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Abstract
Sexing monomorphic birds by DNA and morphometrics allows researchers to study behavioural differences between the
sexes. We aimed to verify the utility of the carpal spur to sex the monomorphic Blacksmith Lapwing or to determine a more
suitable method. The Blacksmith Lapwing is a widespread resident of central and southern Africa. We used biometrics and
carpal spur features of 116 Blacksmith Lapwings we ringed at five South African sites in 2008–2018 that were DNA-sexed
from blood samples. Males were on average larger than females in most morphometrics, but all these measurements largely
overlapped. Spur length was the most sexually dimorphic trait, then body mass and tarsus length. Male lapwings use their
wing spurs in combat, thus the spurs’ length and sharpness, and body size, are likely subject to intrasexual selection. The
male’s longer tarsus may be related to his role in scraping out the ground nest. Our backward stepwise analysis produced
the discriminant function D1 = 0.366 tarsus length - 27.541 to determine this species’ sex, which correctly sexed 66% of
our sample. If we allowed a 5% misclassification rate then 70% of individuals remained unsexed. Thus we recommend
DNA analysis for studies that must accurately sex all Blacksmith Lapwings in a sample. All of the DNA-sexed adult males
had sharp ivory tipped spurs but 36% had a spur shorter than 13 mm, proposed previously as the cut-off value between
sexes. We suggest that Blacksmith Lapwings with sharp ivory-tipped spurs of 14 mm or longer can be safely sexed as males
to reduce the need for expensive DNA tests.
Keywords: Vanellinae, biometrics, sexing, discriminant analysis, carpal spur

Introduction
The activities of male and female birds often differ,
so sex identification becomes an important aspect of
behavioural studies (Dit Durell et al. 1993; Mathot
& Elner 2004), migration phenology (Remisiewicz &
Wennerberg 2006; Pinchuk et al. 2016; Meissner &
Krupa 2017) and foraging strategy (Nebel 2005;
Castro et al. 2009). Biological differences in the
sexes are well described for species that show clear
sexual dimorphism but are less known in species
where the sexes do not differ noticeably in colour
or size, which impedes studies of sex-specific pat
terns within a species (Newton 1998). Though
DNA-based sexing methods (Griffiths et al. 1998;
Kahn et al. 1998; Fridolfsson & Ellegren 1999)
allow researchers to determine a bird’s sex accu
rately, this is a costly procedure, especially for large

samples. The sexes differ in size in many species that
exhibit no plumage dimorphism, which allows
researchers to use discriminant functions derived
from the biometrics of individuals of known sex to
determine the sex of other measured birds
(Dechaume-Moncharmont et al. 2011). This
method is cheap, hardly invasive and may be applied
to data collected in the past, so it is becoming
increasingly popular in studies of monomorphic
bird species (e.g. Sweeney & Tatner 1996; Dale &
Robertson 2006; Poisbleau et al. 2010; Meissner
et al. 2017), including waders (Meissner 2005;
Meissner & Pilacka 2008; Scherer et al. 2014;
Jiménez et al. 2015; Niemc et al. 2018; Witkowska
& Meissner 2020).
The Blacksmith Lapwing Vanellus armatus is
a common shorebird that inhabits short grasslands
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and mudflats from southern to central Africa (Turpie
et al. 2005; BirdLife International 2016). Several stu
dies on this species have focused on foraging ecology
and other aspects of their behaviour (e.g. Hall 1964;
Urban et al. 1986; Tree 1998; Calf 2002; Tjørve et al.
2008; Cantlay et al. 2019), but researchers were com
pelled to ignore any sexual differences because males
and females have similar plumage (Turpie et al. 2005).
Other Charadriidae do show sexual differences in their
biology, such as the onset of primary moult (Walters
1984; Machín et al. 2018), foraging strategy (Castro
et al. 2009), time spent on incubation (Byrkjedal
1985; Whittingham et al. 2000) and survival mechan
isms (Eberhart-Phillips et al. 2017). Hence
Blacksmith Lapwings probably show sexual differ
ences in aspects of their behaviour. However sexual
size dimorphism is less pronounced in Charadridae
than in Scolopacidae (Jehl & Murray 1986), and
Charadridae, including Blacksmith Lapwings, can sel
dom be sexed by body measurements or by mass
(Zefania et al. 2010; Meissner et al. 2011). Though
male Blacksmith Lapwings tend to be slightly larger
than females (Turpie et al. 2005), it remains unknown
if the degree of dimorphism is sufficient to derive
a discriminant function that enables efficient sexing
of this species in the field.
About half of the Vanellinae subfamily have a distinct
carpal spur, a keratinous covering of a projecting bony
core on the leading edge of the birds’ wing near the
carpal joint (Rand 1954). The spur is well developed
in both sexes, but is longer in males than in females for
most species of this subfamily (Rand 1954; Tree 1999;
Wakisaka et al. 2006; Cruz-Bernate et al. 2013). A long,
sharp spur correlates with aggressiveness, especially of
males (Piersma & Wiersma 1996). Tree (1999) identi
fied it as the most dimorphic measurement in the
Blacksmith Lapwing, as did other authors for other
species in the Vanellus genus (Wakisaka et al. 2006;
Cruz-Bernate et al. 2013). We set out to verify the utility
of the spur in sexing Blacksmith Lapwings, confirmed
by DNA-sexing, and to check the cut-off values given by
Tree (1999) based on field observations. We also aimed
to determine the extent of any sexual size dimorphism of
the species and to determine any significant biometrical
differences that could be used to sex this species in the
field.
Material and methods
Blacksmith Lapwings were caught with mist nets
and walk-in traps at five locations in the South
African provinces of North West (105 individuals,
three sites) and KwaZulu-Natal (11 individuals,
two sites) between 2008 and 2018. In North

West Province, most birds (95) were caught at
Barberspan Bird Sanctuary; the other 10 at two
farms near the town of Potchefstroom. In KwaZuluNatal Province the birds were trapped at Darvill
Wastewater Works and at Eston Dam near the
town of Pietermaritzburg. We analysed birds only
in adult plumage for this study, measuring total
head length, bill length and tarsus length with calli
pers to the nearest 0.1 mm, and wing length (max
imum chord) and tarsus-plus-toe length with
a stopped rule to the nearest 1 mm (Busse &
Meissner 2015). Birds were also weighed by electro
nic balance with an accuracy of 1 g. The left and
right spur lengths were measured with callipers from
the base to the tip as described by Tree (1999). We
considered only the left spur in our analyses because
the right spur of one bird had been damaged. The
colour and the sharpness of the tip were noted
because Tree (1999) held that adult Blacksmith
Lapwings have a sharp spur with an ivory tip (Tree
1999). Most birds (96%) were measured by the
three authors (WM, MR, LP) and the accuracy
and repeatability of the measurements were cali
brated as described by Busse and Meissner (2015).
The birds were definitively sexed molecularly. We
drew 20–50 μl of blood from the brachial vein and
preserved it in 70% ethyl alcohol. In the laboratory,
after evaporating the ethanol we extracted the DNA
using a Blood Mini DNA kit (A&A Biotechnology,
Gdynia, Poland). Individuals were then sexed by the
presence of one or two forms of the CHD genes in
their sex chromosomes (Griffiths et al. 1998). The
CHD gene was amplified with the 2550 F/2718 R
pair of primers (Fridolfsson & Ellegren 1999), fol
lowing the laboratory protocol of Remisiewicz and
Wennerberg (2006). The PCR products were sepa
rated with electrophoresis on 3.5% agarose gel
stained with Midori Green Advanced DNA Stain
(NIPPON Genetics). Samples that showed two
bands on the gel, indicating two forms of the CHD
gene, one from the W chromosome and the second
from the Z chromosome, were sexed as females;
single bands, indicating the same form of the CHD
gene from ZZ chromosomes, were sexed as males
(Fridolfsson & Ellegren 1999).
We measured and sexed 66 males and 50 females,
but not all biometrics had been taken from each
individual so sample sizes differed for certain mea
surements. Differences in morphological traits
between males and females were tested with a twosample t-test. A size dimorphism index (SDI) using
a percentage scale was calculated as in Lovich and
Gibbons (1992); greater sexual dimorphism was
indicated by a larger SDI value.

Sexual size dimorphism in Blacksmith Lapwing
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The spur lengths of 91 birds (51 males and 40
females) were measured. Fully developed spurs in
lapwings should be ivory coloured at the tip
(Marchant & Higgins 1993; Tree 1999). Rand
(1954) suggested that at least in some species,
including plovers, moult of the outer layer of the
horn covering the spurs results in shorter lengths
after the outer cap-like layer is shed. Thus only
spurs with an ivory tip, indicating adults, were ana
lysed. That reduced our sample size to 28 males and
30 females.
Body mass is seldom included in discriminant ana
lyses because of large seasonal fluctuations in migra
tory species on passage and over winter, especially
during the birds’ pre-migratory preparations (Clark
1979; Scott et al. 1994). But the Blacksmith Lapwing
is a sedentary or a nomadic species inhabiting the
Afrotropical zone and its body mass only exception
ally shows much seasonal variability (Turpie et al.
2005). Hence we included body mass in our discri
minant analysis as a measurement that may be sig
nificant, as reported for other sedentary species (e.g.
Vögeli et al. 2007; Cardoni et al. 2009; Herring et al.
2010; Henry et al. 2015) including other Lapwings
(Wakisaka et al. 2006; Cruz-Bernate et al. 2013).

models that include combinations of measurements
with the highest SDI value before comparing their
effectiveness.
As in other studies (Bluso et al. 2006; Shealer &
Cleary 2007; Gates et al. 2013; Meissner & Krupa
2016) prior probabilities were considered equal for
both groups despite the slightly male-biased sex
ratio in the sample. Discriminant equations pre
sented in this paper are based on unstandardized
canonical discriminant function coefficients, where
D < 0 indicates a female and D > 0 indicates a male.
We validated our discriminant functions with
a jackknife procedure, as suggested by DechaumeMoncharmont et al. (2011), where each case except
the instance being examined is classified using
a discriminant function based on all the other cases
(Miller 1964). To show the degree of overlap, bio
morphic measurements of the sexes at 95% predic
tion intervals are presented, a range of values likely
to contain the value of any single new observation
given the settings of the predictors (Patel 1989). The
statistical analyses were performed using Statistica
13.1 software (Dell Inc.) with an additional
Statistica macro file for the jackknife procedure
that was downloaded from http://sdn.statsoft.com.

Statistical analysis

Results

All data met the assumptions of the homogeneity of
variance (Brown–Forsyth test, P > 0.101) and nor
mality (Shapiro–Wilk test, P > 0.070), except for
body mass in males (Shapiro–Wilk test, W = 0.93,
P = 0.001). Nevertheless, we did not transform this
variable because discriminant analysis robustly with
stands homogeneity, especially for minor deviations
(Lachenbruch 1975; Tabachnick & Fidell 1996).
A backward stepwise discriminant function analy
sis was performed to determine which set of vari
ables best classified the sexes in our sample. In the
first approach, we excluded spur length from the
stepwise procedure because few birds in our sample
had sharp, ivory-tipped spurs. We did include spur
length in our second approach, because it was the
most sexually dimorphic trait though this reduced
our sample size. The inclusion of a morphometric
into the model was based on the Wilk’s Lambda
ratio, with a default minimum partial F to enter
the model equal to F = 3.84 and maximum partial
F to remove: 2.71 (Tacq 1997). We recognise criti
cisms of automated stepwise selection of variables
(Whittingham et al. 2006; Mundry & Nunn 2009,
but see: Dechaume-Moncharmont et al. 2011), so
we have presented the full model except for the
equation selected in the stepwise procedure and

Males were larger than females in all measurements
except bill length, which did not differ significantly
between the sexes (Table I). The most sexually
dimorphic trait was spur length, followed by body
mass, tarsus and tarsus-plus-toe length (Table I).
The tarsus length was highly correlated with the tar
sus-plus-toe length (r = 0.81) because the second
measurement contains the first. Hence only tarsus
length, which also showed greater sexual dimorphism,
was used in further analyses to avoid violating the
multicollinearity assumption of independent variables
in discriminant functions (Tabachnick & Fidell
1996). The two most dimorphic features, spur length
and body weight, had much larger coefficients of
variation than the other measurements (Table I),
which may affect their discriminatory power.
Measurements overlapped extensively, so most birds
were located in the overlapping zone of 95% predic
tion intervals, with similar proportions of males and
females (Figure 1).
In the stepwise procedure only the tarsus length was
selected, producing the equation D1 (Table II). The
full model with four measurements (D2) was only
slightly more effective. The model including only
spur length reduced the sample size to 28 males and
30 females but provided the equation (D5), which
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Table I. Differences in mean linear measurements between male and female adult Blacksmith Lapwings, with the sexual dimorphism
index (SDI) according to Lovich and Gibbons (1992) expressed in percent and the coefficient of variation (CV).
males

females

t-test

Measurement

Mean

SD

N

Mean

SD

N

t

p

SDI

CV

Wing [mm]
Head [mm]
Bill [mm]
Tarsus [mm]
Tarsus + toe [mm]
Spur [mm]
Body mass [g]

217.6
64.98
27.23
76.13
113.1
13.04
171.8

5.44
1.08
1.15
2.48
3.21
2.30
16.43

58
65
51
65
61
28
65

214.7
64.28
26.97
73.90
110.2
10.16
164.0

5.21
1.24
0.87
3.02
3.33
1.60
13.33

44
50
37
50
50
30
48

2.72
3.24
1.18
4.35
4.62
5.57
2.72

0.008
0.002
0.243
<0.001
<0.001
<0.001
0.008

1.4%
1.1%
1.0%
3.0%
2.6%
28.3%
4.8%

0.03
0.02
0.04
0.04
0.03
0.21
0.09

Figure 1. Relationship of the most dimorphic traits in male (black dots) and female (white dots) Blacksmith Lapwings against the tarsus
length. The ellipses show the 95% prediction intervals for a single observation, given the parameter estimates for the bivariate distribution
computed from the data for males (solid line) and females (dashed line).

produced the lowest misclassification rate and cor
rectly sexed 76% of the sample. Combining tarsus
length with spur length did not improve the effective
ness of discriminant function (D6) (Table II).
Equations D3 and D4 had lower discriminant power
than D5 and D6 (Table II). Equation D1 is preferable
because it contains only one measurement and has
similar discriminant power as the equations with
more measurements. The discriminant function
using spur length alone (D5) provided the highest
efficiency, but should be used with caution because
of our small sample considering that the power of
a discriminant analysis is lowered by small samples
(Tabachnick & Fidell 1996). Moreover, only spurs
with a sharp ivory tip should be considered Tree
(1999) which further limits the use of this equation

because only 64% of Blacksmith Lapwings caught for
this study had such a spur.
Using these equations to sex Blacksmith Lapwings
produces a slightly male-biased sex ratio because
more birds from the overlapping zone are classified
as males. If birds with D1 < −0.96 were identified as
females and those with D1 > 1.43 as males, only 5%
of males and 5% of females would be misclassified
(Figure 2), but would leave 70% of the individuals
unsexed. Allowing a misclassification of 10% would
shift the cut-off values to −0.86 for females and 0.90
for males, but reduce the number of unsexed birds to
55% (Figure 2).
In the sample of molecularly sexed Blacksmith
Lapwings only one female of 30 (i.e. 3%) had
a spur length within the range for males given by

Sexual size dimorphism in Blacksmith Lapwing
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Table II. Equations for calculating discriminant scores. The percentage of birds correctly sexed is given from the jackknife
procedure. TL – tarsus length, THL – total head length, WL – wing length, BM – body mass. SL – spur length.
Correctly sexed
Equation
D1
D2
D3
D4
D5
D6

=
=
=
=
=
=

0.366
0.228
0.316
0.066
0.508
0.067

TL – 27.541
TL + 0.342 THL + 0.030 WL + 0.012 BM - 47.849
TL + 0.021 BM - 27.306
BM – 11.089
SL – 5.867
TL + 0.485 SL – 10.643

Males

Females

78%
74%
77%
73%
83%
87%

52%
60%
52%
31%
67%
64%

All
66%
67%
64%
52%
76%
75%

Figure 2. Distribution of the discriminant score D1 calculated for females and males sexed molecularly. Grey bars – correct, white bars – incorrect
classification. Dotted lines show D1 with cut-off values of −0.96 and 1.43; dashed lines indicate cut-off values of −0.86 and 0.90, which enabled
correct classification for 95% of males and 90% of females.

Tree (1999), whereas 10 of 28 males (36%) fell in
the range of females (Figure 3). Hence, though
males on average have longer spurs than females,

many males had spurs within the range typical of
females, though all these males had ivory tips indi
cating adults. Moreover, 57% of females with an
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Figure 3. Distribution of the spur length in adult female and male Blacksmith Lapwings sexed molecularly, showing the range of spur
lengths for females (dashed line) and males (solid line) given by Tree (1999).

ivory spur tip also had a sharp tip, but all adult
males had spurs with sharp ivory tips.

Discussion
The small sexual size dimorphism we found in most
measurements of the Blacksmith Lapwing, except
for a much longer spur in males than in females,
may be explained in the context of sexual selection,
considering the type of displays and competition
between males in this territorial species. Wader size
dimorphism is an effect of sexual selection that
would affect the males’ mating success and the
females’ fecundity. Some studies have suggested
that in waders the magnitude of size dimorphism is
related to the mating system: males are larger in
polygynous species and females are larger in polyan
drous species (Jehl & Murray 1986; Jönsson &
Alerstam 1990). Moreover, in species with acrobatic

aerial displays, selection favours smaller males with
more rounded wings for agility and manoeuvrability,
but this selection pressure does not apply to males
that perform simple displays in the air or on the
ground (Figuerola 1999; Székely et al. 2000). The
Blacksmith Lapwing is socially monogamous and
territorial (Turpie et al. 2005). Their courtship
takes place mostly on the ground with some nonacrobatic aerial displays by both partners (Hall
1964). Male and female Blacksmith Lapwings
share parental care throughout incubation and
chick rearing (Hall 1964; Turpie et al. 2005).
Therefore, the limited dimorphism we found in
most morphometrics of this species may be related
to the weak competition between the sexes and thus
with weak intersexual selection. However, male
Blacksmith Lapwings are generally slightly larger
than females, as in other closely related species,
which would favour them in physical competition
with rivals. Male Blacksmith Lapwings are indeed

Sexual size dimorphism in Blacksmith Lapwing
more involved in aggressive behaviour and attack
other bird species twice as often as females, which
spend more time with the chicks (Hall 1964).
Similar patterns have been found in other
Lapwings (Ward 1989).
In both our measurements of the leg – tarsus and
tarsus-plus-toe length – sexual dimorphism was
more pronounced than in bill length. Blacksmith
Lapwings mostly take invertebrate prey from hard
or soft surfaces or from just below the surface of
mud or water and only occasionally forage in shal
low water (Hall 1964). A similar feeding pattern was
found in the Southern Lapwing Vanellus chilensis
(Cruz-Bernate et al. 2013) and in the Common
Sandpiper Actitis hypoleucos (Meissner & Krupa
2016), which also take prey mainly from the surface
and show little sexual dimorphism in bill length.
Hence a lack of sexual size dimorphism in bill length
would be expected in the Blacksmith Lapwing, as
suggested by Székely et al. (2000) for the whole
suborder Charadrii, because there is no niche segre
gation between males and females. The significant
sexual difference in the tarsus and tarsus-plus-toe
length could be an effect of the sexes’ different
roles in the scraping ceremony during courtship,
which involves kicking sand from the emerging
scrape (Turpie et al. 2005). In related African spe
cies, such as African Wattled Lapwing Vanellus sene
gallus, Kittlitz’s Plover Charadrius pecuarius and
Three-banded Plover Charadrius tricollaris, the male
usually prepares a scrape for the nest (Turpie et al.
2005). In Blacksmith Lapwings both sexes are
involved in the scraping ceremony (Hall 1964), but
Turpie et al. (2005) suggest that the behaviour is
mostly confined to the males.
Spur length showed the greatest sexual dimorph
ism, despite the high coefficient of variation, which
was much higher than for any other trait (Table I).
Many (46%) of the males had sharp ivory-tipped
spurs shorter than 13 mm, the lower limit for
males given by Tree (1999). The spur grows slowly
up to the fourth year, especially in males, and the
sharp tip assumes the ivory colour only during their
third year of life (Tree 1999). The spur is an epi
dermal structure that may moult, causing periodic
shortening, as Rand (1954) observed in Whiteheaded Lapwing Vanellus albiceps and in
Blacksmith Lapwing. Though evidence is scanty,
slow growth and moult may cause the short spurs
we found in so many males and thus the wide varia
tion of this measurement. Many male Blacksmith
Lapwings in our study had spur lengths within the
range given by Tree (1999) for females. That sug
gests he may have treated individuals with short
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spurs as females, especially because he could not
sex birds molecularly. The females’ spurs in our
study fitted much better in the range of lengths for
their sex provided by Tree (1999). Wing spurs are
used in intrasexual combat in some lapwings
(Cramp & Simmons 1983; Wakisaka et al. 2006)
and may therefore be subjected to intrasexual selec
tion, as are leg spurs in many Galliform species (von
Schantz et al. 1989; Stettenheim 2000), because
their length is positively correlated with physical
condition and dominance (Wittzell 1991; Mateos
& Carranza 1996). Morphological features used in
fights between males showed the greatest sexual
dimorphism in the Common Crane Grus grus
(Alonso et al. 2019), who suggested that the species’
male-biased sexual size dimorphism had evolved
through intra-male competition. We thus suggest
that the spur in the Blacksmith Lapwing reflects
the quality of the male, hence the largest sexual
dimorphism in this trait.
We recommend that Blacksmith Lapwings with
sharp ivory-tipped spurs of at least 14 mm should
be sexed as males. From our results the spur length
of 13 mm proposed by Tree as the lowest value for
sexing males would produce a misclassification of
7%. Birds with blunt ivory-tipped spurs may be
sexed as females. However, considering the small
sample of birds with fully developed spurs that we
sexed molecularly, we recommend a cautious appli
cation of these criteria. The large overlap in mor
phometrics of the sexes limits the accuracy of the
discriminant function derived in this study, as found
in other Lapwing species (Wakisaka et al. 2006;
Cruz-Bernate et al. 2013). Hence, only molecular
analysis achieves accurate sexing of all individual
Blacksmith Lapwings in any study. The discrimi
nant function developed in this study may be an
effective tool for sexing this species if individuals
with a discriminant score from D1 between −0.86
and 0.90 are treated as unsexed, but from our study
this would fail to sex 55% of the individuals. No
geographical variation in size has been reported for
the Blacksmith Plover (Turpie et al. 2005).
Therefore our results likely apply to all populations
that inhabit southern Africa, but we recommend
using them with caution because only limited data
is available on the biometrics of this species through
out its breeding range.
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