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Abstract. Abed F, Bachir-Bouiadjra B, Dahloum L, Yakubu A, Haddad A, Homrani A. 2021. Procruste analysis of forewing shape in
two endemic honeybee subspecies Apis mellifera intermissa and A. m. sahariensis from the Northwest of Algeria. Biodiversitas 22: 154-
164. Honey bees play an important role as pollinators of many crops. Thus they are collectively considered as a veritable economic
source. The present study was undertaken to describe variation in the right forewing geometry in two Algerian honeybee subspecies
Apis mellifera intermissa and Apis mellifera sahariensis using landmark-based geometric morphometrics. A total of 1286 honeybees
were sampled from 12 provinces in the northwest of Algeria. The forewing geometry was evaluated using 20 homologous landmarks by
applying Procrustes superimposition analysis. The top four principal components accounted for only 41.1% of wing shape variation
between the two subspecies. There was a significant difference in wing shape between the two subspecies (Mahalanobis distance =
1.0626 ; P<0.001), whereas their wing size seemed similar (P>0.05). Regarding the allometric effect, the percentage of variation in wing
shape explained by size changes was relatively small, with 1.28% and 4.37% for A. m. intermissa and A.m sahariensis, respectively. The
cross-validation procedure correctly classified 68.3% of specimens into their original groups. PERMANOVA test revealed significant
differences in the right forewing shape among all geographic areas studied (P<0.001). The results clearly showed that the landmark-
based geometric approach applied to forewings venation is a powerful and reliable tool in the discrimination of native honey bee

subspecies and should be considered in local honey bee biodiversity improvement and conservation initiatives.
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INTRODUCTION

Besides providing hive products such as honey, royal
jelly, pollen, wax, venom, and propolis (Cornara et al.
2017), honeybees are important beneficial economical
pollinators (Klein et al. 2007; Abdelnour et al. 2019) not
only for their role in sustaining the biodiversity of
agroecosystems but also in ensuring food security (Eilers et
al. 2011; Klein et al. 2007). It has been reported that they
pollinated more than 100 different agricultural products
like fruits, vegetables, several forage plants, which
eventually led to the production of meat and other dairy
products (Gallai et al. 2009). However, a decline in bee
populations has been recorded in some regions worldwide
(Kremen and Ricketts 2000; Potts et al. 2010). This is due
to several biotic and abiotic factors, including pathogens
(Ullah et al. 2020), pesticides and parasites that bees met
throughout their lifestyle (Henry et al. 2012; Nazzi et al.
2012); thus, their conservation recently became a global
concern for both scientists and beekeepers (Byrne and
Fitzpatrick 2009; Brown and Paxton 2009; Baldock et al.
2020; Freitas et al. 2009).

In order to study the genetic diversity of honeybees as a
measure to help in their improvement and conservation

programs, various methods have been developed to identify
and to discriminate between populations, races, and even
bee species and subspecies. Molecular methods including
DNA analyses such as mtDNA (Arias and Sheppard 1996),
RFLP (Martimianakis et al. 2011), and microsatellite DNA
(Oleksa and Tofilski 2014), biochemical methods like
allozymes (Bodur et al. 2007) or cuticular hydrocarbon
analysis (Francis et al. 1985; Lavine et al. 2005), and other
techniques based on pheromones are much less used
(Hepburn and Radloff 1996). All these techniques require
expensive reagents and laboratory equipment (Francoy et
al. 2008). The first and the most widely accepted
descriptions of subspecies were based on morphology. A
wide set of morphological features have been used,
including the size of various body parts, wing distances,
ratios, and angles, pigmentations and pilosity (Ruttner
1988). Attempts were also made to reduce and to simplify
the traditional morphometry, such as reducing the number
of characters using the forewing venation alone (Francoy et
al. 2008; Tofilski 2008) or using the shape of single-wing
cell (Francoy et al. 2006). Geometric morphometrics (GM)
is an alternative new morphometric method that used shape
analysis rather than distances and angles (Bookstein 1991;
Tatsuta et al. 2018). Since its first development, this
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procedure has demonstrated to be better than the traditional
morphometrics not only by its low costs, high practicability
but also by being less time-consuming technique, likewise
having a better descriptive and higher statistical power
(Charistos et al. 2014; Bustamante et al. 2020). GM uses
the wing as a base of working because wings are solid and
rigidly articulated structures and the intersections of the
wing venation provide many well-defined landmarks
suitable for the characterization and identification of
populations or lineages (Pavlinov 2001; Tofilski 2008;
Miguel et al. 2011; Sendaydiego et al. 2013). However,
there is a paucity of research on the GM of Algerian honey
bees (Barour et al. 2011; Barour et al. 2016).

The current study aimed to explore the forewing
variation among two honey bee subspecies endemic to
Algeria, Apis mellifera intermissa and A. m. sahariensis,
using geometric morphometric tools. A. m. intermissa
occupies the north of the country, while A. m. sahariensis,
which is well adapted to drought conditions, is mainly
located in the southern part of the country from Djebel
Amour and Ain Sefra through the oasis of the Sahara south
of the Atlas Mountains (Ruttner 1988; Adjlane et al. 2016).
Therefore, the information obtained from the current study
would be useful for implementing an effective strategy for
the protection of endangered local honey bee subspecies
and better management of conservation areas.

MATERIALS AND METHODS
Sample sites and specimen collection

Worker bees from 129 colonies were sampled between
May and December 2018 from 12 provinces, including 63
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different localities in the northwestern part of Algeria
(Figure 1). Two non-migratory colonies/locality, ten bees/
colony = 20 worker bees /locality were involved in the
study. More details about the sampling sites and number of
individuals collected from each sampling site are shown in
Table 1. Bees were stored in 97% ethanol in a freezer (-
20°C) until morphological examination.

Data acquisition and treatment

A total of 1286 worker bee forewings were dissected
very close to their base and were mounted in distilled water
between two microscope slides and photographed with a
digital camera attached to a Leica S8APO
stereomicroscope. For the geometric morphometrics, wing
photographs were first processed by tpsUtil 1.61 (Rohlf
2015). Wing shapes were digitized with two-dimensional
Cartesian coordinates (x, y) of 20 landmarks, mainly
located at vein intersections (Figure 2.A) using tpsDig 2.05
(Rohlf 2005). The landmark coordinates obtained from
tpsDig were used as input in the MorphoJ 1.07a package
(Klingenberg 2011). The Cartesian coordinates of the
specimens were then aligned to remove variations in size,
position, and orientation using the least-squares generalized
Procrustes superimposition method (Bookstein 1991). In
order to quantify forewing shape variation, principal
component analysis (PCA) was performed after computing
the variance-covariance matrix of the Procrustes shape
coordinates in Morphol 1.07a (Klingenberg 2011).
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Figure 1. Map indicating sampling provinces of Apis mellifera intermissa and A. m. sahariensis in Algeria. (Adapted and modified from

Mahammi et al. 2014)
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Table 1. Locations from which samples of honeybee were

collected for geometric morphometric analysis

. . . No. of No. of
Province Sampling location colonies  wings
Mascara Ain Fares 2 20
El Guetna 2 20
Bou Hanifia 2 20
Hacine 2 20
Tighennif 2 20
Mostaganem Sour 2 20
Sidi Lakhdar 2 20
Touahria 2 20
Mesra 2 20
Hassi Mameche 2 20
Souaflia 2 20
Tiaret Tidda 2 20
Ain Bouchekif 2 20
Ain Deheb 2 20
Tagdempt 2 20
Mghila 2 20
Tissemsilt Tamalaht 2 20
Sidi Abed 2 20
Ammari 2 20
Lardjem 2 20
Maacem 2 20
Relizane Oued Slam 2 20
El Hamadna 2 20
Beni Dergoun 2 20
Belassel 2 20
Zemmoura 2 20
Oran Boutlilis 2 20
Bousfer 2 20
Ain El Turk 2 19
Hassi Bounif 2 20
Misserghin 2 19
Saida Hessasna 2 20
Ouled Brahim 2 20
Balloul 2 20
Tirsine 2 20
Ain El Hadjar 2 20
El-Bayadh Chellala 2 20
Boussemghoun 2 20
El Abiodh Sidi Cheikh 2 18
El Kheiter 2 20
Ghassoul 2 20
Tlemcen Mansourah 2 20
Chetouane 2 20
Abou Tachfine 2 20
Tlemcen 2 20
Hennaya 2 20
Sidi Belabbes Sidi Daho 4 40
Sidi Bel Abbes 2 20
Foret Bouhriz 2 20
Sidi Ali Benyoub 2 20
Sidi Lahcene 2 20
Tessala 2 20
Sehala Thaoura 3 30
Naama Naama 2 20
Moghrar 2 20
Sfissifa 2 20
Tiout 2 20
Ain Sefra 2 20
Ain Temouchent ~ Tadmaya 2 20
El Malah 2 20
El Amir Abdelkader 2 20
El Messaid 2 20
Ouled Boudjmaa 2 20
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Wing size and shape variation

Wing size was estimated by an isometric estimator
known as “centroid size” (CS) (Sandoval Ramirez et al.
2015), which is defined as the square root of the sum of the
squared distances between the center of the configuration
of the LM (or centroid) and each LM (Bookstein 1991).
Data were tested for normality using the Shapiro-Wilk test.
Levene's test was performed to check for homogeneity of
variances between groups. A T-test was then used to
compare the means between the two subspecies. For the
analysis, the CS were logarithmized (In CS).

The relative contributions of each anatomical landmark
for the variation observed in the right forewings were
produced by the tpsRelw 1.36 software package (Rohlf
2003). The Discriminant Analysis (DA) was used to
classify the right-wing shapes between the subspecies
studied.

Multivariate normality was assessed using the Doornik-
Hansen test (Doornik and Hansen 2008). Box’s M-test was
used to test for the equivalence of the covariance matrices
of the multivariate data sets as Hotelling’s T2-test is
sensitive to violations of the assumption of unequal
covariance matrices. The statistical significance of the
difference in mean shapes was then analyzed using
permutation tests (10,000 rounds) with Mahalanobis
distances and Procrustes distances. The permutation test is
an alternative to Hotelling’s T?-test when the assumptions
of multivariate normal distributions and equal covariance
matrices do not hold. Differences in wing shape among
both subspecies were visualized by deformation grids using
thin-plate splines (TPS) (Slice 2002). The Jackknife cross-
validated classification procedure in Discriminant Analysis
(DFA) was used to assess the accuracy of classification
based on Mahalanobis distances as a complement to
discriminant analysis. Afterward, Mahalanobis distances
among the individuals of the 12 study zones were used for
the construction of a UPGMA (unweighted pair group
method with the arithmetical average) dendrogram as the
clustering algorithm using PAST 1.81 (Hammer et al.
2001).

Allometric effects

Allometry is the covariation of shape with size
(Mosimann 1970). Morphological allometry tries to explain
the change in morphological features of organisms
associated with size variation (Klingenberg 1996). In
insects, for example, wing size has sometimes significant
impact on wing shape (Gidaszewski et al. 2009; Sontigun
et al. 2017). To evaluate the allometric effect, we fitted a
multivariate regression model of Procrustes coordinates
(dependent variable) onto size (independent variable)
among the two subspecies and within each subspecies
separately in a permutation test of 10,000 randomization
rounds. Centroid size was first transformed to its natural
logarithm (In centroid size) to increase the fit of the model,
which was estimated by the percentage of shape variance
explained by size.
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RESULTS AND DISCUSSION

Variations in wing shape among subspecies

The average shape obtained by the Procrustes fit of the
studied subspecies is shown in Figure 2.B. The eigenvalues
show that up to twenty-four PCs are needed to explain 95%
of the total variation (Table 2). However, only the first ten
are meaningful according to the broken-stick model (not
shown). The PCA of right-wing shape variation showed
that the first four PCs are responsible for only 41.11%
(PC1 = 11.92%; PC2 = 10.51%; PC3 = 9.96%, PC4 =
8.72%) of the total shape variation. Although there is a
clear overlap between the individuals, it is possible to
observe a slight separation between the two subspecies
from the scatter plot obtained using the PC1-PC2 and PC3-
PC4 scores (Figure 3). Moreover, the transformation grids
(Figure 4) show the shape changes as a deformation of the
rectangular grid. In the pooled sample of honey bees, the
variance of landmark coordinates between strains revealed
a discrepancy between the parts of the wing (Figure 4).
Generally, LM 7 showed the maximum variation (S? =
0.00007) followed by LM 8, LM19, and LM3 with values
of S? = 0.000061, 0.000039, and 0.000038, respectively,
while LM 16 (localized near the centroid of the wing) had
the lowest variation of S? = 0.00001. PC1 showed that
landmarks of the anterior wing region displaced toward the
wing tip except for LM1, LM2, LM3, and LM7 who
presented a basal displacement. Together, these landmark
displacements influence the wing shape by elongation
associated with narrowing. PC2 also revealed that most of
the landmark points in the forewing showed deviation. The
landmark displacement occurred mostly in the middle part
of the wing. The anterior (LM5, LM7, and LM8) and the
posterior (LM 18, LM19, and LM20) displacement resulted
in a shortening linked to an expansion. The morphological
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characteristics of honeybees have an important role in
discriminating honeybee subspecies (Salehi and Nazemi-
Rafie 2020; Henriques et al. 2020). It has been reported
that different selective pressures shape morphological
traits, which is crucial in evolutionary biology. Wing
morphometry is among such traits that have been widely
used to describe phenotypic variability at the inter-specific
level (Dellicour et al. 2017). The current study results are
consistent with Dolati et al. (2013), who stated that
homologous anatomical landmarks located much distant
from the forewing centroid had a greater degree of
variations. However, the present findings contrast with
those reported in Indonesia by Santoso et al. (2018). With
regard to insect flight aerodynamics, long, and slender
wings, according to DeVries et al. (2010) are optimal for
long-duration flight, while short and broad wings are
optimal for slow and agile flight.

Table 2. The first ten eigenvalues of a principal components
analysis (PCA) of right forewing shape within the two subspecies
Apis mellifera intermissa and A.m sahariensis

PC Eigenvalues 9% Variance Cumulative %
1 0.000083 11.92 11.92
2 0.000073 10.51 22.43
3 0.000069 9.96 32.39
4 0.000061 8.72 41.11
5 0.000051 7.29 48.41
6 0.000044 6.40 54.81
7 0.000037 5.30 60.11
8 0.000032 4.58 64.69
9 0.000027 3.98 68.67
10 0.000026 3.61 72.28
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Figure 2.A. The Right forewing of Apis mellifera with 20 landmarks used to quantify wing shape variation. B. The landmark
configurations of all wings after Procrustes superimposition. For each landmark, the blue circle indicates the location of the landmark
for the average shape and the black dots indicate the locations for individual wings
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Component 2 (10,51%)

Component 4 (8,72%)

Component 3 (9,96%)

Figure 3. A principal component analysis (PCA) of the honey bees’ right-wing configuration. A. PC1 accounted for 11.92% of the total
shape variance of the total sample versus PC2, which accounted for 10.51%. B. Plot of PC3 (9.96% of total variation) and PC4 (8.72%
of total variation). N = 1286 (Apis mellifera intermissa = 1106, A. m. sahariensis = 180)

PC1

PC2

Figure 4. Graphs illustrating the wing shape variation in the honeybees from the western of Algeria. Deformation grids of PC1 and PC2
showing the shifts of landmark positions with straight lines with TPS. Each line starts with a dot at the landmark location in the starting

shape (mean shape), The length and direction indicate the movement of the respective landmark until the target shape (scale factor x10
for better visibility)
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Size and shape variation

The wing size calculated base on its logarithm (log CS)
was not significantly different among the two subspecies
studied (T-test=2.3023; P = 0.0214) (Figure 5). In this
regard, the difference among the subspecies could not be
explained by their wing size difference. These findings
contradict the previous study by Barour et al. (2016), where
very high significant differences (P<0.001) were found in
wing centroid size between three subspecies A. m
intermissa, A. m. sahariensis, and A. m. capensis.

The averaged shape for each of the two subspecies used
in this study is shown in Figure 6. High significant
difference in right-wing shape was found between A. m.
intermissa and A. m. sahariensis (permutation test 10,000
rounds, P<0.0001) (Figure 7). Mahalanobis distance
(1.0626) and Procrustes distance (0.0049) obtained
between the two subspecies revealed very highly
significant differences (permutation test 10,000 rounds,
P<0.0001). The jackknife classification procedure (cross-
validation test) (Figure 8) showed that morphometric
geometrics could distinguish between the two subspecies
with a reliability rate of 68.3%. Considering the form (size
+ shape), the percentage of correctly classified specimens
was slightly increased to 69.3%, which is consistent with
the report of Barour et al. (2011). However, the findings of
the current study are lower than the 99.5% and 79%
reported by Salehi and Nazemi-Rafie (2020) and Kandemir
et al. (2011), respectively. The accuracy classification can
be improved even slightly, integrating other features of
selection such as a hind wing or number of Hamuli (Barour
et al. 2016). Additionaly, Francoy et al. (2012) reported a
significant increase in classification success when contour
and landmark methodologies were combined. Furthermore,
images of bees’ wings in conjunction with computer vision
and artificial intelligence techniques can be used to
automate and facilitate the identification process of bee
species (Fagundes et al. 2020). Similarly, Silva (2015)
highlighted that the use of conjunction of morphometric
and pixel-based features is more effective than only using
morphometric features for discriminating species of bees.

Allometric effect

In the current study, the regression of the Procrustes
coordinates on Log centroid size among subspecies (Figure
9) showed a highly significant difference (permutation test
10,000 rounds, P <0.0001), but only 1.43% of total wing
shape variation was explained by allometry. Moreover, the
relationship between shape and size within each species
showed that wing shape variation was significantly
correlated to size in the two subspecies (permutation test
with 10,000 rounds, P<0.0001). Although the regression of
shape variation on size was significant, the percentage of
variation in wing shape explained by size changes was
relatively small with 1.28% and 4.37% for A. m. intermissa
and A. m. sahariensis, respectively. The present findings
are consistent with the previous reports of Barour et al.
(2011). During a GPA, only the isometric effects are
removed, not the allometric effects (Outomuro and
Johansson 2017). According to Skandalis et al. (2017), the

proper understanding of the origin of wing area allometry
and how it influences flight performance has the potential
to explain the diversification of organisms into their
specialized ecological niche, including the general
biomechanical evolution of flying animals.

Variations in wing size and shape among localities

The Shapiro-Wilk test revealed a normal distribution in
the right forewing size in all provinces (P>0.05). Results of
One-way ANOVA of the mean forewing logCS (Table 3)
showed significant differences among colonies from the
twelve geographical localities (F = 24.02, P = 0.0001). The
highest centroid size value was recorded in Tlemcen, while
the smallest wing size was found in Tissemsilt and
Relizane. Furthermore, the coefficient of variation of
forewing size ranged from 24.1% to 40.7%, indicating
relative homogeneity or heterogeneity of the honey bee
populations. Overall, the current findings are consistent
with the reports of Barour et al. (2011) and Prado-Silva et
al. (2016). In Irag, Sultan (2015) reported no significant
differences in the size and shape of the right front wings of
honeybee worker A.mellifera collected from two distinct
geographic areas of Baghdad and Diyala.

The Doornik-Hansen test for multivariate normality
revealed that the shape data in all geographic areas were
not normally distributed. Box’s M-test revealed
heterogeneity of the variance-covariance matrices for right
forewing shape variables (F = 1.259, P<0.0001). Results of
the non-parametric MANOVA-test (PERMANOVA)
showed highly significant differences in the right forewing
shape among the twelve geographic areas studied (F =
6.394, P<0.0001, permutation N = 10,000). Post-hoc
pairwise comparisons revealed significant differences
(P<0.01) among all study zones except bhetween
Mostaganem and Saida provinces (P>0.05). Prado-Silva et
al.(2016) also reported significant effect of geographic
zone in forewing shape of Melipona mandacaia.
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Figure 5. Box plot showing log centroid size of right wings for
Apis mellifera intermissa and A.m. sahariensis (P = 0.214).
Circles mark the atypical values of CS
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Figure 6. The thin-plate spline grid showing the averaged forewing shape for Apis mellifera intermissa (above) and A.m. sahariensis
(below) (scale factor x10 for better visibility)

intermissa -- sahariensis

Figure 7. Wireframe scheme showing the forewing shape differences between Apis mellifera intermissa and A. m. sahariensis using
MorpholJ. Blackline for the positive side and grey and line for the negative side of the canonical (Scale factor x5 for better visibility of
the shape differences)

Frequency

-6 - -2 0 2 4

intermissa -- sahariensis

Figure 8. Results of the cross-validation test for the discriminant function in wing shape between Apis mellifera intermissa and A. m
sahariensis subspecies
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Figure 9. Multivariate regression scores of the wing Procrustes shape coordinates by log centroid size with 95% confidence ellipses

Table 3. Mean, standard deviation and coefficient of variation (%) of log centroid size for each study province

Locality N LogCS SD CV (%)
Tlemcen 99 7.1079 0.022 30.4
Tiaret 100 7.092¢de 0.024 33.2
Saida 100 7.1059 0.017 24.1
Sidi Belabbés 170 7.098defg 0.023 31.7
Mostaganem 120 7.0890w 0.018 25.0
Mascara 99 7.087%¢ 0.026 36.9
Oran 98 7.101¢f0 0.025 35.4
El-Bayedh 100 7.0822b 0.023 32.3
Tissemsilt 100 7.076% 0.021 29
Naama 100 7.103f9 0.021 29.3
Ain Temouchent 100 7.093cdef 0.017 235
Relizane 100 7.076% 0.029 40.7

Note: Values with different superscript letters are significantly different (P<0.001), SD: standard deviation, CV: coefficient of variation

The first five axes of the canonical variate analysis
(CVA) exhibited nearly 76% of the variation in forewing
shape between the geographical zones (Table 4). However,
the forewing shapes of the populations were not clearly
distinguished on all scatter plots (not shown), and no
cluster population-based on wing shape was identified.
Charistos et al. (2014) also reported that the CVA and the
PCA results appeared to detect differences between the
honey bee populations from Greece. In their study, Dolati
et al. (2013) highlighted that front wing measures
discriminated area populations better than hind wing
measures using a geometric morphometric method and
further reported that populations with small geographical

distances had more  morphological  similarities.
Nonetheless, Prado-Silva et al. (2016) reported no
significant morphometric  differences in  Melipona

mandacaia in relation to altitude, but both fore wing size
and shape were correlated to geographic distance.

Based on the locality level, the cross-validation test
showed low percentages of correctly classified specimens
ranging from 23% to 46.5% in all provinces studied (Table
5). These values are lower than the correct identification
rate of 68.2% obtained for European honey bee populations

from nine geographical zones in Iran (Dolati et al. 2013).
The differences observed could be due to genetic,
environmental, and abiotic factors, which according to
Dolati et al. (2013) could influence wing shape. Also, the
overlapping in the PCA results and the low rate of correct
classification may indicate of hybridization between
regions with a possible gene flow. Therefore, further
studies must be taken into account, as the genetic
divergence hypothesis appears to be appropriate not only at
the horizontal level of northeast, north-middle and
northwest of Algeria, but also at the northern, central and
southern Algeria vertical level.

Table 4. The first five canonical variates for the discrimination of
the 12 honey bee populations.

CcVv Eigenvalues % Variance  %Cumulative
1 0.407209 21.940000 21.940000
2 0.336480 18.129000 40.069000
3 0.306446 16.511000 56.579000
4 0.209595 11.293000 67.872000
5 0.150482 8.108000 75.980000
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Table 5. Percentage of correctly classified specimens in each city
performed using a permutation test with 10,000 rounds

% correctly classified

Locality (No. of correctly classified/ Total no. of

specimens)
Tlemcen 46.5% (46/99)
Tiaret 23% (23/100)
Saida 26% (26/100)
Sidi Belabbes 30.6% (52/170)
Mostaganem 43.3% (52/120)
Mascara 25.3% (25/99)
Oran 43.9% (43/98)
El-Bayedh 28% (28/100)
Tissemsilt 34% (34/100)
Naama 45% (45/100)
Ain Temouchent 41% (41/100)
Relizane 35% (35/100)
Overall % 34.8%

According to the UPGMA dendrogram showing
phenetic relationships of forewing morphology based on
the Mahalanobis distances between the 12 geographical
localities under study, there were two main clusters initially
(Figure 10). Tiaret and Naama provinces (highlands zone)
were categorized into the first cluster. All the remaining
provinces representing different agro-ecological zones
(highlands, plains, and coastal zone) belonged to the
second cluster. This suggests that geographic obstacles play
no significant role in controlling the two subspecies’
geographic repartition. These findings are in agreement
with what was reported in Romania by Coroian et al.
(2014), where the Carpathians mountains had only limited

Tissemsilt
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impact on the biogeography of both A. m. carnica and A.
m. macedonica subspecies. However, subspecies
differentiation according to the same authors, strongly
correlated with the various temperature zones. Similarly
Rattanawannee et al. (2012) found no clear separation of
Apis dorsata populations collected from five principal
geographic locations in mainland Thailand. In the
northwestern Algerian area under study, the Ruttner’s
classification (Ruttner1988) referred subspecies is thus no
longer recognized. It has been reported that migratory
beekeeping can form differences within populations (Arias
et al. 2006; Marghitas et al. 2008). The unregulated
movements of beekeeping, trading colonies and importing
queens are all dangerous activities for beekeeping.
Honeybee biodiversity must therefore be maintained
through some creative approaches such as setting up
conservation areas for the native subspecies, fertilization
stations, and even using artificial insemination to mitigate
the impact of polyandry for queens. This may help
beekeepers eliminate colonies that differ the most from
their preferred native subspecies (Nawrocka et al. 2018).

In conclusion, this study evidenced that geometric
morphometrics using the forewing proved to be a useful
tool in discriminating the two native subspecies of Algeria
A. m. intermissa and A. m.sahariensis. Moreover, in the
present research, the results showed that Ruttner
classification is no longer respected, and geographic
barriers seem to be unreliable in protecting the natural
distribution of the two subspecies. Further exploration
based on genetic markers is necessary to determine the
contribution of genetic differentiation in the morphological
findings.
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Figure 10. A dendrogram produced by the Unweighted Pair-Group method (UPGMA) showing phenetic relationships of forewing
morphology based on the Mahalanobis distances between the 12 geographical localities
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