
Actornithophilus piceus piceus (DENNY,
1842)
Sterna hirundo LINNAEUS, 1758
[Nagybivalyos lake, Varpalota,
2012.06.08., Arpad Ferincz, Tibor Istvan
Fuisz, Balint Preiszner, Szandra Siit0,
Zoltan Vas]

Austromenopon atrofulvum (PIAGET, 1880)
Sterna hirundo LINNAEUS, 1758
[Nagybivalyos lake, Varpalota,
2012.06.08., Arpad Ferincz, Tibor Istvan
Fuisz, Balint Preiszner, Szandra Stto,
Zoltan Vas]

Colpocephalum subzerafae TENDEIRO,
1988
Falco vespertinus LINNAEUS, 1766
[Kardoskut, 2012.07.07., Péter Fehérvari,
Eva Horvath, Szabolcs Solt, Zoltan Vas]

Menacanthus camelinus (NITZSCH, 1874)
Lanius collurio LINNAEUS, 1758 [Ma-
riahalom, 2006.07.28., Balint Preiszner,
Zoltan Vas]

Menacanthus fertilis (NITZSCH, 1866)
Upupa epops LINNAEUS, 1758* [Apor-
kai tanya, Bugyi, 2012.06.09., Lajos
Rozsa]

Menacanthus obrteli BALAT, 1981
Locustella luscinioides (SAVI, 1824)*
[ringing station, Ocsa, 2007.06.20., Csa-
ba Privigyei, Viola Judit Prohaszka]

Mpyrsidea latifrons (CARRIKER &
SHULL, 1910)
Riparia riparia (LINNAEUS, 1758)*
[sandmine lake, Ocsa, 2008.07., Lajos
Toth, ZoltanVas]

Myrsidea sylviae SYCHRA & LITERAK,
2008
Sylvia atricapilla (LINNAEUS, 1758)*
[ringing station, Ocsa, 2008.08.22., Zoltan
Vas]

Nosopon clayae PRICE & BEER, 1963
Pernis apivorus (LINNAEUS, 1758)*
[ringing station, Ocsa, 2008.09.14., Zol-
tan Vas]

ISCHNOCERA: PHILOPTERIDAE

Aegypoecus trigonoceps (GIEBEL, 1874)
Gyps fulvus (HABLIZL, 1783)* [Egyed,
2005.09.05., Viktor Molnar]

Brueelia glizi BALAT, 1955
Fringilla montifringilla LINNAE-
US, 1758%* [ringing station, Ocsa,
2006.03.11., Zoltan Vas]

Craspedorrhynchus dilatatus (RUDOW,
1869)
Buteo lagopus (PONTOPPIDAN, 1763)*
[Bugyi, 2010.12.29., Zoltan Vas]

Degeeriella vagans (GIEBEL, 1874)
Accipiter gentilis (LINNAEUS, 1758)*
[ringing station, Ocsa, 2005.07.15., Lajos
Rozsa, Zoltan Vas]
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Falcolipeurus quadripustulatus (BUR-
MEISTER, 1838)
Gyps fulvus (HABLIZL, 1783) [Egyed,
2005.09.05., Viktor Molnar]

Falcolipeurus sulcifrons (DENNY, 1842)
Haliaeetus albicilla (LINNAEUS,
1758)* [HNHM Bird Collection,
2010.05.20., Zoltan Vas]

Philopterus modularis (DENNY, 1842)
Prunella modularis (LINNAEUS, 1758)*
[ringing station, Ocsa, 2008.10.11., Csa-
ba Privigyei, Viola Judit Prohaszka]

Philopterus rapax (ZLOTORZYCKA, 1964)
Fringilla montifringilla LINNAEUS,
1758%* [ringing station, Ocsa, 2008.01.,
Zoltan Vas]

Rallicola minutus (NITZSCH, 1866)
Gallinula chloropus (LINNAEUS,
1758)* [ringing station, Ocsa,
2005.09.01., Zoltan Vas]

Strigiphilus goniodicerus EICHLER, 1949
Bubo bubo (LINNAEUS, 1758)*
[HNHM Bird Collection, 2010.10.08.,
Zoltan Vas]

Strigiphilus heterocerus (GRUBE, 1851)
Strix uralensis PALLAS, 1771* [Arka,
1998.10.05., Marton Horvath]

Host association records new for the
Hungarian fauna

AMBLYCERA: MENOPONIDAE
Ciconiphilus decimfasciatus (BOISDUVAL
& LACORDAIRE, 1835)
Ardea cinerea LINNAEUS, 1758* [Peto-
haza, 2006.02., Lajos Rozsa]

Colpocephalum subzerafae TENDEIRO,
1988
Falco tinnunculus LINNAEUS, 1758
[Kardoskut, 2012.07.07., Péter Fehérvari,
Eva Horvath, Szabolcs Solt, Zoltan Vas]

Menacanthus alaudae (SCHRANK, 1776)
Emberiza citrinella LINNAEUS, 1758
[ringing station, Ocsa, 2008.11.11., Csa-
ba Privigyei, Viola Judit Prohaszka]

Menacanthus curuccae (SCHRANK, 1776)
Acrocephalus schoenobaenus (LIN-
NAEUS, 1758) [ringing station, Ocsa,
2008.09.29., Csaba Privigyei, Viola Judit
Prohészka]

Acrocephalus scirpaceus (HERMANN,
1804) [ringing station, Ocsa, 2008.08.01.,
Csaba Privigyei, Viola Judit Prohaszka]

Menacanthus eurysternus (BURMEISTER,
1838)
Garrulus glandarius (LINNAEUS, 1758)
[ringing station, Ocsa, 2007, Zoltan Vas]
Lanius collurio LINNAEUS, 1758 [ring-
ing station, Ocsa, 2007.08.11., Csaba
Privigyei, Viola Judit Prohaszka]
Turdus merula LINNAEUS, 1758 [ring-
ing station, Ocsa, 2006.02.11., Zoltan
Vas]
Turdus philomelos BREHM, 1831 [ring-
ing station, Ocsa, 2008.04.03., Zoltan
Vas]
Fringilla coelebs LINNAEUS, 1758
[ringing station, Ocsa, 2008.11.30., Csa-
ba Privigyei, Viola Judit Prohaszka]

Menacanthus sinuatus (BURMEISTER,
1838)
Parus caeruleus LINNAEUS, 1758
[ringing station, Ocsa, 2006.11.04., Zol-
tan Vas]
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Nosopon lucidum (RUDOW, 1869)
Circus aeruginosus (LINNAEUS, 1758)
[HNHM Bird Collection, 2009.07.20.,
Zoltan Vas]

Accipiter nisus (LINNAEUS, 1758)
[ringing station, Ocsa, 2011.03.21., Csa-
ba Privigyei, Viola Judit Prohaszka]
Pseudomenopon pilosum (SCOPOLI,
1763)

Gallinula chloropus (LINNAEUS, 1758)
[ringing station, Ocsa, 2005.09.01., Zol-
tan Vas]

Trinoton anserinum (FABRICIUS, 1805)
Anser albifrons (SCOPOLI, 1769)
[HNHM Bird Collection, 2004.01., Lajos
Rézsa]

AMBLYCERA: RICINIDAE

Ricinus fringillae DE GEER, 1778
Emberiza schoeniclus (LINNAEUS,
1758) [ringing station, Ocsa, 2008.03.15.,
Zoltan Vas]

ISCHNOCERA: PHILOPTERIDAE

Degeeriella fusca (DENNY, 1842)
Circus pygargus (LINNAEUS, 1758)
[HNHM Bird Collection, 2009.07.20.,
Zoltan Vas]

Host association records new for
the World fauna (ordered by birds,
alphabetically)

Acrocephalus melanopogon (TEMMINCK,
1823)
Philopterus sp. [ringing station, Ocsa,
2006.07.21., Zoltan Vas]

Carduelis spinus (LINNAEUS, 1758)
Philopterus sp. [ringing station, Ocsa,

2008.12.06., Csaba Privigyei, Viola Judit
Prohaszka)]

Emberiza schoeniclus (LINNAEUS, 1758)
Menacanthus sp. [ringing station, Ocsa,
2008.05.03., Csaba Privigyei, Viola Judit
Prohészka]

Discussion

The most recent checklist (Vas et al. 2012)
reported 279 louse species and subspecies
infesting 156 bird species in Hungary. The
present study increases theses numbers to
299 louse species and subspecies infesting
170 bird species in Hungary. The species-
level identification of the host records new
for the world fauna requires further samp-
ling and investigation as the specimens we
found were almost exclusively nymphs. Fu-
ture research will reveal whether these lice
are accidentally “stragglers” from other host
species or yet unknown host associations.
As the louse list is still far from complete
further updates to the Hungarian louse fauna
are expected, contributing to the understand-
ing of parasite biogeography.
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Abstract The local abundance and spatial distribution of the short- to medium-distance migra-
tory and daytime stopover passerines (Robin Erithacus rubecula, Blackcap Sylvia atricapilla,
Chiffchaff Phylloscopus collybita, Blue tit Parus caeruleus, Great tit P. major) were studied in a West Hungari-
an stopover ground during post-breeding season. The dispergation index of all migratory bird species revealed
clumped distribution both in ,,smallest annual capture year” (abb. SACY) and the ,,largest annual capture year”
(abb. LACY). According to the PCA the spatial occurrences of Blackcap, Blue tit and Great tit captured in LACY
showed significantly higher concentration than of those migrating in SACY. The studied species appeared in all
four habitats (bushy, forest, grassland, marsh) of the study stopover area, but their clumped spatial distribution
showed habitat preference. The abundance-dependent shift of habitat selection was found only in Great tit, the
most of them captured in SACY concentrated in grassland with bushy, while the ones captured in LACY grouped
in forest habitat type. Blackcaps were grouped the grassland with bushes habitat type where many Dwarf elder
(Sambucus ebulus) bushes were available during autumn migration.

Keywords: stopover birds, annual capture, habitat selection

Osszefoglalas Jelen tanulméany 6t rovid- és kozéptavil vonuld, vonulasat napkdzben megszakitd énekesmadar
faj (vorosbegy Erithacus rubecula, baratposzata Sylvia atricapilla, csilpesalpfiizike Phylloscopus collybita, kék
cinege Parus caeruleus, széncinege P. major) egyedszama (éves fogas) és térbeli eloszlasa kozotti kapcsolatot
vizsgalja az 6szi vonulasi iddszakban, nyugat-magyarorszagi ¢l6helyen. A diszpergaltsagi index értékei alapjan
a madarak csoportos eloszlast mutattak a legkisebb (SACY) és a legnagyobb (LACY) fogasszamu évben is.
A PCA eredményei alapjan a baratposzatak, a kék cinegék és a széncinegék csoportosulasanak mértéke lénye-
gesen nagyobb volt a nagy fogasszamu években. A vizsgalt fajok megjelentek mind a négy éléhelyen (bokros
teriilet, erdd, gyep, mocsar) a vizsgalati teriileten, de az egyedek csoportosulasa él6helypreferenciat mutatott. Az
¢lohelyvalasztasban megmutatkozo denzitasfiiggé eltolodast csak a széncinegék esetében sikeriilt kimutatnunk:
a legkisebb fogasszamu évben az egyedek tobbsége a fiives-bokros ¢él6helyeken koncentralodott, mig a legna-
gyobb fogasszamu évben az erdei ¢l6helyen csoportosultak a madarak. A baratposzatak a fiives-bokros éléhelyen
koncentralodtak, ahol a taplalékul szolgalé f6ldi bodza nagy mennyiségben allt rendelkezésiikre.

Kulesszavak: vonulé madarak, éves fogas, él6hely-valasztas
nstitute of Biology, Faculty of Sciences, University of West Hungary, Szombathely, Karolyi Gaspar tér 4. H-9700,

Hungary, e-mail: gyjozsi@ttk.nyme.hu, *Istvan Chernel Ornithological and Nature Conservation Society, Szombat-
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Introduction

The spatial distribution of migrants is an
important population factor in their stopo-
ver (Chernetsov 2002). Understanding the
distribution and abundance of migratory
birds is critical for the effective conserva-
tion strategy and comprises the core of bird
ecology (Caughley & Sinclair 1994, Krebs
1994, Johnson & Sherry 2001). The distri-
bution of birds among habitat types is parti-
cularly important because the conservation
of migratory populations is usually realized
by management of their habitats (Morrison
et al. 1998).

Migratory birds move among habitats
more than residents and are frequent sub-
jects for stopover studies (Cody 1985).
Although most studies of migratory bird
habitat selection has focused on breeding
populations, a simpler situation exists with
birds during migration period, when they
are free from bothering factors connec-
ted with nesting (Hutto 1985). The spatial
distribution of migrants could be determi-
ned by vegetation structure (Preiszner &
Csorgd 2008), prey availability (Levey &
Stiles 1992, Sherry & Holmes 1996), pre-
dation risks (Rappole et al. 1989), habi-
tat preferences from the breeding period
(Morse 1971, Hutto 1980), evolutionary
responses to paleoecological circumstan-
ces (Johnson & Sherry 2001), competi-
tion and population abundance (Greenberg
1986, Leisler 1992, Marra 2000). Density
of intra- and interspecific competitors may
effect habitat quality and thus the pattern
of spatial distribution and habitat selection
by stopover birds (Moore & Yong 1991).
Most of the passerine migrants use stopo-
ver sites in a clearly non-random manner,
even if many species have broader habitat
preference during migration than during

breeding (Chernetsov 2006). For example
the stopover Robins establish small home
ranges and do not move randomly across
a large area during their autumn migration
(Titov 1999a).

We studied the local abundance and spa-
tial distribution of the short- to medium-
distance migratory and daytime stopover
passerines (Robin Erithacus rubecula abb.
ERIRUB, Blackcap Sylvia atricapilla abb.
SYLATR, Chiffchaff Phylloscopus collybi-
ta abb. PHYCOL, Blue tit Parus caeruleus
abb. PARCAE, Great tit P. major abb. PAR-
MAJ) in a stopover ground during post-bre-
eding season. Our expectation was that the
pattern of spatial distribution of bird species
would differ between years when bird abun-
dance was different.

Material and methods

Study site

The study was carried out at Tomord
Bird Ringing Station in West Hungary
(47°21°23”N 16°40°04”E), located 15 kilo-
metres from Szombathely. There were four
natural habitat types around the station (Fi-
gure 1). These habitats were characterized
according to the SE European Bird Migra-
tion Network (Busse 2000) (see below) as
follows.

Bushes: Bushes and herbs were made up
a compact, dense vegetation, which were
dissected by small grass patches. Its cha-
racteristic plants were: Blackthorn (Prunus
spinosa), Common hawthorn (Crataegus
monogyna), Wild pear (Pyrus pyraster),
Wild rose (Rosa canina). There were great
variety of crops but there was not manage-
ment in the bushes. The height of vegetation
was 2-3 meters.
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Figure 1. Habitat map of the study area with the
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Forest: Broadleaf trees and bushes show a
compact, dense edge vegetation, forming an
ecoton community with Turkey oak (Quer-
cus cerris), Blackthorn, Common hawthorn,
Wild pear as characteristic plants. There
were plenty of crops and normal forestry
management in the forest. The height of ve-
getation was 6-7 meters.

Grassland with scrubs: This habitat type
made a transition between the wet habitats
of the swamp and the steppe communities
that used to cover the croplands around the
marsh. There were a few bushes in the grass-
land, with two small patches of Dwarf elder
(Sambucus ebulus). There grassland was not
managed.

Marsh: It was a small (6 ha) permanent
and an isolated wetland. Characteristic
plants were Reedmace (Typha latifolia)
and Rush (Schoenoplactus lacustris) in the
marsh. The height of vegetation was 1-2
meters. Water was supplied to the marsh

only by precipitation. The marsh dried out
and marsh vegetation was degraded because
of scarce rainfall in 2000 and 2001.

Field work

The birds were captured and ringed at the
Tomord Bird Ringing Station between 1998
and 2011. Bird ringing took place during the
post-breeding period (dispersion and autumn
migration), from the third decade of July to
the first decade of November, 95-100 ring-
ing days each year. For catching the birds we
used 28 numbered mist-nets (12 meter long
and 2.5 meter high with 5 shelves and a mesh
size of 16 mm). There was a line of six nets
in the deepest part of the marsh. Four nets
were in the forest, eleven in the bushes and
seven in the grassland. Birds had been captu-
red from dawn to dusk, except on rainy and
stormy days. All birds were ringed and aged
according to Svensson (1992). The birds
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ERIRUB SYLATR PHYCOL PARCAE PARMAJ
Year 2003 2007 2002 2009 2002 2004 2003 2004 2006 2010
AC 565 911 393 1132 237 558 119 1040 141 958
D 19.48 31.41 13.55 39.03 8.17 19.24 4.10 35.86 4.86 33.03
"4 312.62 | 402.25 | 136.54 | 1753.53 | 59.08 | 23590 | 29.81 |5477.91| 26.55 |2055.82
SD 17.68 20.06 11.69 41.88 7.69 15.36 5.46 74.01 5.15 45.34
DI 16.05 12.81 10.08 4492 7.23 12.26 7.26 152.75 5.46 62.23
X3-test | 205.09 | 230.26 | 26.32 | 712.26 | 59.71 81.09 2537 | 1344.00| 43.97 | 306.62
P <0.001
Table 1. Annual captures (AC), density (D), variance (V), standard deviation (SD) and dispergation

index (DI) of bird species. (See the introduction for species abbreviations.) The results of
X*-test and significance level (P) relate to the dispergation index (DI)

1. tdbldzat A madarfajok évifogésa (AC), denzitdsa (D), varianciaja (V), szérasa (SD), és diszpergaltsagi
indexe (DI). (A fajnevek roviditését |d. a bevezetésben.) A X*-teszt és a szignifikanciaszint
(P) értékei a diszpergaltsagi indexre vonatkoznak

were weighed to the nearest 0.1 g (using a
spring balance) and the fat reserves (fat in-
dex, condition) were estimated visually ac-
cording to SE European Bird Migration Net-
work protocol (Busse 2000) — ranging from
0 (no fat) to 8 (bulging fat).

Data processing and statistical analysis

From the 13 study years we selected the
,smallest annual capture year” (abb. SACY)
and the ,largest annual capture year” (abb.
LACY) for all the five selected bird spe-
cies. Table 1 shows the annual captures of
the selected years. We used the number of
caught birds (only birds with net number)
per year and per net of five bird species. The
first-year and adult birds were not separa-
ted in the statistical analysis. To determine
the spatial distribution of bird population in
SACY and LACY we used the dispergation
index. It was calculated as DI = s*/d, where
s? is variance of number of caught/net/year,
d is density, average number of caught/net/
year. We tested the spatial distribution (DI)
of birds caught by nets were standing in dif-
ferent habitat types with X?-test. Chi square

supplies us with a method for determining
if a sample variance is significantly grea-
ter than or less than the average (Fowler &
Cohen 1991, Moskat et al. 1992). We com-
pared the mean body mass and condition of
birds in SACY and LACY by Student t-test
(Fowler & Cohen 1991).

We used principal component analysis
(PCA) on number of caught birds in the four
habitat types in SACY and LACY, to exa-
mine correlations among spatial distribution
of birds and habitat types (Podani 1997).
Statistical analyses were carried out by the
PAST software version 1.38 (Hammer et al.
2006).

Results

The dispergation index of all migratory
bird species revealed clumped distribution
(DI>1) in both SACY and LACY (Table 1),
but according to the PCA the spatial occur-
rences of Blackcap, Blue tit and Great tit
captured in LACY showed significantly hig-
her concentration than of those migrating
in SACY (Figure 2). The most Blackcaps
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Figure 2. Principal component analysis ordination of bird distribution pattern in SACY (1) and LACY
(2) over four habitat types: forest, bushy, grassland with scrubs, marsh. The first component
explains 72.33% of the data variability, the second component 22.47%, the third component
4.58 % and the fourth component only 0.61%

2.dbra

A madarfajok fékomponens-analizis ordinécidja a kis (SACY=1) és nagy fogdsu (LACY=2)

évek és él6hely-tipusok (erdé, bokros, bokros-gyep, mocsér) alapjan. Az elsé f6komponens
az adatok variancidjanak 72,33, a masodik 22,47, a harmadik 4,58, a negyedik mind&ssze

0,61 szézalékara ad magyarazatot

and Blue tits clumped in grassland habitat
type both in SACY and LACY, but the most
Great tits were captured in grassland during
SACY and most of them were captured in
forest during LACY (Figure 3).

The average fat index and body mass of
Robins caught in LACY was significantly
smaller than of those migrating in SACY.
The average fat index of Blackcaps, Blue
tits and Great tits caught in LACY were sig-
nificantly larger than of those migrating in
SACY. The mean condition and body mass
of Chiffchaffs, as well as mean body mass of
Blue tits migrating in SACY and LACY did
not differ significantly. The average body
mass of Blackcaps and Great tits caught in
LACY were significantly larger than of tho-
se migrating in SACY (t-test, Table 2).

Discussion

The spatial distribution of all five species
showed clumped distribution at the study
stopover site during post-breeding period.
The spatial concentration of individuals
could be explained by unequal food resour-
ce and refuge site distribution because the
habitat selection during stopovers should be
aimed achieving the two of the most impor-
tant goals: to maximize the fuel deposition
rate and to minimize the risk of predation
(Alerstam & Lindstrom 1990). Another fac-
tor that can strongly effect spatial distri-
bution and habitat selection of stopover
birds is prey-based intraspecific competi-
tion (Moor & Yong 1991), which depends
on the abundance of birds. Our results sup-
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Figure 3. Distribution of the percentages (%) of annual captures in SACY and LACY according to

habitat types

3.dbra A befogott madarak szazalékos aranya él6hely-tipusok szerint a legkisebb (SACY) és
legnagyobb (LACY) fogasszamu években

MeantS.D. t-test df P

fat SACY LACY

ERIRUB 1.80+1.41 1.40+1.23 5.61 1476 <0.01
SYLATR 1.44+0.50 1.50+0.75 -2.1 1326 <0.05
PHYCOL 1.32+£1.39 1.51+1.21 -1.84 790 NS
PARCAE 0.93+0.79 1.45+1.25 -6.25 1154 <0.01
PARMAJ 1.16+0.72 2.83+£1.19 -23.10 1097 <0.001
body mass

ERIRUB 16.47+1.39 16.19+1.25 3.99 1466 <0.01
SYLATR 18.00+1.38 18.26+1.48 -3.12 1499 <0.01
PHYCOL 7.45+0.67 7.40+0.76 0.83 770 NS
PARCAE 10.82+0.66 10.88+0.67 -0.92 1065 NS
PARMAJ 17.40+1.12 18.03+£1.24 -6.07 1082 <0.01

Table2.  Mean fat index (condition) and body mass of bird species in SACY and LACY

2. tdbldzat A madarfajok atlagos vonulasi zsirtartaléka (kondicid) és testtomege a legkisebb (SACY)
és legnagyobb fogdsszamu (LACY) években



56 ORNIS HUNGARICA 2012. 20(1)

port the strong influence of local abundan-
ce on the spatial distribution of Blackcap,
Blue tit and Great tit migratory populations,
which stopovered at the study site during
post-breeding period. Higher proportion of
stopover Blackcaps, Blue tits and Great tits
were captured in LACY by nets in grass-
land as well as forest habitat type than of
those captured in SACY. The recapture ra-
tes showed that most migratory Blackcaps,
Blue tits and Great tits captured stopover
only 1-2 days at the study area in Septem-
ber and October (Gyuracz & Banhidi 2008).
The most migratory individuals with larger
fat reserve and body mass in LACY could
continue their autumn migration after short
stopover. The Robin, Chiffchaft and Black-
cap were dominant and regular migrant and
stopover species during autumn at the stu-
dy area. By contrast, the Blue tit and Great
tit had intensive migration in 2004 or 2010.
The bulk migration of the tits could be in
relation with less beech crop and the num-
ber of tits breeding in Alps and Carpathians
as well as areas north from Hungary (Smith
& Nilsson 1987, Nowakowski & Vihétalo
2003, Nyquist 2007). Flocking behaviour of
the wintering birds was expected to relate
inversely to food supply of habitat (Grubb
1987, Székely & Juhasz 1993). Although
the most Blue tits were captured in grass-
land with scrub, the forest and the bushy
habitat types were better habitats in terms
of feeding and fat accumulation, than the
grassland with scrub and the marsh (Gyu-
racz et al. 2011). Some migrant species were
known to establish defined home range or
temporary territory within the suitable habi-
tat during stopover (Chernetsov 2005). We
suggest the territorial spacing of Blue tits
may prevent the formation of large flocks
during their stopover time in the local fo-
rest and bushy. Significantly more tits were

displaced to poorer grassland with scrub du-
ring the intensive migration (2004) than du-
ring the weak migration (2003).

The spatial distribution of Blackcaps was
related to the patchy distribution of the pre-
ferred berries. Blackcaps were grouped in
the grassland with bushes habitat type whe-
re many Ground elder bushes were available
during autumn migration. It previously was
shown in Robins and other migratory pas-
serines that the pattern of spatial distribu-
tion was related to the distribution of their
prey (Titov 1999a, 1999b, Chernetsov &
Titov 2001). The most Robins captured in
LACY were leaner because of their fat re-
serve exhausted during nocturnal migration
(Gyiméthy et al. 2011b). The more even
distribution of Robins in SACY and LACY
compared to distribution of other species
could be due to the bulk of the migratory
Robins remained within 350 m during their
stopovers in autumn migration (Chernetsov
2005). Titov (1999b) shown that stopover
Robins did not start the fat accumulation un-
til they established a small defined stopover
home range. These patterns probably also
true for Chiffchaffs during stopover.

Habitat selection during post-breeding
period varies among species and habitat
change after breeding and dispersion is a
frequent phenomenon for migrating birds.
Usually the migratory passerines seem to
use wider habitat during stopovers compa-
red to breeding period, behaving as genera-
lists in the habitat selection (Barlein 1983,
Vega Rivera et al. 2003, Chernetsov 2006,
Preiszner & Csorgd 2008). This behaviour
reduces intra- and interspecific competition
(Berthold 1993). The studied species occur-
red in all four habitats of the study stopo-
ver area, but their clumped spatial distribu-
tion showed habitat preference. The Robins
were captured in many habitat types in Hun-
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gary during autumn migration but the most
Robins occurred in stopover sites surroun-
ding forest and bushy areas (Gyimothy et al.
2011a). The abundance — dependent shift of
habitat selection was found only in Great tit.
The most of them captured in SACY con-
centrated in grassland with bushy, while the
ones captured in LACY grouped in forest
habitat type. The bushy and forest habitats
were supposed primarily refuges for Great
tits because the fat reserves of the recaptu-
red tits did not change significantly during
their stopovers.

According to the above mentioned results
we assumed that local abundance of stopo-
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