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The various studies carried out on the Erinaceidae to date show that Algeria is 

home to two species of hedgehog belonging to two different genera, the 

Mediterranean species Atelerix algirus and the desert species Hemiechinus 

aethiopicus. Based on the literature, it would appear that these two species are 

allopatric, the former being found in the northern regions of the country while 

the latter is native to southern Algeria. However, our recent investigations reveal 

the presence of overlapping zones where the two species coexist in sympatry in 

certain arid zones (Ain Sefra, Aïn el Orak, Laghouat, Biskra). In order to 

distinguish these two species, which are protected in Algeria, genetically and to 

detect any possible hybridisation between them, particularly in contact zones 

(hybridisation zone), a study of mitochondrial and nuclear DNA was carried out 

using specific molecular markers (myoglobin, D-Loop). The results obtained 

provide information on the characteristics of the two species (Atelerix algirus, 

Hemiechinus aethiopicus) in relation to the large family Erinaceidae, and propose 

a well-founded geographical distribution model for the hedgehog in Algeria. 
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Introduction  

The hedgehog is a small insectivorous 

mammal belonging to the Erinaceidae family, 

with a very wide distribution (Corbet, 1988 ; 

He et al., 2012). Seventeen species, currently 

divided into five genera, are found in Europe, 

Asia, Africa and New Zealand (by importation). 

Each genus has its own morphological, 

craniometric, osteological and odontological 

characteristics (Frost et al., 1991 ). In Algeria, 

work to date reports the presence of two 

different species (Leberre, 1990), the 

Mediterranean species Atelerix algirus 

(Lereboull et, 1842) and the desert species 

Hemiechinus aethiopicus (Ehrenberg,  1832).  

As for its geographical distribution, the desert 

hedgehog inhabits a fairly narrow band (sub-

desert) between the Saharan Atlas and the 

great desert. In the north, it is found in the Ain 

Sefraregion, on the northern slopes of the 

Saharan Atlas, in Ain Ouarka, Brezina, 

Laghouat and Biskra. It is also found in Beni 

Abbès in the west and El Golea in central 

Algeria. This desert species is widely found in 

the mountains of the central Sahara, and has 

been observed in Ahnet Adrar and in and 

around the Hoggar. The range of the 

Mediterranean species Atelerix algiruscovers 

the whole of northern Algeria. It is present in 

the High Plateaux, where it coexists with 

Hemiechinus aethiopicus south of Ain Sefra, 

Aïn el Orak, Laghouat and Biskra (Kowalski et 

Rzebik-Kowalska, 1991 ). 

According to the data reported in the 

literature, it is likely that the geographical 

distribution of the two species follows the 

allopatric distribution, but there is no doubt 

that there is a hybridisation zone (Bogdanov 

et al., 2009) where the Mediterranean species 

and the desert species coexist together in a 

parapatric distribution (Bull, 1991 ; Dennis et 

Hellberg, 2010 ). With this in mind, in order to 

gain a better understanding of the distribution 

area of these two protected species in Algeria 

and to detect any hybridisation between 

them, we carried out this study based on the 

study of mtDNA and nuclear DNA and, more 

importantly, the genetic identification of the 

two species, Atelerix algirus and Hemiechinus 

aethiopicus, collected in different regions of 

the country. 

Materials and methods 

Sampling 

Hedgehog samples were collected in different 

regions of Algeria from corpses found killed on 

roads, dead in the wild in the field or from 

animals caught living in forests. For each 

sample, a phenotypic identification was 

carried to determine the species, Atelerix 

algirusor Hemiechinus aethiopicus. An ear 

biopsy was taken and preserved in DMSO (salt 

solution) (Seutln et al., 1991 ). After sampling, 

the live hedgehogs are released back into 

their native environment. Table I below shows 

the sampling sites of the 44 hedgehogs 

studied in this study. 

Extraction 

DNA was extracted from tissue samples using 

the DNeasyTissue Kit (Qiagen, Crawley, UK), 

following the manufacturing instructions; the 

final volume of DNA extract was 200 µl for 

each sample, contamination was monitored 

by including two extraction vials in each 

extraction round. 

Amplification 

A 473 bp nuclear DNA fragment (base pair), 

the myoglobin gene, and a 460 bp 

mitochondrial DNA fragment, the D-Loop 

control region, were amplified by Polymerase 

Chain Reaction (PCR) using two different 

primer pairs (Krettek et al., 1995; Madsen et 

al., 2001; HE et al., 2012; Dubey et al., 2007).  

Myoglobin PCR was conducted with a reaction 

mixture containing 50 mM Tris-HCl (pH 8.9), 

20 mM ammonium sulphate, 20 mM EDTA, 

170 mg/ml bovine serum albumin, 200 mM of 

each dNTP, 2 mM MgCl2, 0.6 mM of each 

primer, 0.1 to 0,2 mg of DNA and 2 units of 

Taq polymerase while the D-Loop PCR was 

conducted with the reaction mixture 

containing 50 mM Tris-HCl (pH 8.9), 20 mM 

ammonium sulphate, 20 mM EDTA, 170 

mg/ml bovine serum albumin, 200 mM of 

each dNTP, 2 mM MgCl2, 0.6 mM of each 

primer, 0.1 to 0.2 mg of DNA and 2 units of 

Taq polymerase. 
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The thermal cycle results in an initial 

denaturation at 94° C for 2 min, 30 cycles (94° 

C for 30 s, 55° C for 30 s, 72° C for 45 s), and a 

final extension at 72° C for 7 min, or 

alternatively, the amplification phase is 35 

cycles (94° C for 20 s, 55° C for 20 s,72° C for 

30 s) for myoglobin but for D-Loop 

amplification the initial denaturation was at 

94° C for 2 min, 30 cycles (94° C for 30 s, 55° C 

for 30 s, 72° C for 45 s), and the final extension 

was at 72° C for 7 min, or alternatively, the 

amplification phase was 35 cycles (94° C for 20 

s, 55° C for 20 s, 72° C for 30 s).   

PCR products were cleaned using the Qiagen 

PCR Cleaning Kit (Valencia, CA). 

Séquence processing 

MEGA5 (Evolutionary Molecular Genetic 

Analysis) software version 6.0 (Tamura et al., 

2013) was used to process the sequences and 

construct the dendrogram using the UPGMA 

(Unweighted Pair Group Method with 

Arithmetic mean) method. This software has a 

wide variety of data editing tasks, sequence 

alignment using ClustalW, molecular clock 

testing and single-branch group significance 

tests (Tamura et al., 2007; Kumar et al., 2008). 

Results  

Phylogeny of the Algerian hedgehog 

Analysis of the 44 samples from 21 wilayas in 

Algeria identified 2 very distinct groups based 

on morphological criteria: the Atelerixalgirus 

group (Figure 1) with 29 samples from the 

following regions: Bordj Bou Arreridj, 

Boumerdès, Médéa, Tipaza, Bouira, Alger, 

Adrar, Djelfa, El Oued, Biskra, Blida, 

Khenchela, Tlemcen, Ouargla, Laghouat, Batna 

and Constantine and the 

Hemiechinusaethiopicus group (Figure 2) with 

15 samples from the following regions: Adrar, 

Bechar, Ghardaïa, Ouargla, Tamanrasset and 

M'Sila. 

 

 

Figure 01: Atelerix algirus. 

 

Figure 02: Hemiechinus aethiopicus. 

The results of the molecular study, based on 

the nuclear DNA (myoglobin) used to 

determine the species and the mitochondrial 

DNA (D-Loop) used to detect intra-specific 

variations, were analysedusing the MEGA5 

programme and gave a very representative 

dendrogram (UPGMA) (Figure 3). This tree 

shows the presence of two very distinct 

groups, each corresponding to a species; the 

first group with 29 samples represents 

Atelerixalgirus and the second group with 15 

samples represents Hemiechinusaethiopicus. 

https://www.univ-soukahras.dz/en/revue/aivj
https://www.univ-soukahras.dz/en/revue/aivj


University of Souk-Ahras 

7 
Algerian International Veterinary journal (2026) 1:7-14 /https://www.univ-
soukahras.dz/en/revue/aivj 

 

 

Figure 03. Phylogenetic tree showing the 

structure of the hedgehogs studied. This tree, 

which is the basis of the UPGMA method, was 

constructed using K-2P distances and the 

figures are bootstrap values (1000 replicates). 

Dispersion model for the samples studied 

Figure 04 shows the identification of the 

groups of samples analysed by morphological 

and molecular methods and their distribution 

in the 21 wilayas of Algeria. 

The characteristics of the two ecosystems to 

which each group of hedgehogs belongs, with 

a very narrow contact zone or parapatry zone 

(Dennis et al., 2010), has resulted in two 

highly developed ecotypes that are well 

adapted to their living environment, 

represented by two species, the 

Mediterranean species Atelerix algirus and the 

desert species Hemiechinus aethiopicus. The 

morphological study shows the differences 

specific to each species, despite the fact that 

there are similarities in certain characteristics 

such as the spines that cover the animal's 

body, the tactile vibrissae, the dental formula 

and the absence of sexual dimorphism 

(Leberre, 1990; Kowalski and Rzebik-Kowalska, 

1991). The molecular results reflect the same 

divergences observed in the two 

representative groups of the two species. 

 

Figure 04: Comprehensive map showing the 

identification of sample groups studied in 21 

wilayas. (Atelerix algirus; Hemiechinus 

aethiopicus). 

In our opinion, the arid zones studied 

represent contact zones between the two 

species and also reflect the geographical limits 

between the two species studied. Three 

hedgehogs do not seem to corroborate the 

observed distribution pattern, two hedgehogs 

from the wilaya of Adrar and one hedgehog 

from the wilaya of Ouargla which are 

considered, according to our study and all 

previous studies, to be distribution areas for 

Hemiechinus aethiopicus show a phenotype 

similar to that of Atelerix algirus. The presence 

of these specimens in cohabitation with the 

desert hedgehog, which has a distinct 

phenotype, could be explained by the 

presence of hybrids, but this hypothesis is 

rejected by the molecular study, which 

confirmed that they are pure Atelerix algirus 

identical to the Mediterranean species. 

Position of the Algerian hedgehog in the 

family Erinaceidae 
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In order to find the position of the Algerian 

hedgehog in the phylogenetic tree of the 

Erinaceidae family on the basis of the genetic 

identification of species, we used the data 

available on the GenBank. We introduced our 

sequences from the control region and with 

the BLAST function, which means comparing a 

nucleic sequence to a nucleic library, we 

looked for the species in the library that has 

the sequence closest to ours, we found 10 

sequences of Atelerix algirus and 19 

sequences of Hemiechinus aethiopicus which 

represent the results of other work carried out 

on these two species, we also had as results 

the European hedgehog Erinaceus 

euraopaeus, Erinaceus concolor, Erinaceus 

roumanicus, Erinaceus amurensis, 

Hemiechinus auritus; The results are shown in 

Table II. 

By analysing the percentages of similarity 

between the different species (Table II) we 

found that contrary to the morphological 

results where several studies classified the 

European hedgehog Erinaceus euraopaeus as 

the hedgehog closest to Atelerix algirus 

(Bretagnoulle and Attie, 1989 ) the molecular 

results (for myoglobin and D-Loop) gave a 

similarity rate of 90% between the sequences 

of Atelerix algirus and the sequences of the 

Eastern European hedgehog Erinaceus 

concolor, and 87% with the sequence of the 

Western European hedgehog Erinaceus 

euraopaeus, which leads us to conclude that 

Atelerix algirusis closer to Erinaceus concolor 

than to Erinaceus euraopaeus. 

Table II: Results of comparison between the 

two species of Algerian hedgehog and other 

species of the family Erinaceidae. 

 

 

Hedgehog hybridisation 

Reports of hybridisation and introgression 

between wild animal species have increased 

considerably in recent decades (Allendorf et 

al., 2001; Grant et al., 2005; Mallet, 2005). 

Many cases are still unknown because of the 

difficulties in detecting and recognising their 

occurrence, especially when morphologically 

overlapping phenotypes are involved 

(Largiader, 2007). Hybridisation is the result of 

mating between individuals belonging to 

genetically distinct populations, whatever the 

current taxonomic status of these populations 

(Rhymer and Simberloff, 1996). Introgression 

is the result of gene flow between populations 

in the form of backcrossing between hybrids 

and one or two parental species (Rhymer and 

Simberloff, 1996).  

Natural hybridisation is an important process 

in the evolution and diversification of species 

(Arnold, 1997; Dowling and Secor, 1997; 

Barton, 2001). However, hybridisation can 

also contribute to the decline of species, 

either through the loss of genetically different 

traits when hybrids are fertile or through the 

loss of reproduction when hybrids are partially 

or totally sterile, and can ultimately lead to 

extinction (Allendorf and Luikart, 2007). 

The presence of reproductive barriers is also 

associated with the loss and fragmentation of 

habitats and/or the introduction of species 

(Allendorf et al., 2001). In populations where 

hybridisation has already been impoverished, 

individuals are unable to find partners of the 

same species (reproductive barriers), thus 

increasing the risk of mating with specimens 

from closely related species (Kyle et al., 2003; 

Lode et al., 2005; Cabria et al., 2011). 

Hybridisation is common in mammals and has 

been detected in monkeys (Roos et al., 2011), 

wild goats (Ropiquet and Hassanin, 2006), 

hares (Melo-Ferreira et al., 2007; Liu et al, 

2011), carnivores (Kyle et al., 2003; Schwartz 

et al., 2004; Adams et al., 2007; Trigo et al., 

2008; Cabria et al., 2011) and rodents 

(Ermakov et al., 2002; 2006; Spiridonova et al., 

2006; Tsvirka et al., 2006). This phenomenon 

Family Erinaceidae Atelerix 

algirus 

Hemiechinus 

aethiopicus 

Erinaceus concolor 90 % 87 % 

Erinaceus roumanicus 88 % 86 % 

Erinaceus amurensis 88 % 85 % 

Erinaceus europaeus 87 % 84 % 

Hemiechinus auritus + more 

than20 

87 % 
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has also been observed in Western European 

hedgehogs and Northern European 

hedgehogs, between Erinaceus europaeus and 

Erinaceus roumanicus. The morphological 

study of one specimen classified it as 

Erinaceus roumanicus, but molecular analysis 

using a nuclear marker and a mitochondrial 

marker revealed that it was a hybrid species 

with nuclear DNA from E. roumanicus and 

mitochondrial DNA from E. europaeus, 

resulting from one or more crosses between 

the two (Bogdanov et al., 2009). 

Although the samples we studied come from 

different regions of Algeria, taking into 

account possible areas of hybridisation 

between the two species or areas of parapatry 

(Dennis et al., 2010), which correspond to 

semi-arid and arid regions (Djelfa, M'sila, 

Batna, Khenchela, Laghouat). Analysis of the 

phylogenetic tree, which shows the structure 

of the samples, reveals a hierarchical 

classification into two distinct groups. These 

groups would certainly correspond to the two 

species mentioned above, which leads us to 

suggest two propositions: 1) there would be 

an absence of hybrids between the two 

species 2) the sampling carried out is outside 

the hybridisation zone, which has yet to be 

located. 

Conclusion  

Molecular analysis has enabled us to clarify 

the genetic identity of the two hedgehog 

species found in Algeria and their position in 

the phylogenetic tree of the large family 

Erinaceidae. The presence of Atelerix algirusin 

desert areas that are, according to their 

nature, regions specific to Hemiechinus 

aethiopicus means that we need to launch 

further studies and review their geographical 

distribution by means of a more detailed 

phylogeographical study in order to propose a 

distribution model for better conservation of 

these protected insectivores in Algeria. 

Compliance with ethical standards 

Conflict of interest: The authors declare that 

they have no conflicts of interest. 

References  

Adams, J. R., Lucash, C., Schutte, L., Waits, L. 

P. (2007) - Locating hybrid individuals in the 

red wolf (Canis rufus) experimental population 

area using a spatially targeted sampling 

strategy and faecal DNA genotyping. 

Molecular Ecology, 16, 1823 - 1834. 

Allendorf, F. W., Leary, R. F., Spruell P., 

Wenburg J. K. (2001) - The problems with 

hybrids: setting conservation guidelines. 

Trends in Ecology and evolution, Vol. 16, Issue 

11, 613-622. 

Allendorf, F. W., Luikart, G. (2007) 

Conservation and the genetics of populations. 

London, 467-468. 

Arnold, M. L. (1997) - Natural hybridization 

and evolution. Information Systems Division, 

National Agricultural Library. 

Barton, N. H. (2001) - The role of hybridization 

in evolution. Molecular ecology. Vol. 10, Issue 

3, 551-568. 

Bogdanov, A. S., Bannikova, A. A., Pirusskii, Y. 

M., Formozov, N. A. (2009) - The First Genetic 

Evidence of Hybridization between West 

European and Northern White-breasted 

Hedgehogs (Erinaceus europaeus and E. 

roumanicus) in Moscow Region. Biology 

Bulletin, 36, 647-651. 

Bretagnoulle, V., Attie, C. (1989) - Variabilité 

morphologique dans une population de 

hérisson de l'Ouest de la France. Mammalia, 

53, 85-96. 

Bull, C. M. (1991) - Ecology of parapatric 

distributions. Annual Review of Ecology and 

Systematics, 22, 19-36. 

Cabria, M. T., Michaux, J. R., Gómez-Moliner, 

B. J., Skumatov, D., Maran, T., Fournier, P., 

Luzuriaga, J. L., Zardoya, R. (2011) - Bayesian 

analysis of hybridization and introgression 

between the endangered european mink 

(Mustela lutreola) and the polecat (Mustela 

putorius). Molecular ecology. Vol. 20, Issue 6, 

1176-1190. 

https://www.univ-soukahras.dz/en/revue/aivj
https://www.univ-soukahras.dz/en/revue/aivj


University of Souk-Ahras 

7 
Algerian International Veterinary journal (2026) 1:7-14 /https://www.univ-
soukahras.dz/en/revue/aivj 

Corbet, G. B. (1988) - The family of the 

Erinaceidae: A synthesis of its taxonomy, 

phylogeny, ecology and zoogeography. 

Mammalia, 18, 117-172. 

Dennis, A. B., Hellberg, M. E. (2010) - 

Ecological partitioning among parapatric 

cryptic species. Molecular Ecology, 19, 3206-

25. 

Dowling, T. E., Secor, C. L. (1997) - The Role of 

Hybridization and Introgression in the 

Diversification of Animals. Annual Review of 

Ecology and Systematics. Vol. 28, 593-619. 

Dubey, S., Salamin, N., Ohdachi, S. D., 

Barriere, P., Vogel, P. (2007) - Molecular 

phylogenetics of shrews (Mammalia: 

Soricidae) reveal timing of transcontinental 

colonizations. Mol. Phylogenet. Evol. 44, 126-

137. 

      Ermakov, A., Surin, V. L., Titov, S. V., 

Zborovsky, S. S., Formozov, N. A. (2006) -  A 

search for Y-chromosomal species-specific 

markers and their use for hybridization 

analysis in ground squirrels (Spermophilus: 

Rodentia, sciuridae). Animal Genetics Russian 

Journal of Genetics, Vol. 42, Issue 4,   429-438. 

Frost, D. R., Wozencraft, W. C., Hoffmann, R. 

S. (1991) - Phylogenetic Relationships of 

Hedgehogs and Gymnures (Mammalia: 

Insectivora: Erinaceidae). Smithsonian 

Contributions To Zoology, 518. 

Grant, P. R., Grant, B. R., Petren, K. (2005) 

Hybridization in the Recent Past. The 

American Naturalist. Vol. 166, N°1, 56-67. 

He, K., Chen, J.-H., Gould, G. C., Yamaguchi, N., 

AI, H.-S., Wang, Y.-X., Zhang, Y.-P., Jiang, X.-L. 

(2012) An Estimation of Erinaceidae 

Phylogeny: A Combined Analysis Approach. 

PloS ONE 7. 

Kowalski, K., Rzebik-Kowalska, B. (1991) - 

Mammals of Algeria. eds. Polish, Acad. Sci. 

Inst. Syst. and Evol. Mammal, 48-52. 

Krettek, A., Gullberg, A., Arnason, U. (1995) - 

Sequence analysis of the complete 

mitochondrial DNA molecule of the hedgehog, 

Erinaceus europaeus, and the phylogenetic 

position of the Lipotyphla. J. Mol. Evol. 41, 

952-957. 

Kumar, S., Dudley, J., NEI, M., Tamura, K. 

(2008) - MEGA: Abiologist-centric software for 

evolutionary analysis of DNA and protein 

sequences. Briefings in Bioinformatics 9, 299-

306. 

Kyle, C. J., Davison, A., Strobeck, C. (2003) - 

Genetic structure of European pine martens 

(Martes martes), and evidence for 

introgression with M. americana in England. 

Conservation Genetics, 4, 179-188. 

Largiadèr, C. R. (2007) - Hybridization and 

Introgression Between Native and Alien 

Species. Biological Invasions, Vol. 193 of the 

series Ecological Studies,  275-292. 

Leberre, M. (1990 ) - Mammiferes Faune du 

Sahara 2, 28-35.  

Liu, J., Yu, L., Arnold, M. L., Wu, H-U., Wu, S-F., 

Lu, X., Zhang, Y-P.(2011).-   Reticulate 

evolution: frequent introgressive hybridization 

among chinese hares (genus lepus) revealed 

by analyses of multiple mitochondrial and 

nuclear DNA loci. BMC Evolutionary Biology, 

11: 223.  

Lodé, T., Guiral, G., Peltier, D.(2005). -

European Mink-Polecat Hybridization Events:   

Hazards From Natural Process? Journal of 

Heredity. Vol. 96, Issue 2, 89-96. 

Madsen, O., Scally, M., Douady, C. J., Kao, D. 

J., Debry, R. W., Adkins, R., Amrine, H. M., 

Stanhope, M. J., De Jong, W. W., Springer, M. 

S. (2001). Parallel adaptive radiations intwo 

major clades of placental mammals. Nature 

409, 610-614.  

Mallet, J. (2005) - Hybridization as an invasion 

of the genome, trends in ecology and 

evolution. Vol. 20, Issue 5, 229-237. 

Melo-Ferreira, J., Boursot, P., Randi, E., 

Kryukov, A., Suchentrunk, F., Ferrand, N., 

alves, P. C. (2007) - The rise and fall of the 

mountain hare (Lepus timidus) during 

Pleistocene glaciations: expansion and retreat 

https://www.univ-soukahras.dz/en/revue/aivj
https://www.univ-soukahras.dz/en/revue/aivj


University of Souk-Ahras 

7 
Algerian International Veterinary journal (2026) 1:7-14 /https://www.univ-
soukahras.dz/en/revue/aivj 

with hybridization in the Iberian Peninsula. 

Molecular ecology, Vol. 16, Issue 3, 605-618. 

 Roos, C., Zinner, D., Kubatko, L. S., Schwarz, 

C., Yang, M., Meyer, D., Nash, S. D., Xing, J., 

Batzer, M. K., Brameier, M., Leendertz, F. H.,  

Ziegler T., Farajallah D. P., Nadler T., Walter L., 

Osterholz M. (2011) - Nuclear versus 

mitochondrial DNA: evidence for hybridization 

in colobine monkeys. BMC Evolutionary 

Biology, 11:77. 

Ropiquet, A., Hassanin, A. (2006) - Hybrid 

origin of the Pliocene ancestor of wild goat. 

Molecular Phylogenetics and Evolution, Vol. 

41, Issue 2,  395-404. 

Schwartz, M. K., Pilgrim, K. L., Mckelvey, K. S., 

Lindquist, E., Claar, J., Loch, S., Ruggiero, L. 

(2004) - Hybridization between Canada lynx 

and bobcats: genetic results and management 

implications. Conservation Genetics, 5, 349-

355. 

Seutln, G., White, B. N., Boag, P. T. (1991) 

Preservation of avian blood and tissue 

samples for DNA analyses. Zool, 69, 82-90. 

Spiridonova, L. N., Chelomina, G. N., Tsuda, K., 

Yonekawa, H., Starikov, V. P. (2006) -  Genetic 

evidence of extensive introgression of short-

tailed ground squirrel genes in a hybridization 

zone of Spermophilus major and S. 

erythrogenys, inferred from sequencing of the 

mtDNA cytochrome b gene. Animal Genetics 

Russian Journal of Genetics, Vol. 42, Issue 

7802 - 809. 

Tamura, K., Dudley, J., Nei, M., Kumar, S. 

(2007) - MEGA4: Molecular Evolutionary 

Genetics Analysis (MEGA) software version 

4.0. Molecular Biology and Evolution 24: 1596-

1599. 

Tamura, K., Stecher, G., Peterson, D., Filipski,, 

A., Kumar S. (2013).- MEGA6: molecular 

evolutionary genetics analysis version 6.0. 

Mol. Biol. Evol. 30 2725-2729. 

Trigo, T. C., Freitas, T. R. O., Kunzler, G., 

Cardoso, L., Silva, J. C. R., Johnson, W. E., 

O'brien, S. J., Bonatto, S. L., Eizirik, E. (2008) - 

Inter-species hybridization among Neotropical 

cats of the genus Leopardus, and evidence for 

an introgressive hybrid zone between L. 

geoffroyi and L. tigrinus in southern Brazil. 

Molecular Ecology, 17, 4317-4333. 

Tsvirka, M. V., Chelomina, G. N., Korablev, V. 

P. (2006) - Genetic evidence of hybridization 

between paletailed Spermophilus pallidicauda 

Satunin, 1903 and alashanic S. alaschanicus 

Büchner, 1888 ground squirrels in Mongolia. 

Animal Genetics Russian Journal of Genetics, 

Vol. 42, Issue 4, 421-428. 

Rhymer, J. M., Simberloff, D. (1996) - 

Extinction by Hybridization and Introgression. 

Annual Review of Ecology and Systematics. 

Vol. 27, 83-109.

 

https://www.univ-soukahras.dz/en/revue/aivj
https://www.univ-soukahras.dz/en/revue/aivj

