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ABSTRACT

The natural diversity of the honey bee (Apis mellifera) includes five evolutionary lineages and 
26 subspecies, currently described that come from Africa, Europe, and the Middle East. They were 
introduced by humans to almost every continent and each of them has adapted favorably to the 
environmental and climatic conditions of their geographical areas of origin, which has led to greater 
genetic diversity and hybridization processes between subspecies. The genetic diversity of honey 
bees in Chile was characterized by the presence of European subspecies, such as Apis mellifera 
mellifera and Apis mellifera ligustica, but no updated information is available. The objective of this 
study was to assess the current genetic characterization of honey bees in the coastal zone of the 
O’Higgins Region, due to its national importance in beekeeping, using geometric morphometrics. 
Samples were taken from five counties taking samples of five apiaries from each one, including 3 
colonies per apiary with a total of 30 bees per colony. The results indicate that there is evidence 
of hybridization between the subspecies Apis mellifera carnica and Apis mellifera ligustica, which 
reveals that the genetic pattern of the region has changed. This raises the questions as to whether 
this hybridization with predominantly Apis mellifera carnica is the most suitable for the ecological 
conditions of the region and how this could affect colony productivity and local beekeeping.
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INTRODUCTION

The genus Apis has its origin in tropical and 
subtropical zones of Asia and then moved 
to Africa and later to Europe, where it was 
domesticated centuries ago (Ruttner, 1988). 
Honey bees are now widespread across Africa, 
Asia, Europe, America, and Oceania. All honey 
bee subspecies are divided into five main lineages 
that are described according to their place of 
origin (Ruttner, 1988; Dogantzis and Zayed, 

2019). The first ones described were the African 
lineage (A), the Western and Northern Europe 
lineage (M), and the Eastern Europe lineage (C) 
(Ruttner, 1988). Then the Middle East and West 
Asia lineage (O) was described (Ruttner, 1988) 
and later, the East African lineage (Y) (Franck et 
al., 2000).

The subsequent adaptation of the described 
lineages of honey bees (Apis mellifera) to a 
wide variety of ecological conditions resulted 
in the evolution of 26 subspecies (Ruttner, 
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1988; Franck et al., 2000), which are found in 
all continents. Adaptation to such variety of 
habitats, climatic conditions, and flora allowed 
honey bees developing different characteristics 
(Büchler et al, 2014). They have been moved 
all over the world for beekeeping, changing 
the natural range of each one, and leading to a 
process of hybridization between them (De la 
Rúa, 2009). As such, these subspecies depend 
on the climatic conditions that they have been 
subjected to, their biological interactions, and on 
human intervention in influence the selection of 
breeding lines (Büchler et al, 2014). Significant 
differences in collection strategies and honey 
storage emerged as a result of adaptation over 
millennia to the environments where each lineage 
and subspecies have developed under a selection 
pressures (Taha and AL-Kahtani, 2017). Taha and 
AL-Kahtani (2017) indicated that related existing 
subspecies with their own climate adaptation 
characteristics would improve productivity since 
they respond better in a habitat equal or similar 
to that of their original lineage. Moreover, the 
Agricultural and Livestock Service (SAG, 2018) 
has indicated that honey bee subspecies perform 
differently in different regions. This is why it is 
recommended to have genotype queens that are 
well adapted to the ecological conditions where 
they are intended to be used.

The introduction of the honey bee in South 
America occurred at the end of the 18th century, 
first in Brazil, and then in the rest of the countries 
where the subspecies Apis mellifera mellifera and 
Apis mellifera iberica were introduced (Padilla 
et al., 1992). The subspecies Apis mellifera 
ligustica was later imported from Italy (Padilla 
et al., 1992) due to its high production levels, 
docility, and adaptability to varying climates, 
particularly Mediterranean climates (SAG, 2018). 
In 1884, colonies of Apis mellifera mellifera were 
introduced to Chile and Peru (Del Lama et al., 
2004), indicating that these bee populations in 
Chile were of particular interest since they were 
the result of frequent introductions of European 
subspecies over the time. In 1984, the first 
imports of the subspecies Apis mellifera carnica 
from Canada to Chile occurred (Rey and Díaz, 
2007). The aforementioned subspecies originated 
in Slovenia and Yugoslavia and exhibits mild 
behavior, good brood production in spring, good 
honey accumulation in summer, and can also 
adapt to diverse climates, especially cold winters 
(Ruttner, 1988; Susnik et al., 2004; SAG, 2018). 
Accordingly, Del Lama et al. (2004) found that the 
genetic status of Chilean bees between 1997 and 
2001 mostly comprised the M lineage and the most 
common subspecies found were Apis mellifera 
mellifera and Apis mellifera ligustica. Likewise, 

Vidal (2012) conducted the latest genetic study of 
the country in different regions and showed that 
the populations studied in Chile, including the 
O’Higgins Region, were made up of the lineages 
C and M, with Apis mellifera ligustica and Apis 
mellifera mellifera as the leading subspecies. 

The Office of Agricultural Studies and Policies 
(ODEPA, 2015) indicated that an accurate 
understanding of the national product, in terms 
of queen genetics, could improve the marketing 
strategy of biological material, which is important 
because the country was established as an exporter 
in 2013 (ODEPA, 2013). Chile is one of the four 
countries authorized to export queen bees and 
bee packages to Canada (ProChile, 2018). This is 
due to the high demand for biological material 
after the Canadian winter (ProChile, 2018) and 
the health status of honey bees in Chile because of 
its geographical conditions (Del Lama et al., 2004; 
Rey and Díaz, 2007), which frees them from the 
Africanization gene (ProChile, 2018; Dogantzis 
and Zayed, 2019) and the small hive beetle (OIE, 
2019). Canadians are interested in queen bees 
from Chile for various reasons, such as their 
genetic line (carnica queens), gentleness, disease 
resistance, adaptability to climatic changes, 
and their rapid production of broods in spring 
(ProChile, 2018).

The three main activities that characterize 
apiculture in the O’Higgins Region are honey 
production, pollination services, and breeding 
of queens and biological material, which are 
marketed inside and outside the region (SAG, 
2019). The Beekeeping Bulletin No. 4 (SAG, 2019) 
reported that the O’Higgins Region is ranked third 
in terms of the number of beekeepers in Chile, 
first in the number of beehives, and fifth in the 
number of queen breeders (SAG, 2019). As such, 
the O´Higgins Region is one of the most important 
regions in beekeeping production. However, 
there has been a historical trend to reduce honey 
production at the national level. This can also be 
extrapolated to the region as volumes of honey 
exports declined considerably from 9,888 tons 
in 2015 to 5,212 tons in 2017 (ODEPA, 2018). It is 
important to note that the O’Higgins Region is 
ideal for developing exceptional beekeeping due 
to its climatic advantages (Rey and Díaz, 2007), 
a characteristic that is especially beneficial for 
queen breeding, since nuptial flight only occurs 
in optimal climates (Morse, 1994)

It is important to understand that changes in 
the genetic composition of resident populations, 
derived from the introduction of honey bees 
in different geographical areas, requires tools 
to differentiate the different lineages (Del 
Lama, 2004). There are three main methods for 
identifying lineages and subspecies (Tofilski, 
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2008; Miguel et al., 2010), which include 
traditional morphometrics (Ruttner, 1988), 
geometric morphometrics (GM) (Tofilski, 2008), 
and molecular biology through DNA analysis 
(Olekza and Tofilski, 2014). According to Tofilski 
(2008) and Barour et al. (2011), GM is a relatively 
new method based on the study of honey bee 
wing shape through its venation patterns, 
allowing for the identification of lineages and 
subspecies through a low-cost technique, which is 
easily accessible to beekeepers while eliminating 
measurement errors that are common in linear 
morphometry (Klingenberg, 2011).

The objective of this study was to assess the 
current Apis mellifera subspecies characterization 
in the dry coastal zone of central Chile by 
studying the wing shape of the honey bee using 
GM as a technique, since no such studies have 
been performed at the national level. This is also 
an initial study to provide an updated and better 
understanding of the genetics described above. 
It also focuses on whether there is a relationship 
between productivity and survival losses of honey 
bee colonies within the lineages and subspecies of 
queens used in the region. 

MATERIALS AND METHODS

Study area and sample size 
Sampling was carried out in 5 counties of 

the dry coastal zone of the O’Higgins Region: 
Pichilemu (23′31″ S; 72°0′34″ O), Marchigue 
(34°24′00″ S; 71°38′00″ O), Navidad (33°57′0″ S; 
71°49′60″ O), La Estrella (34°12′00″ S; 71°40′00″ 
O), and Paredones (34°47′00″ S; 71°10′00″ O).

Both sampling and sample size were carried 
out according to the recommendations of Bouga 
et al. (2011), who indicate that five apiaries per 
geographical area should be sampled in order to 

keep sampling errors within tolerable limits. A 
total of 25 fixed apiaries were sampled (5 from 
each of the five counties), i.e., random samples 
and those that did not perform transhumance. 
From each apiary, 3 colonies were sampled, and 
30 worker bees were obtained from the brood 
chambers of each colony. The sampling period 
was between August and September 2018 (spring 
season). The study was reviewed and approved 
by the Bioethic Committee of the Universidad 
Mayor.  

Experimental design
From each sample collected, the right anterior 

wings of 15 bees were dissected and soaked 
in 70% alcohol in the laboratory of the Center 
for Bee Research of the University Mayor 
(CEAPIMAYOR). They were then neatly arranged 
on a slide and a 2592 × 1944 pixel photograph 
was taken of each dissected wing using a 
magnifier (AmScope, MU500 model, Tustin, 
California, USA) at 4x magnification before the 
image was then uploaded into the TpsDig232® 
software. 19 landmarks were measured at the 
intersections of the wing veins in each wing (Fig. 
1). TpsUtil64® was used to acquire and appended 
the information in TPS format, in a dataset used 
in MorphoJ® version 2.0 (Klingenberg, 2011).  

Statistical analysis
Morpho J® version 2.0 calculated the 

covariation between sampled and reference 
wings of six A. mellifera subspecies, representing 
50 different colonies (Apis mellifera carnica, 
Apis mellifera iberica, Apis mellifera intermissa, 
Apis mellifera ligustica, Apis mellifera mellifera, 
and Apis mellifera scutellata) obtained from the 
Morphometric Bee Data Bank in Oberursel, 
Germany. These six pure subspecies images were 

Fig. 1. Total of 19 landmarks at the intersections of the wing veins. 
       Source: Author elaboration in Morpho J® software.
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previously classified by molecular methods and 
were obtained in collaboration with the Social 
Bee Research Center (CIAS), National University 
of Mar del Plata, Argentine. Multivariate 
statistical analysis of the data included the 
Canonical variate analysis (CVA), which delivers 
Mahalanobis distances and CVA scatter plots as 
results. The geometric morphometric analysis 
consists of three fundamental stages: i) obtaining 
the primary data through the coordinates (x, y) 
from each landmark arranged in the wings, ii) 
obtaining the shape variables, and iii) a statistical 
analysis through the study of main components 
or CCA (Toro et al., 2010). It is also a tool used to 
objectively evaluate shape variations (Toro et al., 
2010). Data were analyzed at a significance level 
of 10%.

RESULTS

The results obtained by GM analysis of 
samples from the coastal zone of the O’Higgins 
Region indicated that there was hybridization 
between the subspecies Apis mellifera carnica 
and Apis mellifera ligustica, since the variation 
patterns of the venous branches of the wing had 
the smallest and almost the same Mahalanobis 
distances for both with a slight predominance 
of the subspecies Apis mellifera carnica (Table 1). 
Fig. 2 shows that the points corresponding to the 
samples of the area under study were intercepted 
with the ellipses of the subspecies mentioned 
above.  

There was evidence of hybridization between 
the subspecies Apis mellifera ligustica and Apis 
mellifera carnica in La Estrella and Marchigue 
counties. This was because the venous branches 
of the studied wings had Mahalanobis distances 
that were close to these subspecies and also very 
similar between them, with a slight dominance 

for the subspecies Apis mellifera ligustica (Table 1) 
(Fig. 3a; 3b). 

In the Paredones, Pichilemu, and Navidad 
counties, the wing venation patterns of the 
samples collected with the subspecies compared 
by GM indicated that there was hybridization 
between the subspecies Apis mellifera carnica and 
Apis mellifera ligustica, with a slight difference 
between the Mahalanobis distances, indicating 
a minimum dominance for Apis mellifera carnica. 
(Table 1) (Fig. 3c; 3d; 3e). 

DISCUSSION

The introduction of populations of subspecies 
Apis mellifera carnica to Chile occurred in the 
1980s (Rey and Díaz, 2007) but continues to the 
present (ProChile, 2018). Therefore, the genetic 
structure of honey bee populations in Chile and 
other countries is a dynamic process, depending 
on many factors, such as the preferential use of 
genetics lines, artificial selection, and the natural 
flow of genes between populations. For instance, 
the reported presence of Apis mellifera ligustica at 
a national level in previous studies (Del Lama 
et al., 2004; Vidal, 2012), remains an important 
lineage, but hybridization was demonstrated 
between both subspecies with a slight dominance 
by Apis mellifera carnica at the local level (county). 
Consequently, a change in genetic pattern has 
developed in the area, characterized by the initial 
introduction of the subspecies Apis mellifera 
mellifera (Padilla et al., 1992) followed by the use 
of the subspecies Apis mellifera ligustica (Padilla et 
al., 1992). 

Currently, according to the records described 
by ProChile in 2018 and those obtained in this 
study, the change is also characterized by the 
strong presence of Apis mellifera carnica, which 
could be extrapolated to the regional and 

Table 1.  Mahalanobis distances found for the dry coastal zone of the O’Higgins Region and its 
counties.

Coastal zone
               aApis      aApis              aApis              aApis              aApis             aApis

and counties             mellifera         mellifera        mellifera       mellifera       mellifera       mellifera   
                                     carnica            iberica         intermissa      ligustica       mellifera      scutellata  
Coastal dryland 3.7687 8.2255 6.2837 3.7868 6.3020 5.9172
La Estrella 4.0898 7.9904 6.1297 3.7654 6.4358 5.7622
Paredones 4.4440 8.1817 6.6065 4.7099 6.6901 6.2234
Pichilemu 4.3141 8.5359 6.2271 4.4672 6.6751 5.8367
Navidad 4.1148 8.0196 5.9014 4.4471 5.8788 5.6958
Marchigüe 4.3046 8.7566 6.3841 4.1773 6.5899 5.7904

Value of p < 0.0001. 
a: Subspecies of Apis mellifera. 
Significant values by counties are marked in bold. 
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national level. Even when the hybridization is 
a natural process, it is exacerbated by anthropic 
management in the area, driven by the high 
demand for honey bee genetic material in 
Canada, given that Chile produces bees that are 
highly resistant and capable of facing ecological 
conditions similar to those endured by bees bred 
in North America (ProChile, 2018). As a result, 
the breeding of subspecies and their hybrids is 
encouraged, and local beekeepers make use of 
what is available to them. However, regardless 
of the large market and exportation business 
of queens in Chile, it is worth questioning 
whether the introduction of this subspecies is 
appropriate for the area. Its entry generated a 
strong hybridization process with the subspecies 
previously present in the country (Del Lama, 
2004; Vidal, 2012) and was initially characterized 
as unsuitable for both Mediterranean and cold 
climates (Ruttner, 1988; Susnik, 2004; SAG, 2018). 

Although honey bee introduction was not by 
chance, as it sought to improve the international 
trade of queens to Canada and increase stocks, 
it could lead to detrimental situations for 
local beekeeping such as the decline in honey 
production as registered by ODEPA in 2018, and 
to informally registered losses of bee colonies. 
This could be because the performance of each 

subspecies is better if it is associated with a climate 
that is similar to that of its origins (Büchler et al, 
2014; Taha and Al Kahtani, 2017; SAG, 2018). It 
suggests the necessity of different management 
plans since queen breeders are the ones who 
commercialize the genetic material among 
beekeepers and rely on a productive system for 
Apis mellifera ligustica, which are better adapted to 
the climate of central Chile (SAG, 2018). 

ProChile, in its 2018 study of the beekeeping 
market in Canada, mentioned that a weakness in 
Chile is that offers pure subspecies, but according 
to them, a mixture of races is desirable and 
necessary. Such analysis is contrary to the results 
obtained in the present study, which indicates 
that there is a strong hybridization between A.m. 
ligustica and A.m. carnica, at least in the coastal 
zone of the O’Higgins Region. Therefore, it is 
crucial to analyze genetic diversity quickly and 
use inexpensive tools to have a better criterion 
when selecting a colony for reproduction and 
commercialization of queens. Therefore, GM 
could be used by queen breeders and scientists 
(Bouga et al., 2011) to understand the lineages 
and races being produced, as it is a low-cost 
and easily accessible tool (Tofilski, 2008, Barour 
et al., 2011). Queen breeders might monitor 
and evaluate some productive parameters to 

Fig. 2. Graph of canonical variables for the coastal zone of the O’Higgins Region. 
 Red: Apis mellifera carnica; brown: Apis mellifera iberica; green: Apis mellifera intermissa; 

light blue: Apis mellifera ligustica; blue: Apis mellifera mellifera; purple: Apis mellifera 
scutellata; black: coastal area of the O’Higgins Region.
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understand how bee populations with different 
degrees of hybridization perform in different 
regions and how different traits are inherited 
from one selected generation to the next one. This 
could add value to the sale of biological material 
by queen breeders as recommended by ODEPA 
in 2015, thereby improving the marketing 
of biological material at a national level that 
is suitable for the area, while also providing 
confirmation to the main importing country 
of Chilean queens that the present genetics is a 
mixture of subspecies as they prefer. 

Furthermore, ProChile (2018) mentioned 
that the export markets that the country serves 
could be safeguarded through the registration 
of beekeepers that breed queens with the 
knowledge of the genetics they commercialize. 
To that end, GM could be used in the region 
since it has an ideal Mediterranean climate for 
beekeeping (Morse, 1994). The dry coastal zone 
of the O’Higgins Region could become an area 
of importance for queen breeding since it is 
currently characterized for having a low level of 

professional beekeeping, which adds to the low 
production of honey due to the lack of available 
nectar flow. In this way, the sale of queens could 
be expanded using genetics that are suitable both 
for local production and the commercialization 
of biological material at an international level. In 
this sense, it would be necessary to work together 
with queen breeders to evaluate the genetic lines 
they currently use, as well as their origin and 
traceability, and to enhance the value of those 
that present a better performance locally. 

According to Del Lama et al. (2004) and Vidal 
(2012), the presence of Apis mellifera mellifera was 
common in Chile and throughout its regions, 
except for the extreme south zone, which was 
not sampled. However, in the sampled zone, no 
pattern was found in wing veins that were similar 
to the mentioned subspecies. This may be due to 
a declining presence of this subspecies through 
the dilution of its genetics against the Apis 
mellifera carnica subspecies, or just to the fact that 
the sampled zone was much smaller compared 
to the studies conducted by the abovementioned 

Fig. 3. Graph of canonical variables for the counties in the coastal zone of the O’Higgins Region. a) 
La Estrella; b) Marchigue; c) Paredones; d) Pichilemu; e) Navidad. 

 Red: Apis mellifera carnica; brown: Apis mellifera iberica; green: Apis mellifera intermissa; 
light blue: Apis. mellifera ligustica; blue: Apis mellifera mellifera; purple: Apis mellifera 
scutellata; black: counties in the coastal zone of the O’Higgins Region.
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authors, who covered a much broader sampling 
zone. For this reason, it would be interesting to 
conduct national studies that assess the genetic 
dynamics of honey bee populations using 
molecular techniques complemented with GM. 
This would optimize management plans by 
associating the appropriate subspecies of honey 
bees to the most favorable zones, while improving 
production and survival rates in the area.

CONCLUSIONS

The present study provides a genetic 
characterization based on the study of honey bee 
wings by using geometric morphometric, in the 
dry coastal zone of one of the most important 
apicultural region of Chile. At the country level, 
this is the first study on the genetics of honey bees 
using GM. A significant presence of Apis mellifera 
carnica and its hybrids were found, which could 
be a matter of preference by local queen breeders 
because of the demands for this race from the 
Canadian market. It may be inferred that the 
genetic pattern for the region and the country 
could be changing. Therefore, further studies are 
required to estimate how this genetic variation 
affects productivity and survival of honey bee 
colonies with respect to historical records.
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