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 Because of their economic and ecological importance, high adaptation capacity, wide 
distribution and capacity to effectively adapt to different regions, studying the 

differences between the two species of honeybees is important. The current study 

quantitatively describes wing shape variations between A. cerana and A. mellifera from 

Lanao del Norte, Philippines using the geometric morphometric method. A landmark-

based geometric morphometric analysis was carried out in the right forewing of worker 

honeybees using thin plate spline and relative warp analysis. The study showed that the 
two species are statistically different as supported by Multivariate Analysis of Variance 

(MANOVA), Discriminant Function Analysis (DFA) and Kruskal-Wallis Test.  A. 

cerana is found to have elongated 1st medial cell, 2nd cubital cell and 1st submarginal 
cell compared to A. mellifera. Difference in their wing shape could be attributed to their 

foraging ranges since A. cerana can forage shorter distance compared to A. mellifera. 
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INTRODUCTION 

 

 A majority of world’s food resources is coming from plants that are either relying on or receive an 

advantage from insect pollination (Oldroyd & Nanork, 2009) especially by honey bees (Richards, 2001). This 

insect group is considered the most economically valuable pollinator in the world. They pollinate crops that are 

used to feed cattles for meat and dairy products.  

 All of the present honey bees appear to have their origin in South and South East Asia (including the 

Philippines), except one (i.e. Apis mellifera), and are considered to be native to these regions (Smith, 

Villafuerte, Otisc & Palmer, 2000). The Asiatic honeybee Apis cerana, locally known as “ligwan” is one of the 

native species of honey bees in the Philippines while the western honeybee Apis mellifera is an introduced 

species by the Americans for modern beekeeping or apiculture. A. cerana has been similarly described as the 

exact equivalent of A. mellifera, the European honeybee. Both occupy a large ecological range of climatic 

conditions, from cool regions in higher latitudes and altitudes, to dry, semi-desert environments, as well as 

tropical climates. Differences in the timing of mating flights, sex attractants (pheromones) and drone 

congregation areas were also reported to be important in establishing and maintaining isolation between 

different Apis species (Koeniger and Koeniger, 2000; Ruttner, 1988).  

  In appearance, the Western and Asiatic honey bees are distinguishable from each other through their 

general body sizes. A. cerana are generally smaller than A. mellifera (Oldroyd and Wongsiri, 2006). However, 

remarkable morphological variation has been found within species of both A. cerana and A. mellifera, with non-

tropical bees being larger than tropical bees, and bees at high altitude being larger than those at low altitude 

(Ken, Fuchs, Koeniger and Zan, 2003; Ruttner, 1988; Verma, Mattu and Daly, 1994). Although A. cerana tend 

to be smaller in general, there is some overlap between larger, cool climate A. cerana and smaller, warm-climate 

(African) A. mellifera (Ruttner, 1988).  A. cerana have more prominent and consistent striping on their abdomen 

with even black bands across the entire abdomen, whereas A. mellifera tend to have uneven black stripes with 

thinner stripes at the front of the abdomen and thicker black stripes towards the back of the abdomen (making it 

appear more yellow at the front and darker at the back). However, coloration is notoriously variable in nature, 

and the most reliable morphological characteristic that distinguishes A. cerana from A. mellifera, used for 

taxonomic species identification, is the extension of the radial vein on the hind wing, which is absent in A. 

mellifera (Ruttner, 1988). 
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 As prototypical honeybees of the East and the West, A. cerana and A. mellifera are two important honeybee 

species that are widely bred and studied. Recent work on the two species has revealed that both geographical 

isolation and long-term evolutionary divergence are responsible for differences between the two species in key 

biological characteristics including shape, individual development and living habit, etc. (Chen, 2001; Zeng, 

2009). However, in the Philippines, especially in Mindanao Island, there had been no study conducted to 

determine the morphometric variation in A. cerana and A. mellifera. Identification of strains of these two species 

was based primarily in their ecology and behavior (Ruttner, 1988). In recent years, identifying and 

differentiating strains and subspecies have been carried out using automatic identification programs (Francoy et 

al., 2006, 2008; Tofilski, 2008)and with advances in imaging, statistics and geometry, a very useful tool known 

as geometric morphometrics (GM) have become popular in describing quantitatively variations in 

morphological structures. GM is a technique of quantitative description of shape based on Cartesian coordinates 

(Slice, 2007) and has been used successfully in studies of evolutionary biology, physical anthropology, 

paleontology, and systematics (Pretorius, 2005; Villemant et al., 2007). This method allows a strict analysis of 

the morphometrical variation of a given structure in organisms of several sizes using, mainly, methods of 

multivariate statistics. The most common use consists of identifying configurations of anatomical marks in 

several morphological features (Klingenberg, 2002). The anatomical marks allow the identification of 

morphometrical variations between the homologous morphological structures (Francoy et al., 2008; Francoy 

and Imperatiz-Fonseca, 2010). It was therefore believed that this method of shape description can be useful in 

describing species differences between the two species of morphological similarly-looking honeybees. The 

study focused on the wings since as early as the 1970’s, insect wings have been increasingly used in 

morphological-based studies of systematics and phylogeny (Gumiel et al., 2003; Aytekin et al., 2007). This is 

because these structures are rigidly articulated thus are useful for geometric morphometric studies (Aytekin et 

al., 2007).  

 

Methodology: 

Sample Collection and Measurement: 

 Worker bees of Apis mellifera samples were collected from Brgy. Pindugangan, Iligan City, while those of 

Apis cerana were obtained from Linamon, Lanao del Norte and Matungao, Lanao del Norte in the Philippines 

(Fig. 1). A total of 205 honey bee samples were collected from the 7 colonies of A. mellifera and 7 colonies also 

of A. cerana. The samples were stored and labelled separately in 70% ethyl alcohol container according to their 

colony. The right forewing of each bee was dissected, mounted flat on a glass slide, viewed under a 

stereomicroscope and scanned to the highest resolution. 

 

 
 

Fig. 1: Map showing the study area (a) Pindugangan, Iligan City,  (b) Linamon,Lanao del Norte and (c)  

Matungao, Lanao del Norte. Source: https://maps.google.com/ 
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 Nineteen homologous landmarks were manually plotted at the forewing vein intersections (Fig. 2) using 

tpsDig2 version 2.04 software (Rolhf, 2005). The shape was defined in the morphometrical analysis based on 

the configurations of points that alter in terms of size, position and direction in the wing (Monteiro and Reis, 

1999). Shape asymmetry was obtained in the overlapping method of Procrustes (Klingenberg & Mcintyre, 1998; 

Monteiro & Reis, 1999). Procrustes analysis is a form of statistical shape analysis used to analyze the 

distribution of a set of shapes. It is performed by optimally translating, rotating and uniformly scaling the 

objects. In other words, both the placement in space and the size of the objects are freely adjusted. The aim is to 

obtain a similar placement and size, by minimizing a measure of shape difference called the Procrustes distance 

between the objects. Therefore, the final configurations of the aligned species constituted a group of variables 

that refer only to the shape of structures (Monteiro & Reis, 1999). 

 

 
  

 Fig. 2: Right forewing of an Apis worker bee showing (white circles) the respective position of each of the 19  

plotted landmarks at the vein junctions. 

 

 The raw landmark coordinates were first superimposed using a generalized procrustes super position 

algorithm, whereby the sum of squared distances between each object and a reference configuration (consensus) 

were iteratively minimized by translations and rigid rotation. The partial warp (Generalized procrustes super 

position algorithm) scores of these super imposed data were used as shape variables. Finally, the thin plate 

Spline (TPS) interpolation function derived from the mean of the superimposed data was applied to a squared 

grid overlaying the mean landmark configuration to provide a direct and quantitative implementation of the 

D’Arcy- Thompson transformation grids. 

 

Data analysis: 

 The consensus shape data of each separate colony were measured by relative warps ordinations plots using 

tpsRelw 1.36 (Rolhf F.J., 2003). Relative warps were computed from the partial warps and characterized by its 

singular value and explains a given variation in shape among specimens summarizing shape differences.  The 

relative warp scores were then subjected to statistical analyses. 

 Box plots were generated using Paleontological Statistics PAST software (Hammer et al., 2002). Box plots 

provided a compact view of where the data are centered and how distributed is the variation within each colony. 

Finally, a Canonical Variates Analysis (CVA), Multivariate Analysis of Variance (MANOVA) and 

Discriminant Function Analysis (DFA) tests were performed and calculated on the landmark coordinates data 

set using the software to analyze and test the differences of wing shape between colonies. Further analysis using 

Kruskal-Wallis test was done to test any significant difference in the mean wing shape between colonies. 

 

Results: 

 Figure 3 and Table 1 show the graphical and quantitative summary of the descriptions of the wing shapes 

based on the consensus morphology and variation observed from it. It can be seen from the results that 

variations within and between species can be observed. The topmost figure is the mean shape (consensus) of the 

samples collected. On the other hand, projections on the right of the boxplots are variations of wing shape 

foreseen as positive deviations of the mean while projections on the left are the wing shape variation as negative 

deviations of the mean in the axis of relative warps. The relative warp analysis showed four significant relative 

warps which explain 67.88% of the total wing shape variation between the two species of honeybees.   
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Fig. 3: Relative warp box plot showing wing variation between (a) Apis mellifera Linn. and (b) Apis cerana  

Fabr. 

 

 



234                                                   Rhea Mae L. Gairanan and Cesar G. Demayo 2014 

Journal of Applied Science and Agriculture, 9(11) Special 2014, Pages: 230-237 

 
Table 1: Descriptions of variations observed in the wings of Apis cerana and Apis mellifera. 

RW1 41.45% A high negative RW1 score means that the wing has longer cubitus, media (basal vein), radial 
sector+media and vannal vein. Due to this, the wing has an elongated 2nd cubital cell, 1st medial cell 

and 1st submarginal cell.  On the other hand, samples with positive scores have the exact opposite of 

the above mentioned remarks. The first relative warp clearly shows the opposite distribution of the two 
Apis species. Apis cerana tend to be distributed towards the negative axis while Apis mellifera is 

distributed towards the positive score means. Results of the Kruskal-Wallis test shown in Table 1 have 

shown significant differences between the two species. 

RW2 13.65% Individuals with negative scores have longer vannal vein and shorter first branch of cubitus resulting to 

an elongated 2nd cubital cell and shorten 2nd medial cell. Meanwhile, samples with positive scores have 

the exact opposite of the above mentioned remarks. Most of the samples are distributed towards the 
mean configuration for both A. cerana and A. mellifera but A. mellifera is more varied. 

RW3 7.37% Individuals with positive scores have longer media, first branch of cubitus and third submarginal cross-

vein but with a shorter first branch of radius. As a consequence, samples with positive scores have 

elongated 2nd medial cell and 3rd submarginal cell and shorten 1st medial cell, marginal cell and 1st 
submarginal cell. Samples with positive score means have the exact opposite of the above mentioned 

remarks. 

RW4 5.41% Individuals with positive scores have shorter media, vannal vein and branch of radius but longer first 
branch of cubitus and radial sector+media. Thus, they have elongated 1st and 2nd medial cell and 

shorten 2nd cubital cell and marginal cell. The two Apis species are distributed to the positive mean 

scores. 

 

 Figure 4 illustrates Canonical Variate Analysis (CVA) and Discriminant Function Analysis (DFA) plots of 

the two Apis species showing the distribution of wing shapes. To compare the wing shape of the two Apis 

species, the seven colonies of each Apis species were pooled into one colony. Both CVA and DFA results show 

that wing shape variations of the two species are non-overlapping. Significant differences in wing shapes of the 

Western and Asiatic honey bees were also observed indicating that with the number of landmarks used, species 

differentiation can be observed based on the distribution of the samples along the first two canonical variate 

axes (Table 1). 

 

 
 

Fig. 4: Canonical Variate Analysis (a) and Discriminant Function Analysis (b) plots of the wing shape of two  

Apis species in Lanao del Norte. 

 

 Table 2 shows the results of the Kruskal-Wallis test for significant differences in mean shapes of the wings 

of A. cerana and A. mellifera. Descriptions of the overall wing shape variation of the two Apis species were 

shown in Table 3.  

 
Table 1: Summary of Results of Multivariate Analysis of Variance. 

  p-value 

Wilk’s lambda 0.1123 2.719E-291 

Pillai trace 0.8877 2.719E-291 
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Table 2: Summary of Results of Discriminant Function Analysis.  

  Correctly classified (%) p-value 

 n   

Apis cerana 300 100% 2.706E-291 

Apis mellifera 315 100% 

TOTAL 615   

 

Table 3: Results of the Kruskal-Wallis test for significant differences in mean wing shapes of Apis cerana and Apis mellifera. 

  Apis cerana Apis mellifera 

RW1 Apis cerana  9.156E-102 

 Apis mellifera 9.156E-102  

RW2 Apis cerana  2.243E-09 

 Apis mellifera 2.243E-09  

RW3 Apis cerana  0.001326 

 Apis mellifera 0.001326  

RW4 Apis cerana  1.983E-07 

 Apis mellifera 1.983E-07  

 

Discussion: 

 This current study on the application of geometric morphometric analysis in the two species of Apis is able 

to present morphological differentiation between these two species through their wing shapes. By relative warp 

analysis, it was found out that A. cerana has elongated 2
nd

 cubital cell, 1
st
 medial cell and 1

st
 submarginal cell 

compared to A. mellifera due to its longer cubitus, media (basal vein), radial sector+media and vannal vein. 

Geometric morphometric analyses of 19 landmarks from the forewings analyzed using statistical tools such as 

the MANOVA, DFA and Kruskall-Wallis test show there are significant wing variations between Apis cerana 

(Asian honeybee) and Apis mellifera (European honeybee). The results showed localized variations in the 

distance between the media (basal vein), cubitus and vannal vein. A. cerana showed to have greater length of the 

said characters showing elongated 1
st
 medial cell, 2

nd
 cubital cell and 1

st
 submarginal cell. 

 Bee wings are extension of the exoskeleton adapted to fly (Winston, 2003), and are the most important 

means of locomotion for the bees. While wing morphometry alone can be used to identify some bee species 

such as bumble bees (Aytekin et al., 2007), stingless bees (Francisco et al., 2008; Francoy et al., 2009), and 

honeybees (Rattanawannee et al., 2010) these are mainly based on qualitative analysis. Francoy et al. (2006) 

demonstrated that a single wing cell carries enough information to discriminate three racial groups of A. 

mellifera (Africanized, Italian, and Carniolan) with a fidelity level of nearly 99% of the individuals. The 

methodology of engaging differences in wing morphology and landmarks by insect taxonomists gave successful 

identification of insect population into specified races and portray the variations within the specific 

discriminants (Mendes et al., 2007). Rattanawannee et al. (2010) reported that geometric morphometric analysis 

of the wing can be used to identify four Asian honeybee species in Thailand and that the sex of the individual 

does not impede identification. 

 The intraspecific geographical variations observed on the two Apis species of honeybees may probably have 

resulted from geographic isolation or due to the ecological differences of the location which restricted the gene 

flow between restrictive populations (Nunes et al., 2012; Barour et al., 2011). Aside from this, Barour et al. 

(2011) also observed a large variability at the colony and apiary levels involving mostly shape differences. 

Variability within the species in their wing shapes could be associated with their foraging ranges. Foraging 

ranges of A. cerana vary between different studies, but generally honey bees prefer to forage within 200-300m 

of their nest (Partap, 2011). 1995). Maximum foraging ranges of 1500m to 2500m have been observed 

(Dhaliwai and Sharma, 1974; F. C. Dyer and T. D. Seeley, 1991; Hisashi, 2010). In comparison, A. mellifera 

was found to forage across much larger distances, with maximum distances of over 10km (Abrol, 2011; 

Beekman and Ratnieks, 2000; Visscher and Seeley, 1982).  Since A. mellifera has shorter cubitus, media (basal 

vein), radial sector+media and vannal vein, this may have greatly contributed to longer distance of foraging. 

That is, wing shape in honeybees could be highly associated to their foraging distance. The 100% discriminant 

between the 2 species also indicate reproductive barriers which is indicative for the two species to maintain 

isolation and coexistence.  

 

Conclusion: 

 The result of the current study showed for the first time that there exist a wing shape variation between Apis 

cerana (Asiatic honey bee) and Apis mellifera (Western honey bee) by applying the quantitative methods of 

geometric morphometrics. Wing shape difference between the species is highly related to the foraging distance. 

Longer cubitus, media (basal vein), radial sector+media and vannal vein, which is observed in Apis species, is 

an indicative of shorter foraging distance. This study also indicates that geometric morphometric methods are 

useful in detecting variations in shape and can be further used in describing other morphological parts of the 

honey bees for taxonomic purpose. 
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