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SUMMARY 

 

Separation of feathers by objective methods improves the reliability and applicability 

of the moulted feathers sampling system. Our aim was to develop a simple and 

inexpensive method for the preselecting of samples, what can be performed even on the 

field and results could be helpful for the experts on different research areas (breeders, 

geneticists, bioinformaticians, physiologists, evolutionists, immunologists, industry 

experts, etc.). Eurasian Collared Dove Streptopelia decaocto and CommonPigeon 

Columba livia forma domestica moulted feather samples were separated by using 

morphometric methods. Primary, feathers from hunted or dead birds were studied. 

Morphometric parameters of feathers were measured and then statistical analysis 

(Descriptive Statistics, Discriminant Analysis, Logistic Regression) was performed to 

compare the two species. We present three variables (diameter of calamus, length of 

rachis and width of complete vane) for test methods, what is suitable for the 

characterization of the species. The most important result of this study is to demonstrate 

the applicability of morphometric methods in order to identify the moulted feathers. Our 

study confirmed the possibility of sure separation and identification the feathers of the 

two studied species. We recommend preparing for further studies in case of other 

species, based on the used methodology andthe creation of a database that makes it 

easier to identificate the moulted feathers in the future. 
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INTRODUCTION 

 

Non-invasive sampling methods are increasingly used for scientific studies. Moulted 

feathers are an inexpensive, easy and fast alternative sample collection method in 

ornithological researches. The use of moulted feathers is increasingly became common 

in scientific research, primarily for ethological, conservation and population genetic 

studies (Taberlet et al., 1999). This method has several advantages and disadvantages. 

The main advantage is that a relatively small quantity of feathers contains sufficient 

genomic DNA for study. Due to the small quantity of the sample, the collection, 

storage, and transport of samples is easier and more cost effective than that of other 

methods. A further benefit of the method is that it do not lead to the death of the 

animal's, damage or disturbance and therefore do not pose a risk to the their fitness. 

Among the disadvantages of the method, there is a low quantity and/or poor quality of 

extractable DNA and the danger of sample contamination (Taberlet et al., 1999; 

McDonald and Griffith, 2011). Another disadvantage is that the species from which the 

sample was taken cannot always be identified. The latter is particularly important for 

closely related and/or morphometrically similar species. The Eurasian Collared Dove 

(Streptopelia decaocto) and the Common Pigeon (Columba livia forma domestica) have 

a similar body size, habitat use and some Common Pigeon colour variations have very 

similar colour to Eurasian Collared Dove's feather colour. The two species equally 

prefer rural areas, where there is significant agriculture, but they are also present in 

urban parks and gardens (Coombs et al., 1981; Chamberlain et al., 2005). Practical 

experience indicates that it is not always possible to determine the species that left 

behind a moulted feather. Feathers of Columbidae were examined in several cases. 

Bachmann et al. (2007) used a morphometry methodology during a study of the 

background of the silent flight wing of Barn Owl Tyto alba and Common Pigeon 

Columba livia feathers. In their study, morphometric data for wing feathers were 

recorded and compared. Selection pressure on different aspects of feather morphology, 

which is directly related to flight performance, was determined by measuring the 
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morphometric data of primary, secondary and rectrix feathers (Møller et al., 2009). Four 

characteristics were measured which are as follows, calamus width, calamus length, 

feather length and feather width, to quantify the feather morphology in Common Wood 

Pigeons Columba palumbus. Hingee and Magrath (2009) showed that Crested Pigeons 

Ocyphaps lophotes, which have modified flight feathers, produce distinct wing 

‘whistles’ in alarmed flight and that individuals take off in alarm only after the playback 

of alarmed whistles. It was shown that the 8
th

 primary feather is firmly modified 

(narrower) such that the whistling sound during the take off of a startled animal is not 

only a by-product of the flight but is an audible alarm for other members of the flock. 

Spectrometry and morphometric methods were used in the study of neck feathers of the 

Mourning Dove Zenaida macroura to understand the dynamic changes in feather 

colours (Shawkey et al., 2011). Feathers are neither innervated nor vascularized and, 

therefore, any colour change must be caused by external stimuli. It follows that the 

structure and physical condition of feathers has a significant impact on the colours. The 

results suggested that some plumage colours may be more malleable than previously 

thought. Moneva et al. (2011) used primary, secondary and tail feathers in a geometric 

morphometric analysis and found that Common Pigeons Columba livia exhibit similar 

feather mean shapes between genders. Even so the variance values showed a high 

variation within and between sexes for different locations of the feathers. Identification 

marks for Common Pigeon and Eurasian Collared Dove were also described by Blasco-

Zumeta and Heinze (2006a, 2006b), but they presented only pictures and no exact data 

on the morphometric characteristics of Columbidae feathers. 

Our objective was to develop a method suitable for the separation of moulted feathers 

of two species to use for species-level identification. Furthermore, the new method may 

be a simple, inexpensive tool for use in the field. 

 

MATERIALS AND METHODS 

 

Samples of Eurasian Collared Dove (n= 25) and Common Pigeon (n= 11) were 

collected from hunted or dead birds in a Central-Hungarian (Előszállás) and an East-

Hungarian (Hajdúnánás) town. Entire birds or the primary feathers were stored at -20 

°C for further study. Primary feathers were used only in this study, because these has 
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most suitable size for DNA isolation, and case of these the most difficult to identify the 

species. The feathers and variables were marked and labelled with a code (P= primary; 

LR= length of rachis; LCV= length of complete vane; WCV=width of complete vane; 

LIV=length of inner vane; DIV=depth of inner vane; LOV= length of outer vane; 

DOV= depth of outer vane; LC= length of calamus; DC= diameter of calamus). 

Primaries were numbered from the inside out. Digital callipers and graph paper were 

used for the morphometric examination. Nine size recording points were determined. 

IBM SPSS Statistics 21 (IBM Corp., Armonk, New York, United States) software was 

used for the statistical evaluation. In some cases, data were missing due to injury or 

moulting. These data were replaced using a multiple linear regression. The right and left 

feathers were analysed together. This possibility was checked previously paired two-

sample t-test. The homogeneity of variances of groups was analysed using Levene's test. 

Depending on the result of the Levene’s test, paired samples t-test or Welch's t-test was 

used to carry out pairwise comparison of the feathers. Characteristic values of species' 

variables were obtained by Descriptive Statistics. The selection of most powerful 

predictive variables were used Discriminant Analysis. The selection of variables to 

ensure the greatest explanatory power combination was carried out using Logistic 

Regression with Forward Stepwise method. 

 

RESULTS 

 

Paired samples t-test and Welch's t-test show that the averages of the two groups 

(species) are significantly different from each other. Table 1 shows the Predictive Power 

of variables based on Discriminant Analysis. Predictive Power of variables was high, 

but none of them could explain significantly alone the classification of species. 

Predicted Group Membership (%) column shows the model accuracy of the 

classification of feathers based on variables. Table 2 shows the explanatory power of 

variables combinations in each feather position based on Discriminant Analysis and 

Logistic Regression. 

Based on results we suggest use the three most informative variables for feather 

separation and identification on species level. These are the follows: diameter of 

calamus (DC), length of rachis (LR) and width of complete vane (WCV). The collected 
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moulted feathers were compared based on these three sizes using the Confidence 

Intervals of feathers (Table 3). Thereby, the species which moulted the feather can be 

identified in an objective and exact way. The case of doubt it recommended 

involvement of additional variables based on Table 1 and Table 2. 

 

Table 1 Predictive Power of variables based on Discriminant Analysis 

***p<0,001 

 

  

   Predicted Group Membership (%) 

Variabl

e 

Wilks' 

Lambda 

Predictive 

Power (%) 

Eurasian Collared 

Dove 

Common 

Pigeon 

DC ,144*** 85,6 100 100 

DIV ,167*** 83,3 98,0 95,5 

DOV ,296*** 70,4 96,0 90,9 

LC ,263*** 73,7 100 95,5 

LCV ,214*** 78,6 100 90,9 

LIV ,224*** 77,6 100 90,9 

LOV ,211*** 78,9 100 90,9 

LR ,114*** 88,6 100 95,5 

WCV ,161*** 83,9 100 100 



Z. Bagi – J. Posta – Sz. Kusza 

26 

 

Table 2 The selection of variables to ensure the greatest explanatory power combination 

by logistic regression. Numbers indicate that variable were used which step in model. "
 

a
" Nagelkerke R Square was 1 and Classification Results were 100% in csae of both 

species 

 

  

 DC DIV DOV LC LCV LIV LOV LR WCV 

P10       1; 2; 3a 1 1; 2a 

P9  1      1; 2a  

P8 1; 2a 1        

P7         1a 

P6     1; 2; 3a   1; 2a 1 

P5        1a  

P4 1  1; 2; 3a      1; 2a 

P3 

  

1; 2; 

3a; 4a; 

5a 

  4a; 5a 
1; 2; 

3a; 4a 
 

3a; 4a; 

5a 

P2 1   1; 2; 3a  1; 2    

P1 1; 3; 4; 

5; 6a; 

7a; 8a 

2; 3; 4  
6a; 7a; 

8a 
7a; 8a   

3; 4; 5; 

6a; 7a 

4; 5; 

6a; 7a; 

8a 
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Table 3 Confidence Intervals of the three greatest explanatory power variable (p<0,05) 

 

DISCUSSION 

 

Morphometric examination has long been used to separate bird species, but usually 

used several sizes of body, for example body mass, culmen length, bill depth, bill, tarsus 

and wing length (Cuthbert et al., 2003; Gómez-Díaz et al., 2006; Liordos and Goutner, 

2008). Feather is less used in the species identification. This is probably due to the fact 

that most studies have used live birds and therefore difficult to measure the feathers. 

Length of primary number 10 had one of the most informative morphometric variable 

when Alström et al. (2011) separated three cryptic species in Arctic Warbler 

(Phylloscopus borealis). Our objective was to develop a simple and inexpensive method 

to preselect moulted feather samples that can be performed in the field using simple 

tools. Morphometric methods were suitable for the separation of feathers at the species 

level. The diameter of calamus (DC), length of rachis (LR) and width of complete vane 

(WCV) variable values were primarily species specific in this morphometric study. The 

combination of variables is suggested to obtain reliable results. In case of Collared Dove 

 DC LR WCV 

 Eurasian 

Collared Dove 

Common 

Pigeon 

Eurasian 

Collared Dove 

Common 

Pigeon 

Eurasian 

Collared Dove 

Common 

Pigeon 

 95% Confidence Interval of the 

Difference 

95% Confidence Interval of the 

Difference 

95% Confidence Interval of the 

Difference 

 Lower 

(mm) 

Upper 

(mm) 

Lower 

(mm) 

Upper 

(mm) 

Lower 

(mm) 

Upper 

(mm) 

Lower 

(mm) 

Upper 

(mm) 

Lower 

(mm) 

Upper 

(mm) 

Lower 

(mm) 

Upper 

(cm) 

P10 2,44 2,55 2,72 3,022 136,40 140,64 172,47 180,16 16,05 17,13 19,73 23,07 

P9 
2,31 2,38 2,72 2,92 140,52 145,44 177,15 188,31 17,21 18,34 22,20 25,11 

P8 2,26 2,34 2,82 2,98 140,39 146,45 169,99 179,28 17,79 19,01 25,34 27,66 

P7 2,19 2,28 2,72 2,82 133,64 138,52 160,80 170,29 18,55 19,76 n.d. n.d. 

P6 2,23 2,32 2,60 2,78 125,19 131,70 151,69 158,40 19,42 20,56 26,68 29,21 

P5 2,15 2,26 2,46 2,67 119,95 124,89 151,69 158,40 20,82 22,01 27,51 29,04 

P4 n.d. n.d. 2,50 2,67 114,30 119,14 133,64 138,54 n.d. n.d. 26,66 29,03 

P3 2,08 2,15 2,38 2,57 111,42 114,46 120,56 124,76 20,41 21,94 26,24 28,09 

P2 1,97 2,09 2,38 2,57 107,37 111,31 120,56 124,76 20,63 21,92 24,60 26,06 

P1 1,88 1,98 2,27 2,47 104,12 107,92 115,06 120,76 20,92 22,35 24,98 26,37 
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primary feathers has not been performed morphometric examination, therefore, there 

had no comparison basis for our results. These types of examinations can be used to 

separate the species, the reliability of the methods can be increased using a larger 

number of samples and other data-capturing techniques, such as age or sex. Further 

investigations are planned to study the applicability of the method in Columbidae 

species, such as Common Wood Pigeon (Columba palumbus), European Turtle Dove 

(Streptopelia turtur) and Barbary Dove (Streptopelia risoria). Later, the study will be 

extended to other genera, such as Phasianidae, Anatidae, and Accipitridae. The main 

goal is to create a database that contains the appropriate variables and their values for 

identification. We propose that this method can be applied in many other areas. For 

example, it may be useful for separating protected and huntable species pairs in judicial 

procedures or for species that cause economic damage. For example, one field of 

application of the method may be the identification of Cormorant subspecies 

(Phalacrocorax carbo carbo and Phalacrocorax carbo sinensis) on fish farms. 

Separation of the two species is currently only possible on the basis of the beak. This 

distinction is important because the P. c. carbo is a game bird, however, the P. c. 

sinensis is strictly protected species in Hungary (Köm, 2001). Moreover, this method 

may be an inexpensive alternative to DNA tests in aviation, when it is important to 

identify the bird species correctly. Our developed method could be useful for detecting 

rare bird species in their habitat because it left only indirect evidence behind (moulted 

feathers). Another possible area that may benefit from this method is pheasant breeding. 

Pheasant breeding currently uses mixed flocks, which likely contain several species and 

subspecies. The morphometric method- which was presented in this study -can improve 

the efficiency of breeding selection. Therefore, the method can accelerate the 

development of the two most important properties, flight ability and tail feather size. 
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A balkáni gerle (Streptopelia decaocto) és a házi galamb (Columba livia forma 

domestica) vedlett tollainak egzakt elkülönítése és morfometriai jellemzése 
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ÖSSZEFOGLALÁS 

 

A tollak objektív módszerekkel való megkülönböztetése és azonosítása 

kulcsfontosságú a vedlett tollas mintagyűjtési módszer alkalmazhatósága és 

megbízhatósága szempontjából. Célunk egy olyan egyszerű és gyors módszer 

kidolgozása volt, mely által még a terepen elvégezhető a tollak előválogatása. Ezáltal 

segítve a módszert alkalmazókat a legkülnfélébb területeket ideértve (állattenyésztők, 

genetikusok, ornitológusok, természetvédelmi szakembrek, evolúcióbiológusok, 

immunológusok, ipari szereplők, stb.). A balkáni gerle és az elvadult házi galambok 

elsődleges evezőtollait morfometriai módszerrel különítettük el. A vizsgálat során a 

tollak különböző méreteit rögzítettük, majd statisztikai próbákkal (leíró statisztika, 

diszkriminancia analízis, logisztikus regresszió) kerestük a szignifikáns 

különbözőségeket. Eredményeink alapján három változó (cséve átmérője, tollgerinc 

hossza, teljes zászló szélessége) alkalmas a fajok elkülönítésére, illetve azonosítására. A 

vizsgálat legfontosabb eredménye a morfometriai módszerek alkalmazhatóságának 

bizonyítása volt a vedlett tollak faji szintű azonosítása során. Jelen vizsgálat mindössze 

két fajra terjed ki, ezért javasoljuk adatbázis létrehozását további fajok bevonásával, így 

elősegítve a tudományos vizsgálatokban egyre nagyobb teret nyerő vedlett tollas 

mintagyűjtés hatékonyságának javítását. 

 

Kulcsszavak: Columbidae; leíró statisztika; diszkriminancia analízis; logisztikus 

regresszó; toll karakterisztika; geometriai vizsgálat; nem-invazív mintagyűjtés 
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