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A B S T R A C T 

The characterization of the Tunisian bee was performed using a cytoplasmic molecular marker: mitochondrial DNA 

(DNAm). Molecular analysis was carried out on 655 colonies from 7 populations. This study showed that the Tunisian 
bee Apis mellifera intermissa has a maternal origin belonging to the A line, which contradicts its belonging to the M 
line as demonstrated on the basis of the biometric study alone. There is a genetic polymorphism within the local breed 
by the presence of four haplotypes A1, A8 and A9 and A4. The distribution of haplotypes A4 and A9 depends on 
climatic conditions. The foreign haplotypes are present in the region of Ghardimaou, and represented by the 
haplotype C7. 
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INTRODUCTION 

Mitochondrial DNA (DNAt) is an excellent marker for the 

phylogenetic study (Mensel and Moritz, 1993) and the 

genetic structure of natural populations (Avise et al., 

1987). In the case of Apis mellifera, all the members of a 

colony share the same type of mtDNA, since the queen 

transmits mitochondrial DNA to all of her offspring: 

male, female and new queen (Renaud, 2006). The 

DNAt
m allows resolution between evolutionary lines 

(Brown et al., 1979). In addition, it allows precise 

detection of foreign haplotypes in the populations 

studied (Garnery, 1992). The physical map of 

mitochondrial DNA is established using 17 restriction 

enzymes and includes 46 sites (Cornuet et al., 1991). The 

mitochondrial DNA molecule of the honey bee has 

varying sizes ranging from 16500 to 17600 bp (Smith 

and Brown, 1990 and Smith et al., 1997). This diversity 

results from the size polymorphism of several regions of 

the molecule (Smith and Brown, 1990), particularly the 

region between the  COI and COII genes (Mensel and 

Moritz, 1992). Two types of sequences can be recognized 

in the COI-COII region: P and Q (Garnery, 1992). Line A 

has a P0 sequence (68pb) followed by one, two, or three 

tandem repeats of the Q sequence (192-196pb). In the M 

line, there is also a variable number of Q sequences, but 

the P0 sequence is replaced by a shorter sequence 

(54bp) named P (Garnery, 1992). Line C does not have 

any of the P0 and P sequences and only one copy of the Q 

sequence (Garnery et al., 1993). The Tunisian bee Apis 

mellifera intermissa is very active (Gould and Gould, 

1993), but is characterized by its aggressiveness (Adam, 

1985), its strong tendency to swarm (Ormel, 1987) and 

its variability in honey production. These characteristics 

are not appreciated by the modern beekeeper (CNEA, 

2003). Such factors have prompted the professional 

Tunisian beekeeper to introduce alien subspecies, 

namely Apis mellifera carnica, Apis mellifera Caucasia, 

Apis mellifera ligustica, Apis mellifera macedonica and 

Apis mellifera mellifera due to their very interesting 

productivity in honey (Le Conte and Franck, 2005), and 

their least aggressiveness (FIDA, 1999). The 

introduction of subspecies of bees in Tunisia continues 
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until now (INS, 2007). In this study we used the DraI 

restriction polymorphism of the COI-COII region of the 

mitochondrial DNA of the 7 populations studied in order 

to establish a balance sheet of the Tunisian apiary herd, 

to estimate the importance of the anthropic effects On 

the variability of the populations and to evaluate the 

level of differentiation of the Tunisian bee according to 

the bioclimatic stages. 

MATERIALS AND METHODS 

Location of apiaries and number of colonies: A 

population is a spatial unit characterized by particular 

climatic, morphological and topographical conditions 

that distinguish it from other populations. Tunisia is 

covered by ten natural areas (Souissi, 2000). In this 

study we selected 7 populations. The three Great Erg 

(GE) populations, Chotts (CH) and Dahars and Matmata 

(DM) are desert populations. 60% of the bee population 

is located in northern Tunisia rich in plants with a 

melliferous potential (OEP, 2009). Our sampling 

respects this distribution in addition it respects the 

proportionality of the number of apiaries by beekeeper. 

Bees are taken directly from the flight hole and 

immersed in pure ethanol to keep them for several 

months at room temperature. Each colony studied has 

been sampled by 5 workers, a single bee is sufficient for 

this study, the other bees are kept in case the first 

extraction is not good. The number of colonies collected 

from each population is shown in figure 1. 

 
Figure 1. Number of colonies by population. (KM = Kroumirie Mogood, NECB = North East Cap, DT = Dorsal and Tell, 

BS = Low Steppe, HS = High Steppe, JO = Jeffara and Ouara and CA = Atlasic Chain, DM = Dahars and Matmata. 

Extraction of total DNA: Total DNA was extracted from 

the thorax using the Chelex 10% method (Estoup et al., 

1996). A solution of Chelex 10% previously heated to 

60° C. with stirring is added at a rate of 600 μl per 

sample. The digestion of the proteins is initiated by the 

addition of 18 μl of proteinase K to each tube which will 

be stirred and placed in a water bath for 1 hour at 50° C. 

It is then incubated twice for 15 minutes at 95° C. with a 

pause Of 10 minutes at room temperature between the 

two incubations. Finally, the tubes are centrifuged for 10 

minutes at 12000 rpm and are then stored with the 

Chelex beads at -20° C.  

Evaluation of mitochondrial diversity: The study of 

mitochondrial DNA has focused on the inter-genic region 

which extends between the cytochrome oxidase I and II 

locus. This region is amplified by PCR using primers E2 

(5'-GGCAGAATAAGTGCATTG-3') and H2 (5'-

CAATATCATTGATGACC-3) (Garnery, 1992). The 

amplification is carried out from 1,2 μl of total DNA in a 

reaction volume of 25 μl (2,7 μl of buffer, 2,7 μl of MgCl2 

(1,5 10-9 pmoles), 2,7 μl of dNTP (0,25 pmoles), 2,7μl of 

E2 (25 pmoles), 2,7μl of H2 (25 pmoles), 0,4μl of BSA: 

Bovine Serum Albumin, 11,8μl of H2O and 0,3μl of Taq 

polymerase (0.6 units). Each PCR was initially denatured 
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at 92° C. for 3 minutes followed by 30 cyclic reactions 

and each of these cycles consisted of three parts: 

denaturation, hybridization and elongation. Finally, the 

reaction mixture was raised to 63° C. for 10 minutes. The 

determination of the variants was carried out on 2 μl of 

the amplified DNA of the COI-COII region mixed with 4 μl 

of bromophenol blue of each sample on a 1.4% agarose 

gel. The restriction fragment length polymorphism is 

generated by hydrolysis of the DNA with a DraI 

restriction endonuclease (4 units). The digestion takes 

place under incubation at 37° C. for 48 hours. The 

identification of precise haplotypes requires two 

migrations on acrylamide gel at 10% and 5% 

concentration. The 10% and 5% agarose and acrylamide 

gels are then immersed for 5 minutes in a solution of 

ethidium bromide (0.5 μg / ml), an ultraviolet (260 nm) 

fluorescent intercalating agent in order to visualize the 

length of the fragments. 

Data Management: All data will be encoded and 

managed by Data Fauna Flora software (Barbier et al., 

2002). The cartographic representation will be done 

using Carto Fauna Flora software (Barbier and Rasmont, 

2000). The calculation of the frequency and the 

determination of the haplotypic diversity parameters (D, 

DNAtm) of the Tunisian bee were carried out using the 

EXCEL (Microsoft) software using the unbiased 

estimation formulas (Nei and Tajima, 1981): 

D= (n (1-∑pi2)/ (n-1), where n is the number of 

individuals and pi the haplotype frequencies. 

RESULTS 

Determination of variants: The variant (P0Q) is very 

predominant and accounts for about 94.66% of all 

variants of the Tunisian bee, in the populations of Lower 

Steppe, Atlas Chains and Jeffara and Ouara, this variant is 

dominant and represents 100%. The mean variant 

(P0QQ) cohabitates with the short variant (P0Q) in the 

populations of Haute steppe, Dorsale and Tell, North 

East Cap Bon and Kroumirie Mogood. The mean variant 

(P0QQ) having a low percentage ranging from 2.2% to 

8.5%. The distribution of the total variants P0Q, P0QQ 

and Q within the 7 populations is shown in figure 2.

 
Figure 2. Percentages of variants in the 7 populations. 
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Determination of haplotypes: The identification of 

restriction profiles of the COI-COII mitochondrial region 

(figure 3a) of 655 bees from 7 populations by the DraI enzyme 

revealed the existence of five haplotypes, four of which are 

African types belonging to line A And are A1, A4, A8 and A9; 

The fifth haplotype belonging to the C line is represented by 

the C7 haplotype. The mitochondrial COI-COII region of the 

haplotypes A1 and A8 is of the P0Q type, the haplotypes A4 and 

A9 are of the P0QQ type and the haplotype C7 is of type Q 

(figure 3b). 

 

 
Figure 3. Migration of: a-variants on the agarose gel and b- haplotypes on acrylamide gel 5%. 

The haplotypes A8 and A9 are characterized by the existence of 

a single restriction site for the DraI enzyme, after migration 

onto the acrylamide gel, we detected 2 restriction fragments of 

different sizes (47 and 592bp) for the Haplotype A8 and (47 and 

785bp) for haplotype A9. The haplotype A1 is characterized by 

the presence of two restriction sites for the enzyme DraI, on the 

acrylamide gel we detected 3 fragments of restrictions of 

different sizes (47,109-110 and 483-487 bp). The A4 haplotype 
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is characterized by the presence of 3 restriction sites for the 

enzyme DraI; on the acrylamide gel we detected 4 restriction 

fragments of respective sizes (592, 193, 109-110 and 47 bp). Of 

the 7 populations studied, haplotypes A1 and A8 are very 

predominant and account for about 94.65% of the honeybee 

rate studied. Of the five haplotypes, haplotype A1 is very 

dominant and represents 60.91% of all haplotypes of the 

Tunisian bee. The haplotypes A4, A8 and A9 represent 

respectively 1.37%, 33.74% and 3.51%. The distribution of 

haplotypes within the 7 populations is shown in figure 4. 

 
Figure 4. Percentages of haplotypes in the 7 populations. 

Haplotypic diversity within each population: The 

haplotypic diversity within the population depends on the 

number of haplotypes and especially on the percentage of 

each haplotype. Given the small percentage of haplotypes A9, 

A4 and C7, we can deduce that the bee population of the 

Tunisian bee consists essentially of two haplotypes A1 and 

A8 which represent 94.65%. When there is an equality 

between the two major haplotypes A1 and A8, the haplotypic 

diversity of the population is high; In the opposite case, ie the 

dominance of one or the other haplotype reduces the 

haplotypic diversity of the population. The haplotypic 

diversity of the 7 populations studied is variable on the 

Tunisian scale, haplotypic diversity is average (0.478). This is 

due to the dominance of haplotype A1, which alone accounts 

for about 2/3 of the bee population of Tunisia. The 

populations Cap Bon (0.346), Basse Steppe (0.383), Dorsal 

and Tell (0.481) and Jeffara and Ouara (0.458). The 

imbalance in the percentages of haplotypes has influenced 

the haplotypic diversity within these populations. The 

haplotype A1 is dominant in the northeastern Cape Bon, 

Basse Steppe, Dorsale and Tell populations. 66.9%, 68% and 

64.17% of the bee population of these populations. In the 

Jeffara and Ouara population, haplotype A8 is dominant and 

accounts for 62.5% of the bee population in this population. 

The Kroumirie Mogod, Atlas and Upper Steppe populations 

have a high haplotypic diversity of 0.532, 0.545 and 0.604, 

respectively, due to the decrease in disproportion between 

the two major haplotypes of Tunisia A1 and A8. 
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Distribution of haplotypes according to the bioclimatic 

stages: The tolerance interval of the four haplotypes A1, A4, 

A8 and A9 with respect to temperature and precipitation is 

different. The haplotype A4 and A9 are present where the 

annual precipitation amount is greater than 300mm and the 

mean annual temperature is less than 19 ° c (table 1 and 2). 

Unlike haplotypes A4 and A9, haplotypes A1 and A8 are 

present in all temperatures and precipitation (table 1 and 2).
 

Table 1. Distribution of haplotypes according to annual mean temperatures (° C). 

Temperature 14-14,34 15-15,325 16,81 17,55-17,85 18-18,7 19,73-20,5 

P0Q 
A1 46 27 18 112 174 22 

A8 40 15 18 40 85 23 

P0QQ 
A4 * 5 * 2 2 * 

A9 6 6 * 9 2 * 

Q C7 3 * * * * * 
 

Table 2. Distribution of haplotypes according to annual precipitation (mm). 

Precipitation 0-300 301-600 601-900 901-1200 1201 ET + 

P0Q 
A1 48 247 27 53 24 

A8 42 111 8 50 10 

P0QQ 
A4 * 3 * 1 5 

A9 * 13 1 7 2 

Q C7 * * * 3 * 
 

The distribution of the haplotypes of the Tunisian bee 

according to the bioclimatic stages is not identical. Haplotypes 

A1 and A8 are present in all bioclimatic stages. The haplotypes 

A9 and A4 are present only in humid, subhumid and semi-arid 

to fresh winters bioclimatic stages. The size of the COI-COII 

inter-gene sequence appears to depend more on latitude and 

altitude, in fact in cold regions the mean Q sequence number is 

higher (Garnery, 1992). The distributions of the haplotypes A1, 

A4, A8 and A9 according to the bioclimatic stages are shown in 

the figure 5. 

 
Figure 5. Distribution of haplotypes A1, A4, A8 and A9 according to the bioclimatic stages of Tunisia. (1-Wet, 2- Subhumid, 3- Semi-

arid to mild winters, 4- Semi-arid to cool winters, 5- Arid to cool winters, 6- Arid to mild winters, 7- Saharan. 
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DISCUSSION 

Evolutionary origin and haplotypic biodiversity of the 

Tunisian bee: The use of the DraI restriction polymorphism of 

the COI-COII region of DNAm showed the strong discriminating 

power of this molecular cytoplasmic marker in the analysis of 

the biodiversity of the Tunisian bee. The results for the 

analysis of 655 bees show that colonies with a maternal origin 

belonging to the very predominant line A in Tunisia represent 

about 99.54% of the bees sampled. This study made it possible 

to demonstrate the existence of the five haplotypes A1, A8, A4 

and A9 and C7. The Tunisian bee has retained its originality as 

a bee belonging to line A. Based on our results and the results 

of Franck et al. (2001), De la Rua et al., (1998, 2001, 2002, 

2003 and 2004a and b), Garnery et al., (1988), Sinacori et al., 

(1998) and Sheppard and Meixner (2000), haplotypes A1, A4, 

A8 and A9 are common in all African subspecies Apis mellifera 

Unicolor, Apis mellifera Capensis, Apis mellifera Scutellata, Apis 

mellifera Monticola, Apis mellifera Adonsonii, Apis mellifera 

Sahariensis and Apis mellifera Intermissa, the subspecies of 

several islands of the Mediterranean Apis mellifera Sicula and 

Apis mellifera Ruthnerii (Sheppard and Meixner 2000) and the 

Western European subspecies Apis mellifera iberica (De la Rua 

et al., 1998, 2001, 2002 and 2003 and Garnery et al., 1988). 

The level of introgression of the Tunisian bee: The foreign 

lines are very poorly represented on all seven populations, 

0% for the M line and 0.45% for the C line, which is 

represented by the C7 haplotype. These foreign bees are 

frequent in the population of Kroumirie Mogood, specifically 

in the region of Ghardimaou. Within this population, the 

percentage of this haplotype is of the order of 1.2%. These 

bees were sampled by the Breeding and Pasture Office in 

three different apiaries from three beekeepers. The presence 

of the same haplotype in the El Taref region of Algeria, which 

is a neighboring town of Ghardimaou, leads us to believe that 

the anthropogenic factor and the natural factor linked to the 

genetic character of the bee may explain the presence of 

these haplotypes foreign bees. These bees of line C may be 

the traces of the former introductions of foreign bees in 

Tunisia or in Algeria. Given the proximity of Ghardimaou and 

El Taref, by hunt swarms during the swarming, or by buying 

these bees, beekeepers Tunisians or Algerians make 

proliferate these foreign bees. The natural migration 

direction of Apis  mellifera Intermissa is from south to north, 

that is from North Africa to East and West Europe. During the 

last glaciation, the Mediterranean was divided into two 

basins; among them a passage that encompassed southern 

Italy, Sicily and eastern Tunisia, the Tunisian bee migrated 

from south to north to meet Apis mellifera Ligustica giving 

rise to a subspecies ancestor of Apis mellifera Ruttnerii and 

Apis mellifera Sicula (Sheppard et al., 1997). The introduction 

of foreign subspecies in Tunisia is against the natural sense of 

migration. These long-term introductions can directly 

threaten the homogeneity and therefore the hybridization of 

the local breed, especially since all breeds of Apis mellifera 

are interfertile (Fresnaye, 1981) and indirectly influence the 

biodiversity of the honey flora that Results in the change of 

ecosystems. These introductions have led to the proliferation 

of enemies and infectious diseases: Varroa destructor which 

was introduced by bees imported from Romania (Fourgi, 

1979). 

Physiological adaptation of the four haplotypes of the 

Tunisian bee: In the evolutionary history of Apis mellifera 

Intermissa, it acquired in its gene pool the good adaptation to 

the climatic conditions of Tunisia: severe winter, hot summer 

(Grissa, 2000). Indeed, it can withstand temperatures that 

other sub-species cannot stand (Adam, 1955). In addition to 

adapting to climatic conditions, it is perfectly adapted to 

periods of local vegetation (Grissa, 2000). The haplotypes A4 

and A9 have a tendency to fight against the cold (Chouchaine 

et al., 2014). They lower the temperature of the brood nest 

(Chouchaine et al., 2015). These haplotypes present a limited 

brood (Chouchaine, 2010). In winters, spawning stops, the 

temperature of the core of the cluster of these two 

haplotypes is 25 (± 3) ° C, the temperature of the periphery is 

9 ° C and the cluster is formed around the queen. The 

outermost envelope of the cluster can never drop below 9 ° C. 

As soon as a situation threatens, the core of the cluster 

produces an excess of heat to restore adequate conditions to 

the periphery (Chouchaine et al., 2015). Haplotypes A1 and 

A8 are much more sensitive to low temperatures and cannot 

overwinter at extreme conditions. These two haplotypes tend 

to increase the mechanism of thermogenesis through 

thermolysis in order to keep the temperature of the 

periphery of the cluster higher than the triggering threshold 

of individual thermogenesis (Chouchaine et al., 2015). The 

phenomenon of overwintering is observed in Apis mellifera 

mellifera Linnæus (1758) (André 1990). In this case, it is 

attributed to proteins, fats and a substance called biopterin 

(Imdorf et al., 1996). The life expectancy of the bee is a key 

criterion in wintering (Imdorf et al., 1985). Indeed, genetic 

factors (Chouchaine et al., 2016) and environmental factors 

play a role (Chavalarias, 2007). The size of the COI-COII inter-

gene sequence of mitochondrial DNA depends on latitude and 

altitude. In cold regions, the average number of Q sequences 

is higher (Garnery 1992). The oxygen consumption is 

proportional to the number of Q sequences (Chouchaine et 

al., 2016). Similarly, wintering depends on the oxygen 

consumption of haplotypes (Chouchaine et al., 2015). 

CONCLUSION 

The applications envisaged, such as the setting up of a 

conservatory for livestock management at the local and 

national level and impact studies are needed in order to better 

characterize the level of variability of local bees and to 

preserve genetic diversity before it is too late, and that local 

bees no longer have sufficient genetic resources to maintain 

them sustainably. 



Int. J. Entomol. Res. 05 (01) 2017. 01-09 

08 

REFERENCES 

Adam, F. 1955. À la recherche des meilleures lignées d’abeilles, 

second voyage (1), Belgique Apicole, 19, pp 72-80. 

Adam, B. 1985. Breeding the honeybee. Evaluation of the 

Breeding possibilities of the different races of the 

honeybees, Part III, pp 1-2. 

Andre, P. 1990. L’hivernage extérieur des colonies d’abeilles. 

Journée champêtre en apiculture. CRAAQ. pp 1-2. 

Avise, J., J. Arnold, R. Ball, E. Bermingham, T. Lamb, J. Neigel, C. 

Reedet and N. Sanders. 1987. Intraspecific 

phylogeography: the mitochondrial DNA bride between 

population genetics and systematics Annual Review of 

Ecology and Systematics, 18, pp 489-522. 

Barbier, Y. and P. Rasmont. 2000. Carto Fauna-Flora, logiciel de 

cartographie de données biogéographiques. Version 2.0. 

Université de Mons-Hainaut, 59pp. 1CD-ROM. 

Barbier, Y., P. Rasmont, M. Dufrene, and J. Sibert. 2002. Data 

Fauna-Flora. Version 2.0.2. Université de Mons-Hainaut, 

106 pp. 1CD-ROM. 

Brown, W., M. George, A. Et-Wilson. 1979. Rapid evolution of 

animal mitochondrial DNA proceedings of National 

Academy of Sciences of the United States of America, 76, 

pp1967-1971. 

Chavalarias, D. 2007. La part mimétique des dynamiques de 

cognition sociale : clé pour penser l'auto-transformation 

du social. NPSS, 2, (2). pp33-57. 

Chouchaine, M. 2010. Contribution à l’Etude de la Biodiversité 

des Apoidea en Tunisie. Etude Morphométrique, 

Moléculaire et Eco-Physiologique de l’Abeille 

Tunisienne: Apis mellifera intermissa (Buttel–Reepen, 

1906) (Hymenoptera: Apidae). Thèse, Institut National 

Agronomique de Tunis. Tunisie. 205p. 

Chouchaine, M., N. Barbouche, K. Benachour and A. Gazali 

Abdellaoui A Et Khemiri. 2014. Etude de la respiration, à 

l’état isolé, des haplotypes de l’abeille tunisienne Apis 

mellifera intermissa (BUTTEL REEPEN 1906) 

(Hymenoptera: Apidae). Annales de la Société 

Entomologique  de France.50 (2) 248-255 

687. http://dx.doi.org/10.1080/00379271.2014.937600. 

Chouchaine, M., N. Barbouche and A. Khemiri. 2015. Etude 

comparative des paramètres internes du 

thermopréférendum des haplotypes de l’abeille 

tellienne tunisienne Apis mellifera intermissa (Buttel 

Reepen 1906). Livestock Research for Rural 

Development. 27 :9. 

http://www.lrrd.org/lrrd27/9/chou27171.html. 

Chouchaine, M., A.G. Abdellaoui, I. Hmidi, N. Barbouche and A. 

Khemiri. 2016. Modelling of the respiration of the 

Tunisian bee Apis mellifera intermissa (Buttel Reepen, 

1906) (Hymenoptera: Apidae). International  Journal of 

Entomological Research 04 (01) 2016. 13-23. 

CNEA. 2003. Etude du secteur Apicole en Tunisie Phase I, 

Etude technico-économique des projets–types, 143p. 

Cornuet, J., I. Garnery, M. Et Solignac. 1991. Putative origin and 

function of the intergenic region between coi and coii of 

apis mellifera l mitochondrial dna. Genetics, 1128, 

pp393-403. 

De La Rua, P., J. Serrano and J. Et Gallian. 1998. Mitochondrial 

dna variability in the canary islands honeybees (apis 

mellifera l), molecular ecology, 7, pp1543-1547. 

De La Rua, P., J. Galian, J. Serrano and R.A.F. Et Morritz. 2001. 

Molecular characterization and population structure of 

the honeybees from the balearic islands (spain). 

Apidologie, 32, pp417-427. 

De La Rua, P., J. Galian, J. Serrano and R.A.F. Et Moritz. 2002. 

Microsatellite analysis of non –migratory colonies of 

apis mellifera iberica from south–eastern spain. J. Zool. 

Syst. Evol. Research 40, pp164-168. 

De La Rua, P., J. Galian, J. Serrano and R.A.F. Et Moritz. 2003. 

Genetic structure of bealearic honeybee population 

based on microsatetellite polymorphism. Genet. Sel. 

Evol. 35, pp339-350. 

De La Rua, P., G. Hernandez, B.V. Pedersen, J. Galian and J. 

Serrano. 2004a. Molecular diversity of honeybee Apis 

mellifera iberica L (hymenoptera: apidae) from western 

andalusia. Arch. Zootech. 53. Pp195-203. 

De La Rua, P., Y. Dimenez, J. Galian and J. Serrano. 2004b. 

Evaluation of biodiversity of honeybee (apis mellifera) 

populations from eastern spain. Journal of apicultual 

research 43(4), pp162-166. 

Estoup, A., C. Largiader, E. Perrot and D. Et Chourrout. 1996. 

Rapid one tube dna extraction for reliable pcr detection 

of fish polymorphic markers and transgenes. Molecular 

marine bioloy and biotechnology, 5(3), pp 295-298. 

Fida, 1999. La recherche agricole et la formation. Don 

d’assistance technique, rome, 7p. 

Franck, P., I. Garnery, A. Loiseau, B. Oldroyd, H. Hepburn, M. 

Solignac and J. Et Cornuet. 2001. Genetics diversity of 

the honeybee in africa: microsatellite and mitochondrial 

data. The Genetics Society of Great Britain. Heredity 86, 

pp420-430. 

Fourgi, l. 1979. La varroase en tunisie, apimondia, budapesti, 

pp363-366. 

Imdorf, A., M. Rickli and P. Et Fluri. 1996. Dynamique des 

populations d'abeilles. Centre suisse de recherche 

apicole.  Station de recherches laitiere. Liebefeld, ch-

3003 berne. 48 pages.http://www.alp.admin.ch/ 

themen/00502/00529/00532/index.html? 

Imdorf, A., S. Bogdanov and V. Et Kilchenmann. 1985. Du miel 

de miellat cristallise dans les hausses et les corps de 

ruche. Comment reagir? 1re partie: hivernage sur du 

miel de miellat cristallise. Journal suisse d'apiculture. 

(82), pp 438-446. 

Garnery, l. 1992. Variabilite de l’adn mitochondrial de l’abeille 

domestique. Implication phylogenetiques, these, 

universite paris vi, paris. 170p. 

mailto:http%C3%96://dx.doi.org/10.1080/00379271.2014.937600
http://www.lrrd.org/lrrd27/9/chou27171.html


Int. J. Entomol. Res. 05 (01) 2017. 01-09 

09 

Garnery, l., G. Solignac, G. Celebrano and J. Et Cornuet. 1993. A 

simple test using restricted pcr–amplified 

mitochondrial dna to study the genetic structure of apis 

mellifera l. Experientia, 49, pp1016-1021. 

Garnery, l., P. Franck and E. Et Bourdy. 1988. Genetic 

biodiversity of the west european honeybee (apis 

mellifera mellifera and apis mellifera iberica). I. 

Mitochondrial dna. Genetic. Selection and evolution, 30, 

pp31-47. 

Gould, J and C. Et Gould. 1993. L’univers des sciences, les 

abeilles comportement, communication et capacites 

sensorielles, 233p. 

Grissa, K. 2000. Biologic evolution and adaptating of the 

tunisian bee, apis mellifera intermissa to the local 

environement, apiacta, 35(3), pp126-137. 

Ins. 2007. Institut national des statistiques. 

Leconte, Y and P. Et. Franck. 2005. Les races de l’abeille 

domestiques apis mellifera linneaus. Abeille & fleurs, 

659, pp22-23. 

Nei, M and M. Et Tajima. 1981. Dna polymorphism detectable 

by restriction endonucleases. Genetics, 97, pp583-590. 

Mensel, M and R. Et Moritz. 1993. Transfer of paternal 

mitochondrial dna during fertilization of honeybee (Apis 

mellifera L) eggs. Current genetics, 24, pp 539-543. 

Mensel, M and R. Et Moritz. 1992. Mitochondrial dna length 

variation in the cytochrome oxidase of honeybee (Apis 

mellifera L). Apidologie, 23, pp 147-150. 

O. E. P. 2009. Elevage des abeilles. Rapport annuelle. Pp 1-2. 

Ormel, G. 1987. Guide concis d’apiculture avec reference 

speciale a l’afrique du nord, les races d’abeilles 

domestiques, pp17-18. 

Renaud l. 2006. Smr ou vsh? Enfin explique. Dossier genetique. 

Abeille & cie n° 115. 30-32pp. 

Sinacori, A., T.E. Rinderer, V. Lancaster and W.S. Sheppard. 

1998. A morphological and mitochondrial assement of 

apis mellifera from palermo, italy. Apidologie 29, pp481-

490. 

Sheppard, W and M. Et Meixner. 2000. Auf dem weg zu eimer 

abschatzung der sequenz divergenzate in den 

mitochondrialen dna von apis mellifera. Abstract, 

association of institutes for bee, research seminar, 

pp457-459. 

Sheppard, W.S., M.C. Arias, A. Grech and M. Meixner. 1997. Apis 

mellifera ruttnerii, a new honey bee subspecies from 

malta. Apidologie, 28, pp287-293. 

Smith, D and W. Et Brown. 1990. Restriction endonuclease 

cleavage site and length polymorphism in 

mitochondrial dna of apis mellifera mellifera and apis 

mellifera carnica (hymenoptera: apidae). Annals of the 

Enthomological society of america, 83(1), pp 81-88. 

Smith, D., A. Slaymaker, M. Palmer and I. Et Kaftanoghuo. 1997. 

Turkish honey bees belong to the cast mediterranean 

mitochondrial lineage. Apidologie, 28, pp 269-274. 

Souissi, A. 2000. Tunisie enjeux et politiques d’environnement 

et de developpement durable. Plan bleu, centre 

d’activités régionales Sophia antipolis. 64 pages.

 

 


