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ABSTRACT 

Genetic diversity and geographic distribution for 403 geo-referenced observations of ex situ 

medicinal plants collection data including 13 species, from twelve counties of Albania was 

investigated, using grids of 10 x 10 km cells to assess the number of observations per species 

and per district, the area of occupancy, the diversity indices and richness estimators. 

Geospatial analysis detects areas of high (alpha) diversity. Combination of study results for 

Simpson index, Dominance, Shannon-Weiner, Margalef, Brillouin, species richness and 

evenness, Equitability, Menhinick, Berger-Parker, and Fisher alpha diversity index show that 

areas of Tirana, Berat, Shkodra, Lezha, Vlora, and Kukesi counties were richer and more 

even than other areas. Cluster analysis on correlation matrix of diversity indices results shows 

presence of high similarities among Berat and Vlora counties, Tirana and Shkodra, Dibra and 

Lezha counties (similarity range from 64% to 80%). Presence of high species diversity in 

Tirana, Lezha, Berat, Shkodra, Vlora, and Kukesi counties suggests presence of a greater 

number species and more relative stable ecosystems, where more ecological niches are 

available, and environmental changes were less likely to be damaging to the ecosystem as a 

whole. 
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INTRODUCTION 

Medicinal plants and especially wild species provide an invaluable source of genes for the 

improvement of cultivated medicinal plants. Albania is one of the Balkan countries with high 

level of diversity for many cultivated and wild species including currently medicinal plants. 

Genetic resources of medicinal plants have a major contribution to the growth of agricultural 

products in all regions of Albania in these two last decades. Medicinal and aromatic plants 

are economically, socially and culturally important crops grown over a wide range of 

ecological habitats in the country, in wild habitats, in forest habitats, on the hills and 

mountains habitats [1, 18, 19, 20, 21]. There are 300 species of medical and aromatic plants, 

which represent about 10% of the Albanian flora [1], and they are considered as an important 

source of economic revenue; 182 of them are regarded as common. Twenty-two wild species 

of medicinal and aromatic plants are included in the Red Book of Albania [23].  
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Plant genetic resources (PGR) play a key role in contributing to the sustainable development 

of agriculture, helping to increase agricultural food productions. Today, the conservation of 

genetic resources is regarded as an important need for human society. The genebanks offer 

the main means to explore, collect, store, and protect genetic materials, providing the raw 

material for the improvement of crops. The number of gene banks has increased steadily 

since they were first established in the 1920’s. According to the second report on The State of 

the World’s Plant Genetic Resources for Food and Agriculture, there are now some 1,750 

gene banks worldwide, with about 130 of them each holding more than 10,000 accessions 

[5].  

As the number of accessions or crops and wild species included in gene banks increases, the 

goals for PGR are focused on the quality of collections. In this sense, assessment of 

geographic distribution and genetic diversity variation present in an ex situ collection is 

important for conservation of PGR and especially for the quality of ex situ collections. 

Geographic information systems (GIS) are useful tools for eco-geographical analysis [8, 9]. 

GIS studies using complex analyses visualize results of geographic distributions of 

biodiversity in clear maps, which are effective for management of a genebank [14, 16, 6]. 

GIS studies provide important information about the diversity present in specific geographic 

areas [16] and can be used to detect geographic distribution of a target species in ex situ 

collections and to identify collection priority sites [22, 9]. Since ex situ collections aim to 

cover the maximum amount of genetic variation and the entire range of environmental 

adaptation of the target species, nowadays ones of the objectives in collecting expeditions is 

frequently to know where to collect that means to know geographic distribution of a specific 

species and the amount of individuals per each species for a specific area.  

Diversity indices serve as valuable tools that enable researchers to quantify diversity in a 

community and describe its numerical structure, and because they provide more information 

than simply the number of species present (i.e., they account for some species being rare and 

others being common) [8, 10, 15], in the analysis of diversity of an area several diversity 

indices and richness estimators were used [6].  

Medicinal and aromatic plants are grown in all natural and suitable growing areas of 

medicinal plants in Albania, but genetic erosion is increasing in different areas. During the 

last two decades, not controlled medicinal harvesting has been rampant in many parts of 

Albania, especially in the poorer areas of the country. Uncontrolled medicinal harvesting 

occurs even inside the Protected Areas. Most of this harvesting was done to export medicinal 

raw products for medicinal industry. Lots of medicinal species have been most damaged by 

this activity because of their high quality and high selling price on the uncontrolled market. 

Ibraliu [13] reports harvesting techniques (uprooting) often exacerbate the threat to medicinal 

and aromatic plants by causing unnecessary damage, as in the cases of Salvia officinalis, 

Sideritis raeseri, Origanum vulgare (which are in endangered status), and Gentiana lutea 

which is critically endangered.  

Because the Albanian territory has highly heterogeneous environmental conditions, the aim 

of this study was to assess the geographic distribution of medicinal plants, to optimize and 

make more effective results of collecting missions, and to evaluate genetic diversity of ex situ 

medicinal plant collection, which involved the application of GIS tools [4]. 
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MATERIAL AND METHODS 

Geographic areas and presence data: The study for assessment of geographic distribution 

and genetic diversity of medicinal plants is realized using ex situ data of medicinal plants 

collection present in Albanian Gene Bank (AGB) database. It was conducted in all natural 

growing areas of medicinal plants including twelve counties of Albania: Berat (BR), Dibra 

(DI), Durres (DR), Elbasan (EL), Fier (FR), Gjirokaster (GJ), Korçe (KO), Kukes (KU), 

Lezhe (LE), Shkoder (SH), Tirana (TR) and Vlora (VL). Each taxon or medicinal species and 

population (the group of individuals) represents a georeferenced observation point. One 

georeferenced observation point supposes presence of a medicinal species. All georeferenced 

observations, chosen to carry out spatial analysis, were entered into the GIS analysis, as 

presence points [10]. Each presence point is spatially represented as point map using DIVA-

GIS [4, 10, 11, 12]. The geographic areas were separated into small grid square cells, and 

grid cells of 1 x 1 km, 5 x 5 km, 10 x 10 km were used to assess the geographic distribution, 

diversity indices, and richness estimators of medicinal species.  

Diversity distribution: The analysis focuses only on the study of diversity at the species levels 

(unit of alpha diversity). Magurran [15] define species diversity as consisting of two 

components: the number of species (Richness) and how equally abundant the species are 

(Evenness). Richness in species is a straightforward measure of diversity and is commonly 

used for prioritizing conservation areas of either plant communities – based on number and 

uniqueness of observed species [7]. The measurement of diversity and geographic 

distribution of medicinal species was realized analyzing the number of observations per 

species and per district, the area of occupancy, where the total area occupied by a specific 

species, was selected as an indicator of abundance or rarity of a particular species.  

Indices as species richness (S), dominance (D), Simpson index (1–D), Shannon-Weiner index 

(entropy) (H), Evenness (e^H/S), Brillouin index (B), Menhinick richness index, Margalef's 

richness index (DMG), Equitability (J), Fisher's alpha diversity index, and Berger-Parker 

dominance were the indices used to assess diversity and richness taking into account the 

respective proportions of each species in the study area. Cluster analysis method was used to 

measure distance or similarity between georeferenced data using species presence/absence 

and diversity indices in different areas (counties). Diversity indices and richness estimators 

were calculated and mapped using DIVA-GIS tools [4].  

 

RESULTS AND DISCUTION 

Collecting and quality data: During collecting data a large range of information was gathered 

and recorded for each medicinal species. In ex situ collection of medicinal plants stored in 

AGB data for 436 accessions considered as presence data were gathered. For data quality [2] 

including the accuracy and precision of geographic coordinates firstly georeferenced or 

presence data were checked for inconsistencies [2, 3]. Data points without coordinates were 

removed from ex situ medicinal data. Data points with incorrect coordinates on the 

administrative unit (county) were assigned coordinates where possible while duplicate or 

doubtful data were removed [3, 22]. All medicinal species were also screened carefully to 

resolve any scientific name conflicts [3]. The accessions not present physically as genetic 

material stored in genebank were also removed.     
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Figure 1.  Geographic distribution of thirteen 

medicinal species 

Geographic distribution: After checking the presence 

or absence of accessions the data included in the 

medicinal plants database with partial or complete 

information for a total of 436 presence points, in total 

only 403 presence points of wild populations for 

thirteen species of medicinal plants were compiled 

and used to evaluate the geographic distribution, and 

diversity of currently medicinal species observed in 

Albania (Figure 1).  

Diversity of medicinal species: Study results for 

diversity species distribution based on indices and 

richness estimators calculated (Table 1) show the 

existence of variability between observed 

areas/counties related to number of individuals 

(presence point) and kind of medicinal species 

present in that geographic areas. Diversity indices 

values and their comparisons proved the presence of this important variability in the study 

areas (grid cells) analyzed. Spatial analysis detects areas of high diversity (alpha diversity). 

Species richness (S) clearly shows the higher number of different species occurs in SH, TR, 

and BR areas. In these areas the number of species (S) observed was respectively 9, 8, and 8. 

At the second range with highest number of species there were KU and VL counties (S = 7), 

and EL, DI, FR and LE counties (S = 6 species). Less species richness occurs in DR and KO 

areas. Simpson index (1 - D > 0.70) which calculates the probability that two individuals 

randomly selected from a sample will belong to different species, shows presence of higher 

diversity in areas of TR, LE, SH, BR and VL counties. These results were also proved by 

index of dominance (D) where low values show higher diversity level for the respective area 

(Table 1).  

Shannon-Weiner index values (H > 1.50) show that areas of TR, BR, SH, LE, VL and KU 

counties were richer and more even than other areas. In these counties there were present the 

higher number of different species and the individuals distributed among species were more 

even (Table 1). In this study the Shannon index values ranges from 0.662 (DR areas) to 1.781 

(TR areas) showing in general low species richness and evenness [17].  
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Table 1. Diversity of medicinal species based on diversity indices and richness estimators. 

 

 
 

Margalef index values (DMG) > 1.50 show presence of higher species diversity in the areas of 

BR, SH, KU, VL, TR and LE counties. At the DI County (DMG > 1.50) there were also areas 

of high diversity level. The species evenness, as a measure of biodiversity that quantifies how 

equal the populations are numerically, show the high evenness and the less variation in 

populations between the species, occurs in DR, KO and LE county areas. Equitability (J), that 

measures the evenness, with which individuals are divided among the present species, show 

higher evenness result at DR, LE, KO, GJ, TR and BR county areas. Brillouin index values 

(B > 1.20) clearly shows that high species diversity occurs in SH, TR, BR, LE, and VL areas. 

Menhinick richness index, calculating the ratio of the number of taxa to the square root of 

sample size, shows that BR, KU, VL, and LE counties areas were with higher diversity level.  

Comparisons of diversity among observed areas:  

Cluster analysis method using group-average clustering of individuals and species numbers, 

diversity indices, and richness estimator’s show clearly the presence of similarity and 

distances among areas where medicinal species were present, and gave a useful hierarchy of 

clusters shown in two dendrograms (Figure 2). According to distances and similarities 

measures of individuals and species numbers cluster analysis range each observed area 

(county) in different cluster group. There were high similarities among BR and VL and GJ 

counties (similarity range from 64% to 80 %), and among EL and TR counties (64 %), and 

among DI and LE (63%) (Figure 2, Dendrogram on the left).  Cluster analysis based on 

diversity indices and species richness results generate a dendrogram where distinctness 

(distances / similarities) among counties is shown with more clear clusters, and similarity 

among each county is increased with 7% - 9%. Based on similarities among counties 

dendrogram classified these counties into three different cluster groups.  There were high 

similarities among VL, FR, KU, DI, BR, LE, EL, and GJ counties included into the first 

cluster group (similarity range from 73% to 87%). There were similarity among SH and TR 

counties (77%), and among DR and KO counties (80%) (Figure 2, Dendrogram on the right).  

     

Indices/Counties BR DI DR EL FR GJ KO KU LE SH TR VL

Taxa/species (S) 8 6 2 6 6 5 3 7 6 9 8 7

Individuals (n) 35 27 8 39 31 42 8 28 24 76 55 30

Dominance (D) 0.218 0.339 0.531 0.312 0.303 0.265 0.406 0.296 0.212 0.212 0.195 0.271

Simpson (1-D) 0.782 0.661 0.469 0.688 0.697 0.735 0.594 0.704 0.788 0.788 0.805 0.729

Shannon (H) 1.756 1.356 0.662 1.424 1.447 1.415 0.974 1.469 1.666 1.750 1.781 1.558

Evenness (e^H/S) 0.723 0.647 0.969 0.693 0.708 0.824 0.883 0.621 0.882 0.639 0.742 0.679

Brillouin (B) 1.486 1.122 0.503 1.234 1.224 1.261 0.704 1.211 1.377 1.588 1.585 1.301

Menhinick 1.352 1.155 0.707 0.961 1.078 0.772 1.061 1.323 1.225 1.032 1.079 1.278

Margalef (DMG) 1.969 1.517 0.481 1.365 1.456 1.070 0.962 1.801 1.573 1.847 1.747 1.764

Equitability (J) 0.844 0.757 0.954 0.795 0.808 0.880 0.887 0.755 0.930 0.796 0.857 0.801

Fisher_alpha 3.242 2.392 0.856 1.980 2.216 1.479 1.743 2.996 2.568 2.656 2.574 2.871

Berger-Parker 0.371 0.519 0.625 0.487 0.484 0.381 0.500 0.393 0.333 0.355 0.291 0.433
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Figure 2. Cluster dendrograms based on individuals and species number (left) and diversity 

and richness indices (right) 

 

Correlation analysis using similarity matrix and Spearman’s Rank correlation matrix data for 

individuals, species, diversity indices, and richness estimators (Table 2) show there were 

very strong correlations for diversity among BR and VL and GJ counties (coefficient of 

correlation r range from 0.83 to 0.92), and strong correlations among DI and KO, LE, SH and 

TR counties (coefficient of correlation r range from 0.69 to 0.87).   

Table 2. Relationships between Similarity and Spearmans Rank correlation matrix data 

 
 

In this study both the Brillouin and Shannon Indices tend to give similar comparative 

measures.  This information measure results to be used in favour of the Shannon index when 

the species differ in their capture rates. Margalef index values show high similarity with 

Shannon index values, and there is high similarity among species evenness and equitability 

estimator.  

Counties as LE, BR, SH, VL and KU show high species diversity, which suggests presence 

of a greater number of successful species and more relative stable ecosystems. In these 

counties more ecological niches are available. Second group (GJ, DI, KO, FR, and EL 

                                                        Similarity Matrix

BR DI DR EL FR GJ KO KU LE SH TR VL

BR * 48.39 23.26 35.14 39.39 64.94 18.60 22.22 61.02 48.65 62.22 80.00

DI 0.56 * 34.29 30.30 34.48 46.38 34.29 50.91 62.75 44.66 39.02 56.14

DR 0.43 0.62 * 8.51 15.38 20.00 0.00 0.00 43.75 11.90 25.40 31.58

EL 0.48 0.57 0.34 * 45.71 32.10 34.04 38.81 38.10 38.26 63.83 34.78

FR 0.39 0.31 0.40 0.50 * 38.36 20.51 27.12 40.00 20.56 37.21 45.90

GJ 0.88 0.55 0.57 0.52 0.39 * 8.00 25.71 39.39 44.07 45.36 75.00

KO 0.39 0.75 0.42 0.79 0.44 0.45 * 27.78 43.75 19.05 25.40 15.79

KU -0.24 0.24 0.11 0.12 -0.01 -0.09 0.54 * 34.62 51.92 36.14 24.14

LE 0.54 0.87 0.66 0.57 0.38 0.55 0.73 0.20 * 44.00 55.70 55.56

SH 0.26 0.69 0.41 0.41 -0.11 0.32 0.66 0.53 0.74 * 58.02 41.51

TR 0.35 0.78 0.66 0.66 0.40 0.40 0.64 0.03 0.81 0.48 * 54.12

VL 0.83 0.55 0.60 0.55 0.56 0.92 0.37 -0.33 0.54 0.12 0.44 *

Comparisons
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counties) show more less species diversity, which suggests relatively few successful species 

presence in these habitats, the environment is more stressful with relatively few ecological 

niches available. Possible hostile human activities as uncontrolled medicinal harvesting 

(uprooting techniques) in the future could probably have quite serious effects on species 

diversity, on the loss of ‘biological health’ level and on biodiversity indices results. 

 

COCLUSION 

o Spatial analysis detecting the areas of high (alpha) diversity were observed in SH, TR, 

and BR counties. Second highest numbers of species were found in KU and VL 

counties.  

o Simpson, Shannon-Weiner, and Margalef indices show that areas of TR, BR, SH, LE, 

VL, and KU counties were richer and more even than other areas. Brillouin index tend 

to give similar comparative measures as Shannon-Weiner index.  

o Cluster analysis based on individuals and species numbers shows high similarities 

among BR and VL, TR and EL, DI and LE (similarity range from 63% to 80 %). 

Cluster analysis based on diversity indices results shows less differences (or high 

similarities) among VL, FR, KU, DI, BR, LE, EL, and GJ counties included all into a 

cluster group (similarity range from 73% to 87%). 

o Comparisons of diversity indices using cluster analysis method divide diversity 

indices in two groups. Evenness, Equitability, Dominance, Berger-Parker, and 

Simpson (1-D) tend to give similar comparative measures and were included into the 

first cluster group. Shannon, Margalef, Menhinick and Brillouin indices with similar 

comparative measures were included into the second cluster group. 
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