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There are several different methods of classifying Insect. One of these methods that were used in this 
research is Geometric Morphometric of wing to study the variation shape and size of the right front 
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INTRODUCTION 
 
The Honeybee, Apis mellifera, is social insects noted for 
providing their nests with large amounts of honey . A colony of  
honeybees is a highly complex cluster of  individuals that 
functions virtually as a single organism. Honeybee 
(Hymoneptera: Apidae) is also a social insect known as the 
most economically valuable insect because of its honey 
production and pollinating activities (Lawal and Banjo, 2010). 
A. mellifera otherwise known as western honeybee is naturally 
spread in Europe, Africa and Western Asia (Howpage, 1991; 
Miguel et al., 2011). A. mellifera is about 1.2 cm (about 0.5 
inch) long, the head and thorax, or midsection, are somewhat 
bristly and vary in colour according to the strain. Two large 
compound eyes and three simple eyes, or ocelli, are located on 
top of the head. Keen eyesight is complemented by two
sensitive, odour-detecting antennae (Encyclopedia Britannica, 
2012). as regards the environment shows that the species 
possesses such plasticity and genetic variability that t
give rise to the selection of development cycles suited to 
different environmental conditions 
Rattanawannee et al., 2010). The shape of organisms and their 
biological structures have been of scientific interest for 
centuries. This is understandable because biological shape of 
the most conspicuous aspects of an organism’s phenotype
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ABSTRACT 

There are several different methods of classifying Insect. One of these methods that were used in this 
research is Geometric Morphometric of wing to study the variation shape and size of the right front 
wing of Iraqi honeybee worker collected from the provinces of Baghdad and Diyala in Iraq. 
Geometric Morphometric is an essential tool for honey bee races discrimination and characterization. 
Such vital tool has been applied widely in honey bee researches. 
centriod size of the right front wing is 764.34 and 768.92 for 
provinces respectively and did not show any significant differences in the mean of the centroid size 
for the right front between the colonies of the two provinces. When reclassification percent using 
discriminate analysis the results showed that the all specimens of Baghdad and Diyala provinces are 
completely identical. Furthermore results showed that no significant differences between
of Baghdad and Diyala provinces in the size and shape of the right front wing by using Analysis of 
variance.   
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provides a link between the genotype and the environment 
(Ricklefs and Miles, 1994). There is a strong relationship 
between morphometric structures and clim
that adaptation and natural selection are occurring. Several 
works with A. mellifera
characteristics showed that there is a strong influence of the 
environment in the morphology of the same ones (Milne 
1986). Various honey bee colonies, races and species were 
discriminated by employing morphometric analysis(Raina and 
Kimbu, 2005; Farhoud and Kence, 2005; 
Nedić et al., 2011). Many studies have shown that wings of 
many insect species including that of intraspecific groups or 
populations and subspecies can be identified based on wing 
morphology alone(Gaston and O’Neill, 2004; Steinhage 
2007). For example, the development of geometric 
morphometric analysis defined as a statistical
(Marcus et al., 1996) has been employed to clarify the 
relationships of closely related taxa such as bees (Aytekin
al., 2007; Drauschke et al., 2007; Mendes 
et al., 2006, 2008), Diptera (de la Riva 
and Shirriffs 2002; Moraes 
(Gumiel et al., 2003; Jaramillo 
successful in the taxonomy of honeybees subspecies and 
temporal variations in populations of Africanized honeybees 
(Francoy et al., 2009). The common method for the 
characterization and classification of honey bee subspecies is 
based mainly on measuring honey bee wing characters, which
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were considered as strong tool (Rattanawannee et al., 2010). 
Standard morphometric was used in honey bee studies by 
measuring different wing angles, indices and distances 
(Ruttner, 1988) while geometric morphometric was used in 
honey bee studies by measuring the coordinates of fore wing 
points to calculate the centroid size (Tofilski, 2008). Not many 
studies were done on geometric morphometric of honey bees. 
Concerning hind wings, only hind wing distances and number 
of hooks were used widely during morphometric studies 
(Abou- Shaara et al., 2012) but no hind wing angles were 
incorporated in the morphometric analysis previously Wing 
characters were found to be affected by different factors             
e.g. temperature (Tan et al., 2005), season (Mattu and Verma, 
1984) and bee age (Herbert et al., 1988). The right fore and 
hind wings were used by some authors during their 
morphometric analysis (Andere et al., 2008; Uzunov et al., 
2009; Mladenović et al., 2011 and Abou-Shaara et al., 2012) 
while left wings were used by others (Bouga and Hatjina, 2005 
and Tofilski, 2008). Fluctuating asymmetry and directional 
asymmetry were studied by some authors (Smith et al., 1997 
and Schneider et al., 2003). Smith et al. (1997) found that 
honey bee drones were with higher directional asymmetry than 
females while Schneider et al. (2003) found higher fluctuation 
asymmetry of shape for European and hybrid workers than for 
African workers. This research aims to determine the effect of 
environmental conditions on the variation of the shape and size 
of the wing of a worker honeybee Iraqi collected from two 
different regions in Iraq by using Geometric Morphometric of 
Wing.  
 

MATERIALS AND METHODS  
  
Research Site and Collection of Specimens  
 
This research was performed in the Zoology laboratory, 
Department of Biology, Faculty of Education for pure Science, 
University of Diyala, Diyala. Iraq. Random Specimens of 30 
honeybee workers were collected from 2 colonies situated in 
the Baghdad and Diyala provinces in Iraq 15 Specimen from 
each colony for each province, Where the coordinates of the 
Baghdad province, is 33˚ 15 N, 44˚ 29 E and the annual 
average temperature is 32.99c◦  and the rate of annual rainfall 
is 160.5Mm , While the coordinates of Diyala province, is 33˚ 
35 N , 44˚ 35 E and the annual average temperature is 33.63c◦ 
and the rate of annual rainfall is 190.8Mm . Specimens of the 
honeybee collected were stored separately in 70% ethanol in a 
small labeled container according to their province of 
collection. 
 
Specimens processing and data collecting  
 
All right front wings were processed and mounted on glass 
slides with Hoyer mounting solution. The right front wing 
images were captured using a digital camera on a 
stereomicroscope (40X). The study used 16 landmarks (Fig. 1) 
following type I (venation intersections) design Bookstein 
(1991). The coordinates of landmarks were digitized by the 
COO module of software (see “Software”). The connections 
between 16 landmarks provided polygons used for further 
analysis, including comparison of wing size and shape. The 
coordinates of landmarks were superimposed (translation, 

scaling, rotation) using the MOG module (see “Software”) 
which computed procrustes superimposition, centroid sizes, 
and partial warps (as shape variables). 

 

 
    
Fig. 1. Sixteen landmarks on the A. mellifera right front wing used in wing 

geometric analysis 

 
Size 
 
Centroid size, an isometric estimator of wing size, was 
calculated from the square root of the sum of the squared 
distances between the centre of the polygon and each 
landmark. Then all centroid size values and their variances 
were compared by non-parametric analysis based on 
permutations (1000 runs).  
 
Shape 
 
The shape variables of the wings were computed with 
discriminate analysis (Caro-Ria˜no, et al., 2009).  
 
Software 
 
Collecting landmarks made use of the COO module. Centroid 
size and partial warp scores were obtained from the MOG 
module. All discriminate analyses were PAD module . 
Analysis of asymmetry in the shape and size of the wing were 
performed by the ASI module (software components are 
available at http://www. mpl.ird.fr/morphometrics) .  
 

RESULTS  
 

 
 

X = of – 0.405 to 0.364, Y = of – 0.134 to 0.171 
Fig. 2. Mean coordinates of landmark in the right front wing of Iraqi 
honeybee worker, Yellow color represents Baghdad province specimens 
and Green color represents Diyala province specimens 
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X = of – 553.094 to 410.906 , Y = of - 522.094 to 146.6 
 
Fig. 3. Output of consensus configuration by the GPA Procrustes 
superimposition method locating the 16 landmarks for each 
individual wing of the two colonies. Yellow color represents 
Baghdad province specimens and Green color represents Diyala 
province specimens 
 
 

Fig. 4. Variation of the centroid size of wings for Iraqi honeybee 
worker A.mellifera according to localities Baghdad and Diyala, 
Each box shows the group median separating the 25 th and 75 th 
the quartiles. Vertical bars under the boxes represent the wings 
numbers 1 and 2 in the Fig. represent Baghdad and Diyala 
provinces respectively. Units are pixels. P, percentile 
 

 

 
 

Fig. 5. Variation of the centroid size of wings for Iraqi honeybee 
worker A. mellifera according to localities Baghdad and Diyala , 
Each box shows the group median separating the 10 th and 90 th 
the quartiles. Vertical bars under the boxes represent the wings 
numbers 1 and 2 in the Fig. represent Baghdad and Diyala 
provinces respectively. Units are pixels. P, percentile 

 
 

X = of – 0.022 to 0.023 , Y = of – 0.025 to 0.020  
  

Fig. 6. Scatter plot of the principle component analysis of Iraqi honey bee 
worker A.mellifera colonies according to localities Baghdad and Diyala 
provinces based on Geometric Morphometric, Brown spots represent 
Baghdad province specimens and Blue spots represents Diyala province 
specimens, Brown square represent mean centroid size of the right front 
wing for the Baghdad province specimens = 764.34 and Blue square 
represent mean centroid size of the right front wing for the Diyala 
province specimens = 768.92  

 

 
  
Fig. 7. Discriminate analysis of two colony Iraqi honeybee worker 
A. mellifera. The Mahalanobis distances between centroids size 
were as follows: Baghdad province specimens to Diyala province 
specimens = 37.66, Black color in this figure represented to 
Baghdad province specimens and White color represented to 
Diyala province specimens.  
 

Table 1. Compared the centroid size of the right front for Iraqi 
honeybee worker A.mellifera between specimens of Baghdad and 

Diyala provinces 
 
Provinces M.CS St.D Va. F P T P A.D 

Baghdad 764.34 14.06 197.77 1.99 0.21 0.73 0.47 4.59 
Diyala 768.92 19.84 393.57      

 
M.CS: Mean centroid size, St.D: Standard Deviation, Va.: Variance,  

P :Probability, A.D : Absolute differences  
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Table 2. Analysis of variance for asymmetry right front wing size 
of Iraqi honeybee worker A.mellifera specimens of Baghdad and 

Diyala provinces 
 

Source SS df MS F Signification 

Modal 422.29 3 140.77 0.42 0.74 
Individual 403.92 1 403.92 1.21 0.28 
Side 5.65 1 5.65 0.02 0.89 
Side•i 12.72 1 12.72 0.04 0.85 
Residu 7993.38 24 333.06   

 
Table 3. Analysis of variance for asymmetry right front wing 

shape of Iraqi honeybee worker A. mellifera specimens of 
Baghdad and Diyala provinces 

 
Source SS df MS F Signification 

Modal 0.0013 84 0.000015 0.76 0.95 
Individual 0.0005 28 0.000017 0.84 0.70 
Side 0.0004 28 0.000013 0.62 0.94 
Side•i 0.0005 28 0.000016 0.80 0.76 
Residu 0.0137 672 0.000020   

 

DISCUSSION  
 

Insect wings are the most appropriate structures for geometric 
morphometric studies (Dvorak et al., 2006). The result of this 
study showed that the worker honeybees from Baghdad and 
Diyala provinces were more similar, As is evident in Fig. 2, 
which shows the coordinates of each match landmarks placed 
on the right front wing for all specimens of Baghdad and 
Diyala provinces. In addition, the results also showed that 
overlapping specimens between Baghdad and Diyala 
provinces, as is evident in the Fig.3 when using principle 
component analysis PCA of the 16 wing landmarks. The mean 
centriod size of the right front wing is 764.34, 768.92 for 
specimens Baghdad and Diyala provinces, respectively. The 
results of the statistical analysis using test F and T tests no 
significant difference in the centroid size  of wing right front 
between specimens Baghdad and Diyala provinces as shown in 
Table 1. And also there is no variation in the centriod size of 
the right front wings for Iraqi honeybee worker A. mellifera 
according to localities Baghdad and Diyala when the the 
median group separating the 25 th and 75 th the quartiles and 
10 th and 90 th the quartiles, As shown in the Fig. 4, 5 
respectively.  
 
When using the Principal Component Analysis showing 
clustering between specimens Baghdad and Diyala provinces 
as shown in the Fig. 6.  Furthermore, the results of discriminate 
analysis showed that no significant differences between 
specimens Baghdad and Diyala provinces and the Mahalanobis 
distances between centroids size  of the right front wings for 
specimens Baghdad and Diyala provinces is 37.66 when 
reclassification percent using discriminate analysis the results 
showed that the all specimens of Baghdad and Diyala 
provinces Are completely identical as shown in the Fig. 7.  
Also used in this study, analysis of variance to determine the 
asymmetry wings size and shape, results showed that no 
significant differences between specimens Baghdad and Diyala 
provinces as shown in the Table 2, 3 respectively. The lack of 
variation in the shape and size of the right front wing of the 
Iraqi honeybee worker between two colonies insects from 
Baghdad and Diyala province, may be due to several reasons, 

Including the convergence of the environmental conditions of 
symmetry in terms of annual temperature and rainfall annually 
in both Baghdad and Diyala province,  In addition, near the 
Baghdad province of Diyala province, where the distance 
between them is about 70 km , As well as the occurrence of 
Baghdad, Diyala province, on the same latitude and longitude . 
According to Gaston (2000) several mechanisms are said to be 
determinant of biological diversity under the influence of 
environmental variables correlated with latitude. Within the 
Order Hymenoptera, environmental variation clearly is the 
most important determinant of phenotypic variation 
(Castanheira, 2005 and Owen, 2009).  In recent years, human 
interventions are also playing key roles in the distribution and 
maintenance of species (Zeder et al., 2006 and Venturieri, 
2009). The results of this study are consistent with the results 
of (Combey et al., 2013) this study showed that the different 
environmental conditions have an impact on the phenotypic for 
African bees. In another study carried out by (Nunes, et al., 
2012)  that differing site presence honeybees in terms of 
latitude and longitude have a clear impact on the shape and size 
of the wing and body and a basket of pollen grain.    
 

Conclusion  
 

In this study the results showed that the lack of variation in the 
shape and size right front wing of the Iraqi honeybee worker 
collected from the provinces of Baghdad, Diyala, using the 
Geometric Morphometric of wing, and this shows that it 
belonged to one species   because of the convergence of the 
environmental conditions of asymmetry in both provinces, and 
Geometric Morphometric is a powerful tool for the 
classification of insects and The discovery of variation between 
species of different environmental conditions, And also is an 
easy way to classify the species belonging to the one genus. 
And also can by Geometric Morphometric discovery degree of 
convergence among the many genus belonging to the same 
family, order and draw a family tree. This method is 
inexpensive material compared with molecular methods. 
 

REFERENCES  
 
Abo-Shaara, H.F., Drza, K.A., AL-aw M. and Eid, K. 2012. 

Stability of honey bee morphological characters within 
open populations. Uludag Bee Journal, 12,1, 31-37. 

Andere, C., Garcia, C., Marinelli, C., Cepeda, R., RodrIguez, 
E.M. and Palacio, A. 2008. Morphometric variables of 
honeybees Apis mellifera used in ecotypes 
characterization in Argentina. Ecological Modelling, 214, 
53–58. 

Aytekin, A.M., Alten, B., Caglar, S.S., Ozbel, Y., Kaynas, S., 
Simsek, F.M., Erisoz Kasap, O. and Belen, A. 2007. 
Phenotypic variation among local populations of 
phlebotomine sand flies (Diptera: Culicidae) in southern 
Turkey. Journal Vector Ecological, 32: 226-234. 

Bookstein, F.L. 1991. Morphometric Tools for Landmark 
Data. Cambridge University Press. 435 pp. 

Bouga, M. and Hatjina, F. 2005. Genetic variability in Greek 
honey bee (A. mellifera L.) populations using geometric 
morphometrics analysis. Proceedings of the Balkan 
scientific conference of biology in Plovdiv (Bulgaria), 1st 
-19th May, p. 598–602. 

11322       Dr. Ammar Ahmed Sultan, Studying the variation of wing shape and size for iraqi honey bee worker apis mellifera (hymenoptera : apidae) collected 
from baghdad and diyala provinces by using geometric morphometric of wing 

 



Caro-Ria˜no H., Jaramillo N. and Dujardin, J.P. 2009. Growth 
changes in Rhodnius pallescens under simulated domestic 
and sylvatic conditions. Infect Genet Evol., 9, 162–8. 

Castanheira, E. A. and Contel, E. P. B. 2005. Apic. Res. 44: 
101-105. 

Combey, R., Stephanie, J., Teixeira, G., Bonatti, V., Kwapong, 
P. and Francoy, T. M. 2013. Geometric morphometrics 
reveals morphological differentiation within four African 
stingless bee species. Annals of Biological Research, 
2013, 4 (11):93-103 

De La Riva, J.F., Pont, L.E., Ali, V., Matias, A., Mollindo, S. 
and Dujardin, J.P. 2001. Wing geometry for studying the 
Lutzumyia longipalpis (Diptera: Psychodidae) Complex – 
Mem. Inst. Oswaldo Cruz., 96: 1089-1094. 

Drauschke, M., Steinhage, V., Pogoda, A. and Müller S. 2007. 
Reliable Biometrical Analysis in Biodiversity Information 
Systems. In: Proceedings of the 7th International 
Workshop on Pattern Recognition in Information Systems 
(Fred and Jain AK, eds.). INSTICC (Institute for Systems 
and Technologies of Information, Control and 
Communication) Press, Funchal, 25-36. 

Dvorak, V., Aytekin, A.M., Alten, B., Skarupova, S., Votypka, 
J. and Volf, P. 2006. A comparison of the intraspecific 
variability of Phlebotomus sergenti Parrot, 1917 (Diptera: 
Psychodidae). Journal Vector Ecological, 31: 229-238. 

Farhoud, H. J. and Kence, M. 2005. Morphometric and 
mtDNA analysis in honeybee populations (Apis mellifera 
L.) of north and northwest Iran. Proceedings of the Balkan 
scientific conference of biology in Plovdiv (Bulgaria), 1st 
-19th May, p. 594–597. 

Francoy, T.M., Prado, P.R.R., Goncalves, L.S., Costa, L.D.F. 
and Jong, D. 2006 . Morphometric differences in a single 
wing cell can discriminant Apis mellifera racial 
types. Apidologie., 37:91-97. 

Francoy, T. M., Silva, R. A. O., Nunes-Silva, P., Menezes, C. 
and Imperatriz-Fonseca, V. L. 2009. Gen. Mol. Res., 8: 
207-214. 

Francoy, T.M., Bezerra-Laure, M.A.F., Jong, D.D., Wittmann, 
D., Drauschke, M., Muller, S., Steinhage, V. and 
Goncalves, L.S. 2008. Identification of Africanized honey 
bee through wing Morphometrics: two fast and efficient 
procedures. Apidologie., 39 : 488 - 494. 

Gaston, K.J. 2000. Global patterns in biodiversity. Nature, 405: 
220-227 

 Gaston, K.J. and O’Neill, M.A. 2004. Automated species 
identification: why not? Philos. Trans. R. Soc. Lond B 
Biol. Sci., 359: 655-667. 

Herbert, E.W., Sylvester, H.A., Vandenberg, J.D. and 
Shimanuki, H. 1988. Influence of nutritional stress and the 
age of adults on the morphometrics of honey bees (Apis 
mellifera L.). Apidologie, 19,3,221-230. 

Hoffmann, A.A. and Shirriffs, J. 2002. Geographic variation 
for wing shape in Drosophila serrata. Evolution, 56, 
1068–73. 

Howpage, D. 1991. The apiculture development project of 
Srilanka. Journal Beekeeping, Dev. 19, 10-11.  

Jaramillo, N., D., Castillo and Wolff, M. 2002. Geometric 
morphometric difference between Panstrongylus 
geniculatus from field and laboratory. Mem. Inst. 
Oswaldo Cruz, 97: 667-673. 

Lawal, O.A. and Banjo, A.D. 2010. Appraising the beekeeping 
knowledge and perception of pests problem in beekeeping 
businness at different ecological zones in South-Western 
Nigeria. World Journal of Zoology, 5(2): 137-142. 

Marcus, L.F., Corti, M., Loy, A., Naylor, G.J.P. and Slice, 
D.E. 1996. Advances in Morphometrics, pp: 587. Nato 
ASI Series vol. 284. Plenum Press New York. 

Mattu, V.K. and Verma, L.R. 1984. Morphometric studies on 
the Indian honey bee, Apis cerana indica F. Effect of 
seasonal variations. Apidologie, 15,63-74. 

Mazeed, A. M. M. 2004. Microtaxonomy of honey bees(Apis 
mellifera) in Egypt using wing venation pattern. Bulletin 
of Faculty of Agriculture of Cairo University, 55 (2): 273-
284. 

Mendes, M. F. M., Francoy, T. M., Nunes-Silva, P., Menezes, 
C. and Imperatriz-Fonseca, V. L. 2007. Bioscience 
Journal 23: 147-152. Uberlándia.  

Miguel, I., Baylac, M., Iriondo, M., Manzano, C., Garnery, L. 
and Estonba, A. 2011. Both geometric morphometric and 
microsatellite data consistently support the differentiation 
of the Apis mellifera M evolutionary branch. – Apidologie 
42: 150- 161. 

Milne, C. P. Jr., Hellmich, R.L. and Prices, K. J. 1986. 
Corbicular size in workers from honeybee lines for high or 
low pollen hoarding. Journal of Apicultural Research, 25 
(1): 50-52. 

Mladenovic, M., Renata, R., Stanisavljevic, L.Z. and Rasic, S. 
2011. Morphometric traits of the yellow honeybee (Apis 
mellifera carnica) from Vojvodina (Northern Serbia). 
Archives of Biological Science, 63,1,251-257.  

Moraes, E.M., Manfrin, M. H., Laus, A.C., Rosada, R.S., 
Bomfin, S.C. and Sene, F.M. 2004. Wing shape 
heritability and morphological divergence of the sibling 
species Drosophila mercatorium and Drosophila 
paranaensis. Heredity, 92: 466-473. 

Nedic, N., Jevtic, G., Jez, G., Andelkovic, B., Milosavljevic, S. 
and Kostic, M. 2011. Forewing differentiation of the 
honey bees from Serbia. Biotechnology in Animal 
Husbandry, 27,3,1387-1394. 

Nunes, L. A., De Araújo, E. D., Marchini, L. C. and Moreti,  
A. C. 2012. Variation morphogeometrics of Africanized 
honey bees (Apis mellifera) in Brazil. Iheringia, Série 
Zoologia, Porto Alegre, 102(3):321-326. 

Owen, R. E. 2009. Applications of Morphometrics to the 
Hymenoptera, particularly Bumble bee (Bombus: Apidae). 
Morphometrics. 1-30. 

Raina, S.K. and Kimbu, D.M. 2005. Variations in races of the 
honeybee Apis mellifera (Hymenoptera: Apidae) in 
Kenya. International Journal of Tropical Insect Science, 
25,4,281–291.  

Rattanawannee, A., Chanchao, C. and Wongsira, S. 2010. 
Gender and Species Identification of Four Native Honey 
Bees (Apidae: Apis) in Thailand Based on Wing 
Morphometic Analysis. Annals of the Entomological 
Society of America, 103,6,965-970. 

Ricklefs, R. E. and Miles, D. B. 1994. Ecological and 
evolutionary inferences from morphology: an ecological 
perspective. In P. C. Wainwright and S. M. Reilly, eds. 
Ecological morphology, Univ. of Chicago Press, Chicago. 

Ruttner, F. 1988. Biogeography and taxonomy of honeybees, 
Springer- Verlag, Berlin.  

11323                          International Journal of Current Research, Vol. 7, Issue, 01, pp.11319-11324, January, 2015 
 



Schneider, S.S., Leamy, L.J., Lewis, L.A. and Degrandi-
hoffman, G. 2003. The influence of hybridization between 
African and European honeybees, Apis mellifera, on 
asymmetries in wing size and shape. Evolution, 
57,10,2350–2364.  

Shaibi, T., Fuchs, S. and Moritz, R.F.A. 2009. Morphological 
study of Honeybees (Apis mellifera) from Libya. 
Apidologie, 40,97–105.  

Smith, D.R., Crespi, B.J. and Bookstein, F.L. 1997. 
Fluctuating asymmetry in the honey bee, Apis mellifera: 
effects of ploidy and hybridization. Journal of 
Evolutionary Biology, 10,551-574.  

Steinhage V., Schroder S., Lampe K., Cremers A.B. 2007. 
Automated extraction and analysis of morphological 
features for species identification, in: MacLeod, N. (Ed.), 
Automated object identification in systematic: theory, 
approaches, and applications, CRC Press, Boca Raton, 
Florida. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tan, K., Bock, F., Fuchs, S., Streit, S., Brockmann, A. and 
Tautz, J. 2005. Effects of brood temperature on honey bee 
Apis mellifera wing morphology. Acta Zoologica Sinica, 
51,4,768-771.  

Tofilski, A. 2008. Using geometric morphometrics and 
standard morphometry to discriminate three honeybee 
subspecies. Apidologie, 39,558–563.  

Uzunov, A., Kiprijanovska, H., Andonov, S., Naumovski, M. 
and Gregorc, A. 2009. Morphological diversity and racial 
determination of the honey bee (Apis mellifera L.) 
population in the Republic of Macedonia. Journal of 
Apiculture Research, 48,3,196 – 203.  

Venturieri, G. C. 2009. Genetics and Molecular Research 8 
(2): 684-689. 

Zeder, M. A., Emshwiller, E., Smith, B. D. and Bradley, D. G. 
2006. Trends in Genetics, 22: 139–155. 

 
 

******* 

11324       Dr. Ammar Ahmed Sultan, Studying the variation of wing shape and size for iraqi honey bee worker apis mellifera (hymenoptera : apidae) collected 
from baghdad and diyala provinces by using geometric morphometric of wing 

 


