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The black-throated tit, Aegithalos concinnus, and long-tailed tit, A. caudatus, are two widely-distrib-

uted species of Aegithalidae. They are thought to be monomorphic and thus difficult to differentiate 

between sexes in the field. We determined the sex of 296 black-throated tits and 129 long-tailed tits 

using DNA analysis, evaluated their sexual size dimorphism, and developed discriminant models 

to identify sex based on morphometrics, including bill length, bill depth, bill-head length, maximum 

tarsus length, tarsus width, wing length, tail length, total body length, and body mass. Both species 

were sexually dimorphic in size, with males having larger measurements than females, except for 

bill length in black-throated tits, and both bill length and body mass in long-tailed tits. Moreover, 

both species showed similar sexual size dimorphism (SSD) among the morphological features, with 

tail length having the highest SSD value. The multivariate discriminant models for sex identification 

had an accuracy of 82% for both species, which was slightly higher than the best univariate dis-

criminatory model for each species. Because of the complicated nature of the multivariate model, 

we recommend univariate models for sex identification using D = 0.491 × tail length – 24.498 (accu-

racy 80%) for black-throated tits and D = 0.807 × wing length – 45.934 (accuracy 78%) for long-tailed 

tits. Females in both species showed generally higher morphological variation than did males, 

resulting in lower accuracies in all discriminate functions regardless of univariate or multivariate 

approach. This could be the result of a sex-biased selective pressure in which males have higher 

selective pressures for these morphological features.

Key words: Aegithalos concinnus, A. caudatus, morphological measurements, sexual size dimorphism, 

sex identification, discriminant analysis

INTRODUCTION

Conspicuous sexual dimorphism is a feature of many 

species of animals (Lande, 1980). For birds with obvious 

sexual dimorphism in size or plumage, it is a reliable means 

of determining the sex of individuals (Reynolds et al., 2008). 

However, this is not the case for those species without 

obvious plumage or size differences between sexes. 

Although the presence of cloacal protuberance in males or 

brood patch in females, or the observation of copulation and 

courtship behaviors are reliable methods for sexing mono-

morphic birds, they can only be used during breeding 

periods and for mated individuals (Wilson, 1999; Fletcher 

and Hamer, 2003). DNA-based sex identification provides a 

solution to the problem (Griffiths et al., 1998) and has been 

used widely (Radford and Blakey, 2000; Pike and Petrie, 

2006; Lislevand et al., 2009). However, this method is not 

always available for ornithologists, due to the requirement of 

laboratory facilities and trained staff (Clarke et al., 2002; 

Reynolds et al., 2008), and the technique does not allow for 

quick identification at the time of capture (Clarke et al., 

2002). Many aspects of behavioral and ecological studies, 

such as demography, sex ratios, population viability analy-

sis, territorial behavior, life history, and population manage-

ment through translocation of nestlings, require knowledge 

of the sexes of individuals (Piper and Wiley, 1991; Alarcos 

et al., 2007; Helander et al., 2007). Thus, it is desirable to 

develop a simple approach to determine sex of individuals. 

Compared to the above methods, discriminant function anal-

ysis based on morphological measurements is a useful 

method and has been widely used to sex avian species, 

such as waterbirds (Fletcher and Hamer, 2003; Reynolds et 
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al., 2008), raptors (Helander et al., 2007; Pitzer et al., 2008) 

and passerines (Blanco et al., 1996; Wilson, 1999; Brady et 

al., 2009).

The black-throated tit, Aegithalos concinnus, and long-

tailed tit, A. caudatus, are widely distributed species in the 

family Aegithalidae (Zheng, 2002). The former is found in 

southeast Asia, while the later is distributed throughout 

Eurasia (Zheng, 2002) with an overlapping distribution of 

their subspecies A. concinnus concinnus and A. caudatus 

glaucogularis in central China (Zheng, 2005). Both species 

have been studied extensively (e.g. Fang and Ding, 1997; 

Hatchwell, 1999; Hatchwell et al., 2000, 2002, 2004; 

Fletcher and Hamer, 2003; Zhou et al., 2003; Guo et al., 

2006) and almost all such studies required knowledge of the 

sexes of individuals. However, like other Aegithalidae spe-

cies, the two species are apparently sexually monomorphic 

and difficult to distinguish by sex in the field (Harrap, 2008). 

Although Hatchwell et al. (2004) mentioned males usually 

had longer wings and tarsi than females among long-tailed 

tits, no detail was provided. In the present study, we inves-

tigated sex-related morphological variations of these two 

Aegithalidae species and developed univariate and multi-

variate discriminant functions for identifying sex using mor-

phologic traits.

MATERIALS AND METHODS

Morphometric measurements

Fieldwork was conducted in the Dongzhai National Nature 

Reserve (31.95°N, 114.25°E), which is in the south of Henan Prov-

ince in central China and within the Dabieshan Mountains. The 

reserve is at the transitional region between the subtropical and 

temperate zones, and is 

characterized by rich 

avian diversity. As a part 

of a larger study of the 

biology and ecology of 

black-throated tits and 

long-tailed tits, adult birds 

were captured with mist 

nets and each bird was 

marked with unique com-

binations of color rings in 

2008 and 2009. Mor-

phometric measurements 

taken from each individual 

using a digital caliper (±
0.01 mm) included bill 

length (exposed culmen), 

bill depth (maximum 

depth of the bill taken 

from the position before 

the joint of the bill and 

head feathers to the distal 

tip of the bill), bill-head 

length (from the bill-tip to 

the center of the back of 

the skull), maximum 

tarsus length (the length 

between the outside of 

the tarsus joints) (Gosler, 

2004), and tarsus width 

(minimum width of the 

tarsus approximately at its 

mid-point). We also mea-

sured wing length (maximum flattened chord, from carpal joint to the 

tip of longest primary), tail length (from the insertion of the middle 

rectrix to the tip of the longest rectrix) and total body length (from 

the tip of bill to the tip of the longest retrix while straightening the 

bird out laid on its back on a ruler) using a ruler (± 0.5 mm). The 

body mass of the birds was determined with a digital balance (±
0.01 g).

Molecular sexing

Blood samples were taken from all individuals through veni-

puncture of the brachial vein, wiped with alcohol swabs. The sam-

ples were stored in refrigerators (–40°C or –80°C) before laboratory 

processing. Genomic DNA was extracted using TIANamp Genomic 

DNA kit (TianGen Biotech, CO., Ltd. China). We employed primers 

of sex1′/sex2 (Wang et al., 2010) for molecular sex identification. 

PCR was performed in a total volume of 20 μL mixture, containing 

about 400 ng DNA, 0.5 μM of each primer, 10 × PCR Buffer, 1.5 

mM MgCl2, 0.2 mM of each dNTP and 0.75 U Taq DNA polymerase 

(all reagents were from Takara). Thermal cycling conditions were 

as follows: initial denaturation at 94°C for 5 min, followed by 34 

cycles of 94°C for 30 s, 50°C for 45 s, 72°C for 45 s, and a final 

extension at 72°C for 5 min. PCR products were then separated on 

2.5% agarose gels stained with ethidium bromide and visualized 

under UV light. Females can be discriminated as having two bands, 

whereas males display one band. We used 11 female and three 

male black-throated tits, 15 female and 19 male long-tailed tits, 

whose sex were known based on the brood patch and behaviors 

during breeding season, to test the accuracy of this method. All of 

these birds were correctly sexed.

Statistical analysis

Although wing lengths in both species showed non-normal dis-

tributions, we performed an independent-samples t-test to compare 

the differences of each morphological measurement between sexes 

Table 1. Body measurements (in millimeters, except body mass, in grams), coefficient of variation (CV) and 

sexual size dimorphism (SSD) of black-throated tits, Aegithalos concinnus, and long-tailed tits, A. caudatus, 

captured in Dongzhai National Nature Reserve, Henan, China in 2008 and 2009. CV = (SD/
–
x) 100; SSD = [(male 

mean/female mean) – 1] × 100; a, body mass; b, bill length; c, bill depth; d, bill-head length; e, maximum tarsus 

length; f, tarsus width; g, wing length; h, tail length; i, total body length; NS, not significant; **, P < 0.01; ***, P < 

0.001.

Females Males
SSD t-test

n Range Mean ± SD CV n Range Mean ± SD CV

Black-throated tit

BMa 123  4.83–7.40  5.72 ± 0.42 7.4 171  5.18–8.00  5.97 ± 0.35 5.9 4.3 ***

BLb 124  5.02–6.51  5.77 ± 0.33 5.7 171  5.07–6.79  5.81 ± 0.32 5.5 0.7 NS

BDc 124  2.39–3.29  2.94 ± 0.14 4.6 171  2.76–3.31  3.08 ± 0.11 3.7 4.9 ***

BHLd 124 20.26–22.51 21.38 ± 0.40 1.9 171 20.88–22.66 21.77 ± 0.38 1.7 1.8 ***

MTLe 124 15.99–19.99 17.43 ± 0.63 3.6 171 16.30–19.26 17.64 ± 0.52 2.9 1.2 **

TDf 123  1.07–1.51  1.32 ± 0.10 7.3 171  1.15–1.60  1.38 ± 0.09 6.6 4.7 ***

WLg 124  45.0–54.0  48.7 ± 1.4 2.9 172  47.0–53.5  50.4 ± 1.3 2.5 3.5 ***

TLh 123  43.0–57.0  48.3 ± 2.2 4.5 169  45.5–57.5  51.1 ± 2.0 3.8 5.9 ***

TBLi 123  88.0–104.0  96.5 ± 2.9 3.0 170  90.0–111.5 100.7 ± 3.1 3.0 4.4 ***

Long-tailed tit

BMa  58  6.00–9.30  7.22 ± 0.69 9.6  68  6.01–8.50  7.39 ± 0.45 6.2 2.3 NS

BLb  60  5.15–6.80  6.07 ± 0.37 6.0  69  5.29–6.93  6.17 ± 0.34 5.4 1.6 NS

BDc  60  2.93–3.48  3.21 ± 0.14 4.4  69  3.08–3.67  3.34 ± 0.13 3.8 4.1 ***

BHLd  60 21.75–23.22 22.41 ± 0.34 1.5  69 22.07–23.54 22.76 ± 0.36 1.6 1.6 ***

MTLe  60 16.62–19.09 17.88 ± 0.55 3.1  69 16.80–19.96 18.39 ± 0.60 3.3 2.8 ***

TDf  60  1.17–1.65  1.38 ± 0.08 5.9  68  1.28–1.67  1.44 ± 0.08 5.5 3.9 ***

WLg  60  52.0–59.0  56.0 ± 1.4 2.5  69  54.0–60.0  57.8 ± 1.1 1.9 3.3 ***

TLh  60  55.5–75.0  61.4 ± 2.9 4.7  69  52.0–70.0  64.4 ± 3.3 5.1 4.9 ***

TBLi  60 107.5–123.5 115.5 ± 3.4 3.0  69 106.5–128.5 119.8 ± 4.2 3.5 3.8 ***
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for each species, as our sample sizes were relatively large (Lumley 

et al., 2002; Zar, 2010). We used [(male mean/female mean) – 1] ×
100 (Lovich and Gibbons, 1992) to determine the sexual size dimor-

phism (SSD, %) for each measurement of both species, which 

could overcome some statistical problems associated with using 

ratios as an index of SSD (e.g. improper scaling, asymmetry around 

a central value) (Lovich and Gibbons, 1992). We also calculated 

within-sex coefficients of variation (CV) as [(SD/
–
x ) × 100] (Fletcher 

and Hamer, 2003) for all measurements in each species.

For morphological characters with significant differences 

between the sexes, discriminant function analyses with a single 

variable (univariate discriminant function analysis) and multiple vari-

ables (multivariate discriminant function analysis) were conducted 

to develop models for sex identification. As our aim was to deter-

mine the best combination of morphological traits for predicting sex, 

but not to detect the causal relationship between the sex and the 

traits, we followed other studies to use a stepwise method in the 

multivariate discriminant analyses (e.g. Alarcos et al., 2007; Shealer 

and Cleary, 2007; Zavalaga et al., 2009). In both univariate and 

multivariate discriminant analyses, an individual was classified as 

female when the discriminant score was negative and male when it 

was positive. The leave-one-out cross-validation was used to test 

the reliability of the discriminant functions (Devlin et al., 2004; 

Zavalaga et al., 2009).

We did not consider age effects, as most birds that we cap-

tured had adult plumage and differed from juveniles’ duller and 

drabber plumage (Harrap, 2008). Body mass was not included in 

the discriminant function analysis for its possible variation due to 

confounding sources (e.g. age, temperature, capturing season, and 

time in a day) (Baldwin and Kendeigh, 1938). Sample size differ-

ences among analyses for each gender of each species reflect 

missing values (Table 1, Table 2). All tests and analyses were per-

formed with SPSS v.16.0. We reported mean with standard deviation 

(SD). Statistical tests were considered significant when P < 0.05.

RESULTS

Among the 300 black-throated tits and 134 long-tailed 

tits, 296 and 129 birds respectively were successfully sexed 

by the molecular method, and were used to investigate sex-

ual size dimorphism. Both species were sexually dimorphic 

in size, with males having significantly larger measurements 

than females, with the exception of bill length in black-

throated tits, and bill length and body mass in long-tailed tits 

(Table 1). The overall body size of male black-throated tits 

was 3.5 ± 1.8% larger than females (based on averaged 

SSD), while male long-tailed tits were 3.1 ± 1.2% larger than 

females of that species. The SSD varied from 0.7% for bill 

length to 5.9% for tail length in black-throated tits and from 

1.6% for bill and bill-head lengths to 4.9% for tail length in 

long-tailed tits (Table 1). Traits with non-significant differ-

ences in the two species were among those showing 

smaller sexual size dimorphism (Table 1). There were low 

correlations among morphometric measurements (Table 2). 

Wing length, tail length, and total body length had the high-

est correlation in black-throated tits (r = 0.62 to 0.69, P < 

0.01) and in long-tailed tits (r = 0. 44 to 0.69, P < 0.01).

In both species, bill-head length and wing length had the 

lowest within-sex variation, while body mass, bill length, and 

tarsus width had the highest (Table 1). The mean CV of the 

nine measurements tended to be larger among females than 

males in both species (black-throated tit: 4.54 vs 3.95%; 

long-tailed tit: 4.52 vs 4.03%), but neither difference was sig-

nificant (black-throated tit: t = 0.69, df = 16, P = 0.50; long-

tailed tit: t = 0.50, df = 16, P = 0.62).

Table 2. Pearson correlations of morphological measurements for 

black-throated tits, Aegithalos concinnus, (low left diagonal) and 

long-tailed tits, A. caudatus, (upper-right diagonal) captured in 

Dongzhai National Nature Reserve, Henan, China in 2008 and 

2009. a, body mass; b, bill length; c, bill depth; d, bill-head length; e, 

maximum tarsus length; f, tarsus depth; g, wing length; h, tail length; 
i, total body length; NS, not significant; *, P < 0.05; **, P < 0.01; ***, P

< 0.001.

BMa BLb BDc BHLd MTLe TDf WLg TLh TBLi

BMa r 0.04 0.19 0.27 –0.03 0.25 0.17 0.26 0.36

P NS * ** 0.713 ** 0.052 ** ***

n 126 126 126 126 125 126 126 126

BLb r –0.05 0.31 0.47 0.18 0.12 0.11 0.10 0.16

P NS *** *** * NS NS NS NS

n 293 129 129 129 128 129 129 129

BDc r 0.24 0.30 0.42 0.17 0.33 0.48 0.26 0.39

P *** *** *** NS *** *** ** ***

n 293 295 129 129 128 129 129 129

BHLd r 0.30 0.34 0.46 0.28 0.30 0.27 0.32 0.42

P *** *** *** ** ** ** *** ***

n 293 295 295 129 128 129 129 129

MTLe r 0.08 0.09 0.12 0.27 0.27 0.32 0.34 0.26

P NS NS * *** ** *** *** **

n 293 295 295 295 128 129 129 129

TDf r 0.05 0.17 0.35 0.34 0.25 0.26 0.30 0.28

P NS ** *** *** *** ** ** **

n 292 294 294 294 294 128 128 128

WLg r 0.20 0.07 0.36 0.35 0.25 0.29 0.44 0.48

P ** NS *** *** *** *** *** ***

n 294 295 295 295 295 294 129 129

TLh r 0.24 0.15 0.33 0.31 0.13 0.27 0.69 0.69

P *** * *** *** * *** *** ***

n 291 291 291 291 291 290 292 129

TBLi r 0.30 0.12 0.42 0.4 0.18 0.34 0.62 0.64

P *** * *** *** ** *** *** ***

n 292 292 292 292 292 291 293 291

Table 3. Accuracy of discriminant functions with single and 

multiple measurements for sexing black-throated tits, Aegithalos 

concinnus, and long-tailed tits, A. caudatus, captured in Dongzhai 

National Nature Reserve, Henan, China in 2008 and 2009.

Wilks’s λ df P
Accuracy (%)

Female Male Total

black-throated tit

Bill depth 0.753 1 0.000 58.9 83.0 72.9

Bill-head length 0.803 1 0.000 54.8 78.9 68.8

Maximum tarsus length 0.968 1 0.002 28.2 83.6 60.3

Tarsus depth 0.904 1 0.000 39.8 79.5 62.9

Wing length 0.721 1 0.000 66.1 80.8 74.7

Tail length 0.677 1 0.000 71.5 85.8 79.8

Total body length 0.669 1 0.000 67.5 88.2 79.5

Multiple variables 0.518 4 0.000 75.4 86.3 81.7

long-tailed tit

Bill depth 0.804 1 0.000 58.3 69.6 64.3

Bill-head length 0.800 1 0.000 60.0 71.0 65.9

Maximum tarsus length 0.837 1 0.000 65.0 72.5 69.0

Tarsus depth 0.898 1 0.000 53.3 69.1 61.7

Wing length 0.642 1 0.000 75.0 81.2 78.3

Tail length 0.811 1 0.000 70.0 75.4 72.9

Total body length 0.756 1 0.000 70.0 72.5 71.3

Multiple variables 0.512 4 0.000 78.3 85.5 82.2
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The accuracy of sexing using a single variable varied 

from 60 to 80% for black-throated tits and 62 to 78% for 

long-tailed tits (Table 3). Feather-related traits (wing length, 

tail length and total body length) showed higher accuracies 

than other traits. Tail length in black-throated tits and wing 

length in long-tailed tits provided the most accurate sex 

identification (Table 3). The corresponding functions were D 

= 0.491 × tail length – 24.498 and D = 0.807 × wing length – 

45.934.

Multivariate discriminant function analyses produced 

multivariate models: D = 3.202 × bill depth + 0.692 × bill-

head length + 0.250 × tail length + 0.123 × total body length 

– 49.310 for black-throated tits, and D = 1.147 × bill-head 

length + 0.529 × wing length + 0.534 × maximum tarsus 

length + 0.073 × total body length – 74.302 for long-tailed 

tits, with the accuracy of 82% for both species. Accuracy 

was higher in males than in females: 86% for males in both 

species and 75% and 78% for females of black-throated tits 

and long-tailed tits, respectively (Table 3). Cross validation 

of the functions obtained by the above analyses showed 

similar accuracy patterns regardless of whether a univariate 

or multivariate approach was used (Table 3, Fig. 1).

DISCUSSION

Most bird species show some degree of sexual differ-

ence, either in color (sexual dichromatism) or size (sexual 

dimorphism) (Gosler, 2004). Like many species previously 

thought to be monomorphic (Kenward et al., 2004; 

Siefferman et al., 2007), our 

study showed that black-

throated tits and long-tailed 

tits are sexually dimorphic in 

most morphometrics mea-

sured in this study. Male 

black-throated tits were 

larger than females in all 

measurements except bill 

length, and male long-tailed 

tits were larger than females 

in all measurements except 

bill length and body mass. 

Interestingly, black-throated 

tits exhibited sexually dimor-

phic body mass, but long-

tailed tits did not. This differ-

ence might be the result of 

the high variability in body 

mass among individuals 

within both sexes (Baldwin 

and Kendeigh, 1938), which 

was supported by high CVs 

of body mass (Table 1). 

When we eliminated body 

mass from the analyses, the 

SSDs of different morpholog-

ical features in the black-

throated tit were, in increas-

ing order, bill length, maxi-

mum tarsus length, bill-head 

length, wing length, total 

body length, tarsus depth, bill 

depth, and tail length (Table 1). This order was also consis-

tent in the long-tailed tit except the positions of bill-head 

length and maximum tarsus length were reversed (second 

and third) (Table 1). This suggests that the relative size of 

the SSD value for a given morphological feature among all 

features are relatively consistent between the two species,

which may be due to the fact that both species belong to the 

same genus.

Sexual selection hypothesis is one of the most common 

explanations of SSD (Webster, 1997; Szekely et al., 2000; 

Raihani et al., 2006; Dale et al., 2007). Considering Aegitha-

lidae species are known for their relatively long tails – the 

family is commonly referred to as the long-tailed tit family 

(Harrap, 2008) – the highest SSD value of tail length among 

all the measured morphological traits in both species sug-

gest that sexual selection may play a role. However, this and 

other hypotheses seeking to explain SSD in the two species 

(reviewed by Blondel et al., 2002) are not the focus of this 

study, and remain to be tested. Many species previously 

considered as sexually monochromatic have recently been 

discovered to be otherwise under ultraviolet light (Hunt et 

al., 1998; Mays et al., 2004; Santos, Elward and Lumeij, 

2009). It will also be interesting to test Aegithalidae species 

for sexual dichromatism within the full extent of avian visual 

discriminatory abilities, including, but not limited to, UV-

visual capabilities (Eaton, 2005).

Morphological traits of the two species that had a rela-

tively higher SSD value and a lower CV (e.g. feather-related 

Fig. 1. Classification results of the sex of birds by discriminant analysis: (A) black-throated tits, 

Aegithalos concinnus, using D = 0.491 × tail length – 24.498 and (B) long-tailed tits, A. caudatus, using 

D = 0.807 × wing length – 45.934. A bird is assigned to the female group when discriminant score is less 

than zero, otherwise it is assigned to the male group.
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traits) showed higher accuracy in univariate discriminant 

function analysis. The results suggest that the accuracy of 

each univariate discriminant model was the combined result 

of CV and SSD values of the morphological traits. Of the 

lowest SSD values (with body mass and bill length 

excluded) bill-head length and maximum tarsus length 

showed lower accuracies. Tarsus width in both species was 

among the poorest variables for sex identification, due to its 

high CV and the large overlap between sexes, although this 

trait did have high SSD values.

Compared to the most accurate univariate discriminant 

model, a multivariate discriminant model with four variables 

increased the overall accuracy of sex identification for both 

species. However, the improvement was limited (black-

throated tit from 80% to 82%; long-tailed tit from 78% to 

82%) (Table 3). The 82% accuracy is lower than some sim-

ilar studies (e.g. Chouths, Pyrrhocorax pyrrhocorax, 100%, 

Blanco et al., 1996; Northern shrikes, Lanius excubitor, 

97.4%, Brady et al., 2009), but is higher than others (e.g. 

sooty terns, Onychoprion fuscata 77.8%, Reynolds et al., 

2008). Age is an important factor affecting body size varia-

tion (Sweeney and Tatner, 1996; Berlin et al., 2001; Alarcos 

et al., 2007), which might contribute partially to a decrease 

in the accuracy of our sex identification. Since the more 

complicated multivariate discriminant models yielded little 

increase in accuracy compared to univariate models, we 

recommend using the single variable model with the highest 

accuracy for sex identification, which is tail length for black-

throated tits and wing length for long-tailed tits.

It was interesting that, in general, females in both spe-

cies showed higher morphological variation (CV) than 

males. All discriminate functions, both univariate and multi-

variate, showed higher male-biased accuracies. This could 

be the result of a sex-biased selective pressure in which 

males are subject to higher selective pressures for these 

morphological features. Combining behavioral observations 

with discriminant analysis methods is a possible approach 

for improving the accuracy of sex identification in these two 

species.

In summary, this study showed that several morphomet-

ric characteristics for both black-throated tits and long-tailed 

tits are sexually dimorphic. This allowed us to identify sex in 

these two species using morphological measurements. 

When gender identification of individuals in the field is nec-

essary and molecular methods are not available, discrimi-

nant analysis can be a useful method for identifying sex. 

Both black-throated tit and long-tailed tit have several sub-

species and wide distributions (Zheng, 2005; Harrap, 2008). 

Most of the measurements of the two species in our study 

lie well within the range of the results from other reports (La 

Touche, 1925–1930; Martens and Eck, 1995; Harrap and 

Quinn, 1996) with some differences between subspecies of 

long-tailed tits (La Touche, 1925–1930; Vaurie, 1972). 

Considering the morphological variation and intraspecific 

genetic differentiation among subspecies (especially in 

black-throated tit) (Päckert et al., 2010) it is necessary and 

interesting to investigate the geographical variations of mor-

phological traits and the accuracy of discriminant models for 

different subspecies and populations. Due to the small size 

of Aegithalidae birds, caution should be taken when measur-

ing their morphological traits, as even a slight inaccuracy 

can lead to a relatively large error in measurements. 

Researchers should also be careful about using the method 

if the birds are in molt or have heavily worn plumage.
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