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Abstract:

The nominate subspecies of the white wagtail is a common taxon occurring in almost all of Europe. It
shows no sexual dimorphism in juvenile and winter plumages and some dimorphism regarding size. The
aim of the present study was to propose a method for sexing birds of this species using linear measure-
ments. Through a discriminant function analysis, we identified a set of morphometric traits in juvenile
birds (78 males and 120 females) captured in northern Poland during autumn migration. Birds were sexed
molecularly. On average, males were larger than females in all measurements and the most sexually
dimorphic trait was wing length with twice as high value of size dimorphism index than other measure-
ments. The best discriminant function including wing length and the total head length allowed for correct
sexing of 88% individuals (86% of males and 89% of females). The equation with wing length only was
also given, as this parameter is the most common measurement taken in Passerines. This formula classi-
fied correctly 82% of the birds (81% of males and 84% of females). The two proposed equations should
be used for sexing only juvenile individuals from the nominate subspecies, as biometrical differences have
been reported among the white wagtail subspecies and age classes. This method could be useful not only
in future research but also to sex birds already measured in past studies.
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Islands and the eastern coasts of Greenland in the

Introduction

The white wagtail Motacilla alba alba Linnaeus,
1758, is a common species that occurs in various
habitats, including urbanised ones. Its vast breeding
area extends from the Iberian Peninsula through all
of Europe to the Ural Mountains, western Turkey,
the Eastern Mediterranean and to Iceland, the Faroe
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north (GLUTZ VON BLOTZHEIM & BAUER 1985, Ty-
LER 2004). The white wagtail is resident in Western
Europe and in the Mediterranean, while it is migra-
tory in much of the rest of its range. Its migratory
routes cross continental Europe (BONLOKKE et al.
2006, BAIRLEIN et al. 2014, VALKAMA et al. 2014).
Northern populations from the West Palaearc-
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tic migrate south to the Mediterranean region and
African tropics and subtropics. The easternmost
populations winter in peninsular India and South-
East Asia (GLUTZ VON BLOTZHEIM & BAUER 1985,
CraMP 1988). The majority of the individuals can
be sexed quite easily based on breeding plumage
(GLuTZ VON BLOTZHEIM & BAUER 1985, SVENSSON
1992, ALSTROM et al. 2003). However, sexing of ju-
veniles and first-winter birds is usually not possible,
while recognising sexes of adults in winter is diffi-
cult (Cramp 1988, ADRIAENS et al. 2010). Hence, it
precludes the possibility of collecting data on sexual
differences in various behavioural aspects in this
species, especially for the males and females of the
family Motacillidae, which exhibit dissimilarities in
migration strategies (TYLER 1991, WooD 1992), fat-
tening (WoobD 1978, ELARABANY 2015), territorial
behaviour (Zanavi 1971), speed of moult (SONDELL
1993) and distribution in wintering grounds (WooD
1992). Recently, the use of discriminant function
analysis has increased and it has become the most
popular method for sexing monomorphic bird spe-
cies of different families (e.g. MEISSNER 2005, Kr0-
SKOWsKI et al. 2006, VOGELI et al. 2007, LIORDOS
& GOUTNER 2008, PoIsBLEAU et al. 2010). Here, we
propose a method for sexing the juvenile white wag-
tail using linear measurements, which may be ap-
plied not only in future research but also to sex birds
already measured in past studies.

Materials and Methods

Fieldwork

Birds were caught by walk-in traps in 2005-2007
in the floodplain meadows of the Vistula River at
Lisewo Malborskie (54.0974 N, 18.8108 E) and in
2015-2018 in the mouth of the Vistula River near
Swibno (54.3579 N, 18.9449 E), northern Poland.
The field studies were conducted from early July to
late September, thus covering the main part of the
white wagtail autumn migration season in this re-
gion (BUSSE & HALASTRA 1981). Trapped birds were
aged according to plumage characteristics (SVEN-
SSON 1992). Adults comprised less than 1% of all
caught birds, thus only juveniles were taken into
account. Wing length (maximum chord) and tarsus
plus toe length were measured with a ruler (1 mm
accuracy), while total head length was measured us-
ing callipers (0.1 mm accuracy) (BUSSE & MEISSNER
2015). Primary feathers of the captured birds were
carefully checked for any basal sheaths to ensure
feather growth was complete and only full-grown
individuals were measured. About 50% of the birds
were measured by three authors (WM, LK, RK) and
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the accuracy and repeatability of the measurements
taken by different ringers were checked as described
by BUSSE & MEISSNER (2015). Similar to other stud-
ies (MEISSNER & Krupa 2016, OzAROWSKA et al.
2016, MEISSNER et al. 2018), we assumed that poten-
tial variation in the measurements taken by differ-
ent ringers had negligible influence on the obtained
results, as the research team is highly experienced
in bird measuring. Approximately 20-30 pl of blood
were taken from the branchial vein and preserved in
70% ethyl alcohol for further laboratory analysis. In
total, 198 birds were caught, including 60 at Lisewo
Malborskie and 138 in mouth of the Vistula River.

Laboratory work

The DNA was extracted from blood samples using a
Blood Mini DNA kit (A & A Biotechnology, Gdynia,
Poland), preceded by evaporation of ethanol. The W-
and Z-linked sequences were amplified with primers
2987F (5 — CACTACAGGGAAAACTGTAC - 3%)
and 3112R (5’ — CCCCTTCAGGTTCTTTAAAA —
3’) (ELLEGREN & FRIDOLFsSON 1997). Each 9.30 pul
PCR sample contained 1.92 pl of DNA, 0.48 pl of 25
mM MgClL,, 1.20 pl of sterile-filtered water, 0.6 ul of
10.5 uM of each primer and 4.5 pl of Sigma RED-
Taq Ready-Mix (Sigma-Aldrich). The PCR protocol
included an initial denaturation step of 94°C for 2
min, followed by three cycles: denaturation at 94°C
for 30 s, annealing at 55°C for 50 s and elongation
at 72°C for 2 min. These were followed by 35 cy-
cles of denaturation at 94°C for 30 s, annealing at
50°C for 50 s, elongation at 72°C for 2 min. A final
elongation step was performed at 72°C for 5 min.
PCR products were separated in a 3.5% agarose gel
stained with Midori Green (ABO, Gdansk, Poland)
during 120 min-long electrophoresis at 90 mA and
300 V and visualised using UV illumination. For
17 randomly selected individuals (9 males and 8
females), the PCR protocol was repeated with the
same set of primers to check for the repeatability of
the method. In all cases, the primal sex assessment
was confirmed. In the case of three large females
and one small male, the sex was confirmed by run-
ning the protocol with different set of primers — P2
and P8 (GrIFFITHS et al. 1998).

Data analysis

Stepwise discriminant function analysis was con-
ducted to determine which variables best classified
the sex of wagtails. The inclusion of a measurement
in the model was based on the Wilk’s lambda ratio
with minimum partial F allowing for inclusion in the
model equal to 3.84 and the maximum partial F lead-
ing to exclusion from the model equal to 2.71. As in
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other similar studies (e.g. BLuso et al. 2006, SHEALER
& CLEARY 2007, ACKERMAN et al. 2008, MEISSNER et
al. 2017), a priori classification probabilities were set
as equal for both sexes (p = 0.50). Despite the pres-
ence of a slightly female-biased sex ratio in the sam-
ple, we did not adjust the prior probabilities for the
analyses because we did not have prior knowledge
of the sex ratio in the population. Discriminant func-
tion analysis assumes that predictors are not highly
correlated with each other (HaIr et al. 2014), thus
the Pearson correlation coefficient was calculated for
each pair of them. In all cases, its value was lower
than 0.57, hence the assumption of multicollinearity
of independent variables has not been violated.

The discriminant equation presented in this pa-
per is based on unstandardised canonical discrimi-
nant function coefficients, where D < 0 indicates a
female and D > 0 indicates a male. The importance
of each measurement in discriminant analysis is giv-
en by canonical correlation coefficients, which show
the correlation of each single predictor with sex and
standardised canonical coefficients to assess the con-
tribution of each predictor as compared to the other
predictors in the model (BrRowN et al. 2012). The
validation of the obtained discriminant function was
conducted with the jackknife procedure, where each
single case was classified using a discriminant func-
tion based on all other cases except the given one.
This procedure is preferred over other methods be-
cause it gives smaller variation of the mean estimate
of the proportion of correctly classified individuals
(DECHAUME-MONCHARMONT et al. 2011). The sta-
tistical analyses were performed using Statistica
13.1 software (DELL Inc.) with additional Statistica
Macro File for the jackknife procedure (http://sdn.
statsoft.com).

Differences in morphological traits between
males and females were tested with a two-sample
t-test (ZAR 1996). The size dimorphism index (SDI)
was calculated according to LovicH & GIBBONS
(1992) and provided the measure of sexual dimor-
phism, where greater sexual dimorphism was indi-
cated by a larger SDI value and a negative value was
assigned to measure the smaller females.

Results

Males were larger than females in terms of all meas-
urements. The most sexually dimorphic trait was
wing length with twice as high value of size dimor-
phism index than other measurements (Table 1). All
individuals with wing length shorter than 86 mm
were females and those with wing longer than 92
mm were males (Fig. 1) but this criterion allowed
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Fig. 1. Wing length distribution of females (black bars)
and males (grey bars) of white wagtails.
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Fig. 2. Probability of being male in relation to discrimi-
nant score (D,). White dots represent females and black
dots males of the white wagtail. The largest females and
smallest males were indicated by enlarged dots.

to sex correctly only 45% of the individuals. Wing
length and the total head length were selected in the
stepwise procedure of discriminant function (canon-
ical correlation coefficients 0.75 and 0.53, respec-
tively), producing the following equation for calcu-
lating the discriminant score:

D, = 0.469-Wing length + 0.411-Total head
length — 55.226

The jackknife cross-validation showed that
this formula allowed the correct sexing of 88% of
the birds (86% of males and 89% of females; Fig.
2). The standardised discriminant function coeffi-
cient for wing length was a much higher than for
the total head length (0.89 vs. 0.26) indicating that
wing length was much better measurement for sex
discrimination. The obtained equation with the wing
length only was:

D, = 0.529-Wing length — 46.663

According to the jackknife procedure, this for-
mula correctly classified 82% of the birds (81% of
males and 84% of females). Tarsus plus toe length
with canonical correlation coefficient 0.41 had mi-
nor influence on assessing the sex of white wagtails.
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Table 1. Comparison of mean measurements (in mm) of males (N=78) and females (N=120) of the white wagtail. The

size dimorphism index (SDI) is given for each trait.

Males Females
Measurement t-test results SDI
Range Mean SD Range Mean SD
Total head 33.0-35.2 34.16 0.56 31.8-34.9 33.35 0.68 t=8.74, p<0.001 0.024
Tarsus plus toe 37-44 40.9 1.33 37-44 39.7 1.30 t=6.34, p<0.001 0.030
Wing 86-94 90.8 1.74 81-92 86.5 1.98 t=15.70, p<0.001 0.050
Discussion Hence, birds with worn or moulting outermost pri-

Males of the white wagtail were significantly larger
than females in all three measurements (Table 1).
Wing length appears to be the best predictor of sex
in the white wagtail and has been suggested in ear-
lier studies (PoLAk 2004). Further, it is known to
be a good predictor in other wagtail and pipit spe-
cies (GLUTZ VON BLOTZHEIM & BAUER 1985, CRAMP
1988). Wing length is the most important aerody-
namic trait; longer wings result in higher aspect
ratios and, as a consequence, in higher flight speed
(NORBERG 1995, PENNYCUICK 2008). That is crucial
for the optimal timing of arrival at the breeding sites
(HaHN et al. 2015). Early arrival in spring would
be advantageous to males (CRrisToL et al. 1999)
and longer-winged individuals arrive earlier on the
breeding grounds in at least some species (STOLT &
Fransson 1995, Pottr 1998). Thus, longer wings in
white wagtail males may be an adaptation to early
arrival. The vast majority of males of Passerines ar-
rive earlier than females due to within-sex competi-
tion for access to resources vital for the reproduction
(Lozano et al. 1996, Kokko 1999).

Wing-length ranges obtained for males and
females were within those reported earlier (GLuTZ
VON BLOTZHEIM & BAUER 1985), with the exception
of large females reaching 92 mm (CraMP 1988). The
presence of large females with discriminant score
(D) above 1 decreased the effectiveness of the pro-
vided discriminant function. The equation including
wing length and the total head length allowed sexing
correctly 88% of all individuals, which is within the
range of the effectiveness of discriminant functions
described for many other small species of Passerines
(e.g. MADSEN 1997, Campos et al. 2005, ZENATELLO
& Kiss 2005, WOICZULANIS-JAKUBAS & JAKUBAS
2011, HENRY et al. 2015). The measurement of wing
length is most commonly taken at bird ringing sta-
tions (BAIRLEIN 1995, BUSSE & MEISSNER 2015)
and the equation with this parameter only allows to
sex white wagtails with a slightly lower efficiency
(82%). However, it should be noted that including
wing length in discriminant analysis might cause
potential bias resulting from feather wear and moult.
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maries should be excluded from sexing when using
any of these two formulas.

Nine to eleven subspecies of the white wagtail
(Motacilla alba sensu lato) are recently considered
(ALSTROM et al. 2003, TYLER 2004), with some con-
troversies about this (PavLova et al. 2005). These
subspecies differ not only in the upperpart pattern
but also in size (CrRamP 1988, [LANLOO et al. 2014).
Although it has been shown that birds from the
eastern populations of the white wagtail (Motacilla
alba sensu stricto) are slightly paler coloured than
western ones (ADRIAENS et al. 2010), the conspicu-
ous biometrical variability within this subspecies
has not been reported and the white wagtail (M. a.
alba) is considered a monomorphic taxon (CRAMP
1988). Moreover, differences in wing length be-
tween adult and juvenile white wagtails were re-
ported, with adults being somewhat larger (GLuTZ
VON BLOTZHEIM & BAUER 1985). Hence, the pro-
posed equations should be used for sexing only ju-
venile individuals from nominate subspecies. How-
ever, juveniles are more numerous than adults and
account for more than 90% of individuals caught
during autumn migration (present authors, unpub-
lished data) and the proposed equations may be
used in research on this species.
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