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INTRODUCTION 
For thousands of years donkeys have inhabited the Mediterranean part of Croatia due to their 
adaptability to scarce and savage conditions. The first written traces about donkeys on the 
territory of Croatia can be found in the statutes of the mediaeval seaside towns from 13th 
century. During last decades, the population of donkey fell from 40 000 (Babić, 1939) to seven 
or eight thousands (Ivanković et al., 2000). The reason for this trend is the introduction of 
mechanization into the agriculture and deagrarization of a village. In some areas, due to 
characteristics of the terrain, a donkey has been preserved until today in works on areas 
difficult to reach, due to which this population is not critically endangered. In the seaside areas 
that are significantly tourist oriented, the number of donkeys has been reduced to few 
hundreds. 
In the middle of the last decade, having seen that donkey population in Croatia has been 
endangered, the project “Phenotypic and genetic characteristics of donkeys in Croatia” 
stimulated the scientific and public interest for their protection. According to the results of the 
research of phenotype features (Ivanković et al., 2000) the total population has preliminary 
been divided into three subpopulations (Littoral Dinaric, North Adriatic and Istrian Donkey). 
The justification of this division has been confirmed by typing polymorph blood proteins 
(Ivanković and Caput, 2000), microsatellite loci and the analysis of mtDNA sequences 
(Ivanković, 2001). Although the total population of donkeys is more than thousand heads, 
some populations have not been equally represented. North Adriatic (Ne=36) and Istrian 
donkey (Ne=26) have been critically endangered, while the population of Littoral Dinaric 
donkey is stable. 
 
MATERIALS AND METHODS 
The research included the donkey population in Croatia. Previous researches have been joined 
so that previous partial ideas based on phenotype, polymorph proteins, microsatellite loci or 
sequences of mitochondrion DNA (mtDNA) can be used for phylogenetic determination of 
subpopulations. The justification of division of the total population into three subpopulations 
has been confirmed, as well as the possibility of their preservation as separate unities. 
According to body parameters of related donkey populations a dendrogram has been created. 
Data on polymorphic protein variants transferrin (Tf), albumin (Alb) and haemoglobin (Hb) 
were used for calculating genetic distances. Typing eight microsatellite loci (HMS 1, HMS 8, 
LEX 024, AHT 21, MPZ002, NVHEQ 18, UCDEQ502 and UCDEQ505) has been used for the 
construction of the associated dendrogram. Sequences of D-loop region of mtDNA were used 
to clarify the donkey phylogenesis in Croatia. 
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Statistical package Cervus (Marshall et al., 1998), Fstat (Goudet, 2001) and Phylip 
(Felsenstein, 1993) were used in data processing. Nei’s genetic distances (1987) between 
populations were calculated and used to construct a phylogenetic tree.  
 
RESULTS AND DISCUSSION 
The research of morphological features of donkeys has shown a significant difference within 
the whole population regarding body measures, their relations and outer attributive features. 
Basic body measures (wither height, chest circumference, tibia circumference) have 
significantly been smaller in Littoral Dinaric (96.93; 112.75; 12.82) in relation to the North 
Adriatic (115.28; 131.80; 14.85) and Istrian type (124.07; 144.01; 16.30) (Ivanković et al., 
2000). Using data on body measures of some European breeds of donkeys the dendrogram was 
created (Figure 1). Populations from Croatia do not belong to groups of donkey of bigger body 
frame (Martina Franca, Baudet du Poitou, Ragusan, Asino dell’Amiata), but to breeds of 
middle (Asno de las Encartaciones, Asino Sardo, Istrian and North Adriatic type) and small 
(Littoral Dinaric type) frame. 
 

Figure 1. Dendrogram based on morphological traits, between donkey populations 
 
Occasional improvement of the autochthonous population by the Italian breed Martina Franca 
(Babić, 1939) in Istria and North Adriatic has not resulted in the expected increase of body 
frame, although traces are noticeable (black colour, head shape, square body form).  
Frequencies of allele variants Tf, Alb and Hb represent first information on the genetic 
constitution of researched donkey populations. Results have shown the genetic relation 
between the North Adriatic and the Istrian donkey, while the Littoral Dinaric donkey is quite 
distant (Ivanković and Caput, 2000).  

Figure 2. UPGMA dendrogram based on polymorphic blood proteins 
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Such results due to geographical distance and written traces of their development have been 
expected. 
Typing of eight microsatellite loci confirmed previously determined relations, based on 
research of polymorph proteins. Genetic closeness of populations of North Adriatic and Istrian 
donkey has been confirmed. The dendrogram created according to typing microsattelite loci 
has been shown in Figure 3. 

Figure 3. UPGMA dendrogram based on microsatelittes, between donkeys in Croatia 
 
Determined degree of heterozygosity of microsatellite loci (0.638) has been significantly 
higher than in polymorphic proteins (0.323), so their informative value (PIC) was much higher 
(0.684). The expected mean heterozygosity (0.734) was slightly higher than in the comparable 
study on Catalonian donkey population (0.712) (Jordana et al., 2001) and higher than in Baudet 
du Poitou donkey population (0.623) (Bellone et al., 1998) and Spanish donkey (0.637 - 0.684) 
(Aranguren-Mendez et al., 2001). 
Typing the sequence (391 bp) of the hipervariable part of D-loop region of mitochondrion 
DNA (mtDNA) three haplotypes have been determined (Y, W, Ws) (Ivanković, 2001). 
Haplotypes have not been strictly separated according to subpopulations. In Littoral Dinaric 
donkey all haplotypes have been noticed, in North Adriatic W and Y, and in Istrian donkey 
only Y haplotype. Phylogenetic haplotypes W i Ws are much closer, but haplotype Y, is close 
to a sequence of the English donkey (GenBank AccNo. X97337), which according to its 
exterior belongs to a group of donkeys of a bigger frame. 

Figure 4. Neighbor joining tree showing relations among three donkey mtDNA 
haplotypes (W, Ws and Y) and E. asinus (GenBank AccNo. X97337) 
 
Taking into account that nucleotide exchange rate within the D-loop region of Equidae was 
estimated to be 2-4.10-8 (Ishida et al., 1995), the differentiation of W and Ws haplotypes from 
Y haplotype occurred some 1.05 to 2.11 MY ago.  
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CONCLUSION 
Results of the analysis of phenotype features, of polymorph blood proteins, microsatellite loci 
and mtDNA clearly indicate the justification of division of the total donkey population into 
three subpopulations. The degree of difference of noticed mtDNA haplotypes indicates their 
significant phylogenetic distance. Regarding their phylogenetic relation, geographical distance 
and small effective size of populations of the North Adriatic and Istrian donkey and for their 
efficient preservation, they have to be protected and developed as a unique population. 
Although the population of the Littoral Dinaric donkey has not been critically endangered, it 
has to be constantly supervised within the adequate programme of protection. 
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