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Abstract 
Resource sustainability requires a thorough understanding of the influence of 

forest management programs on the conservation of genetic diversity in tree 
populations. To observe how differences in forest management affect the genetic 
structure of Fagus orientalis Lipsky (oriental beech), we evaluated thirteen beech 
sites across Hyrcanian forests, based on six microsatellite loci. Significant 
differences between managed (mostly shelter wood system) and unmanaged 
populations was revealed. Inbreeding coefficient in managed populations was 
higher than unmanaged populations. A low, but significant, differentiation among 
all populations was found which reveals a clear geographic structure. Although 
the results indicate that the shelter wood system has minimum impact on the 
genetic  diversity  on  a  short  term in  oriental  beech,  but  definitely  inbreeding  can  
increase in beech populations under intense management for long periods of time. 
According to these results, 4 populations from different part of Hyrcanian forests 
are suggested as potential in situ conservation sites. 
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1 The watershed of the Elborz on the Caspian coast is characterized by mesophilous forest vegetation, originating from the Tertiary, 
therefore being very ancient. Beech in this zone survived intense climate and geological changes during the Quaternary because the 
populations lived in this area not reached by ice periods; only they have been influenced indirectly from glacial. From the point of 
view of its floristic composition, the beech belt is linked with European forests. This level particularly has some affinities with the 
beech forests of Balkans. The lower levels, on the contrary, are much more specific and include subtropical elements. 

Introduction 
Fagus orientalis Lipsky (oriental beech) is a 

widespread monoecious and wind-pollinated tree 

species. The Iranian beech forests as part of the 
Hyrcanian forests are located on the northern slopes of 
Elborz Mountains1, within an altitude of about 600-2000 
m above sea level. They have formed a forest strip with 
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700 km length that is located in 3 provinces of Guilan, 
Mazandaran and Golestan. Pure and mixed beech (F. 
orientalis) forests are the most important elements of 
this ecosystem, making up the richest and the most 
beautiful forests of Iran. Beech forests represent about 
18 % of Hyrcanian forests surface and form about 30 % 
of forest trees volume in Iran. Therefore, from the 
economic point of view, beech forests are the most 
valuable populations in Caspian zone and allocate the 
most rate of timber production in Iran. Hyrcanian 
commercial forests in Iran were nationalized in 1963. 
Since then, the area has declined significantly from 3.4 
to less than 1.3 million ha in 1998. Beech forests in Iran 
are considered as even-aged forests and managed 
mostly by shelter wood silvicultural system.1 Most of 
the beech dominated forests suffer from human 
interference and are continuously decreasing in area. 
Unsuitable harvesting methods during last 45 years and 
lack of forest protection are the two main technical 
reasons  for  failure  of  the  shelterwood  system  in  these  
forests [18]. 

A fundamental requirement for improved forest 
management is an understanding of the dynamics of 
genetic variation within and among tree populations. 
The gene pools of natural populations are not static, but 
constantly changing through the interactions of site 
characteristics (e.g., density, age structure, and dispersal 
distance) with the forces of evolution (mutation, mating 
system, gene flow, genetic drift, and natural selection). 
Forest management practices can alter these interactions 
and hence alter the partitioning of genetic variation 
within populations. Therefore, characterization of the 
changes in genetic diversity that result from forest 
management is essential for sustaining forest resources 
[28]. While easily measured phenotypes such as stem 
form, crown mass, and diameter growth are often used 
to evaluate the successful management of the quality of 
crop trees, effects at the genetic level have largely been 
ignored and are rarely incorporated into forest 
management programs [10]. 

Knowledge of genetic variation in the species is 
necessary if genetically well-adapted seed sources of 
Hyrcanian oriental beech are to be identified and used to 
establish populations. This type of information is also 
required to make sound decisions on how to protect the 
genetic diversity of the species and ensure sustainable 
forest management [20, 26, 31]. The conservation and  
 
1Even-aged silvicultural system in which a new stand is 
established under the protection of a partial canopy of trees. 
The mature stand is generally removed in a series of two or 
more cuts, the last of which is when the new even-aged stand 
is well developed. 

protection of this tree species is most promising in situ, 
within the frame of forestry management, with the aim 
of combining gene conservation efforts and the 
production of high quality timber. 

A new type of in situ gene conservation programs is 
developing the Gene Management Unit (GMU) concept, 
allowing evolutionary processes to take place in 
populations of plant and animal species while protecting 
genetic resources of important tree species as well as 
wild relatives of species. The selection of the GMU sites 
should be based on some knowledge of past and present 
human influence, mating conditions, and the size of 
minimum viable population; and of adaptively 
homogenous areas. Selected locations for GMU should 
adequately represent the spatial genetic and ecological 
variation pattern of the species, but the consideration of 
adaptive variation pattern should have priority. 
Knowledge of within-species genetic patterns arising 
from within-species gene flow and genetic adaptation is 
therefore essential for the decision on in situ gene 
conservation units [30]. 

Information on crucial life-history characteristics of 
forest tree species (e.g. mating system, pollen and seed 
dispersal) and their patterns of genetic variation is still 
lacking. In this context, the application of molecular 
genetic techniques to the conservation of forest tree 
species is anticipated to bring valuable data that could 
be used to extract relevant biological information, to 
document hotspots of genetic diversity, and to infer 
their phylogeography [36]. Salehi Shanjani et al. [39] 
used isozymes to study genetic diversity and 
differentiation beech populations in Hyrcanian forests. 
Like in European beech and many other trees species 
[3-7,13,15,16,22,27,29,32,33] high levels of diversity at 
isozyme loci and typically low population 
differentiation were observed.  The lack of sufficient 
isozyme polymorphism among different populations 
limited their use. Molecular methods, at the DNA level, 
are now increasingly being used to study genetic 
diversity. One of the most reliable molecular marker 
systems is mircrosatellites, or simple sequence repeats 
(SSRs) which are abundant and well distributed 
throughout the nuclear genomes of eukaryotes. These 
are mostly present in non-coding DNA, which can 
accumulate mutations more rapidly than the coding 
DNA. SSRs can be used effectively to determine the 
magnitude and pattern of genetic variation in forest tree 
populations due to their high levels of polymorphism, 
high degree of reliability and reproducibility, and co-
dominant mode of inheritance, and be a useful tool for 
quick decision making process in conservation of 
genetic resources in situ [45].  

To reduce the cost and increase the efficiency of in 
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Table 1. Site characteristics of the studied beech populations 

Region Population code Altitude (m) No. tree/Ha Beech (%) Canopy (%) Manipulation level 
Gorgan G-1900 1900 182 96 95 Unmanaged 

 G-1400 1400 107 48 90 H-managed* 
 G-600 600 103 32 90 H-managed* 

Neka N-1400 1400 60 60 80 Unmanaged 
 N-900 900 72 72 90 H-managed* 

Sangdeh S-1900 1900 115 95 95 Unmanaged 
 S-1400 1400 52 71 70 H-managed* 
 S-900 900 82 67 65 H-managed* 

Kheirud-kenar K-1200 1200 101 76 90 L-managed** 
 K-600 600 114 74 90 L-managed 

Clardasht C-1300 1300 88 70 90 Unmanaged 
Asalem A-1200 1200 180 42 90 H-managed* 

 A-600 600 119 37 70 H-managed* 

*: High management density, under shelterwood system 
**: limited management, by improvement or release cutting 

 
 

Table 2. Characteristics of the 6 polymorphic nuclear microsatellite markers used to analyse genetic diversity in the Iranian beech 
populations 

Microsatellite locus Repeat Observed allele size range (bp) Observed number of alleles Annealing temp. (°C) 
FS1-15 (GA)26 69-131 26 60 

     
FS1-03 (GA)18 68-120 18 60 

     
FS1-11 (GA)15 92-126 17 63 

     
FS3-04 (GCT)5(GTT)3(GCT)6 192-207 6 60 

     
FS4-46 (TGA)23 170-311 41 60 

     
FCM5 (AG)10 260-346 36 60 

 
 

situ conservation  sites  in  Hyrcanian  forests,  a  few  
oriental beech populations covering a large part of the 
distribution range of F. orientalis in North of Iran were 
selected. This study aimed mainly to assess the general 
pattern of genetic variability of Hyrcanian beech forests 
at tree different geographical scales (among individuals 
within populations, among populations within natural 
regions, and between the regions). The implications of 
the results of this study for in situ conservation of 
genetic resources of Hyrcanian beech forests as Gene 
Management Units are also discussed. Additionally, the 
data were used for describing the impact of forest 
management on genetic diversity in oriental beech. 

Materials and Methods 
Six regions covering a large part of the distribution 

range of Fagus orientalis were chosen in North of Iran: 
Asalem, Clardasht, Kheirud-Kenar, Sangdeh, Neka and 
Grogan (from the most west to the most east of beech 
distribution range) (Fig. 1). Each region consists of 1-3 
sites in the lowest, middle and highest altitude of beech 
distribution range. The sites have a distinct difference in 
forest management history and intensity (Table 1). 
Dormant buds were sampled from adult trees (DBH > 
30 cm). The sampled trees were randomly chosen and 
separated by at least 30 m. 
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DNA  from  bud  material  was  extracted  using  a  
DNeasy Plant mini Kit (Qiagen). All trees were 
genotyped using six primer pairs of microsatellite loci 
(FS1-15, FS1-03, FS1-11, FS3-04, FS4-46 and FCM5) 
described in Pastorelli et al. [37]. All six SSR primers 
were approved to be of mendelian inheritance among 
crosses of F. sylvatica [37] and mapped to different 
linkage groups [41]. PCR process was performed 
following Pastorelli et al. [37]. PCR products were 
electrophoresed and visualized using an Amersham 
ALF Express automatic sequencer. 

Data Analysis 

Data of all individuals were scored as a co-dominant 
marker and the following statistics of genetic variation 
within populations were computed as averages over loci 
using the GENAlEX 6 software [38]: mean number of 
alleles per locus (Na), effective number of alleles (Ne), 
number of rare alleles (Nr), the observed heterozygosity 
(Ho), expected heterozygosity (He) computed according 
to Nei’s 1978 coefficient [35]. An estimator of Wright's 
Fst was calculated to assess population differentiation. 
Gene flow rate was estimated indirectly from the 
proportion of the total diversity found among 
populations (Fst, 47, 48). Wright’s fixation index (Fis), 
averaged over all loci, was calculated and deviation 
from Hardy-Weinberg expectations were determined 
using GENEPOP 3.3. A paired t-test was performed to 
test for differences between the genetic diversity 
estimates in the populations with different management 
levels. Genetic distances were estimated according to 
Nei’s 1978 coffeicient [35] and Neighbor-Joining (NJ) 
analysis were performed [14]. The NJ dendrogram was 
constructed with the MEGA 4 software [44]. To 
examine the relationship between the genetic distance 
and the geographic distance a Mantel test on the matrix 
of  Fst  values  and  that  of  the  geographic  distances  was  
performed (1000 permutations) using GENEPOP 3.3. 
The results of the analysis were visualized by plotting 
the Fst values against the distances. A simulated 
annealing procedure implemented in the SAMOVA 
algorithm [8] was used to define groups of populations 
that are geographically homogeneous and maximally 
differentiated from each other. The program iteratively 
seeks the composition of a user-defined number K of 
groups of geographically adjacent populations that 
maximizes FCT, the proportion of total genetic variance 
due to differences among groups of populations. The 
program was run for 10000 iterations for Ke {2, . . ., 8} 
from each of 500 random initial conditions. For each K, 
the  configuration  with  the  largest  FCT values  after  the  
500 independent simulated annealing processes was 

retained as the best grouping of populations. 

Results 

Genetic Diversity 

A total  of  144 alleles  were  detected  ranging from 6  
to 41 alleles, with an average of 24 alleles per locus 
(Table 2). The oriental beech forests in Hyrcanian zone 
are genetically diverse. All six microsatellite loci 
analyzed in this study were highly polymorphic, 
displaying a high number of alleles and a wide range of 
PCR products. Heterogeneity (p<0.01) in allele 
frequencies among the populations detected at all loci. 
Table 3 describes the polymorphism of studied samples. 
Most loci in all regions showed significant deviations 
from expected Hardy-Weinberg frequencies. In most 
populations there were more homozygous genotypes 
than expected. Two exceptional populations N-1400 and 
S-1900, both unmanaged, showed more heterozygosity 
than the amount expected (Table 3). Mean number of 
alleles per locus varied between 7.67 in G-1900 
population to 11.67 in S-1900 and S-900 populations. 
Across all the loci examined 20 specific alleles (which 
occurred at low frequencies) were observed, distributed 
in 11 out of 13 populations. The overall allelic richness 
for Gorgan region was considerably lowest than others. 
Due to different manipulation levels, significant 
difference in average number of alleles per locus 
appeared within regions. There is no clear trend for 
differences in the diversity measures between the 
managed and unmanaged populations within a region, 
even between different altitudes (Table 3). Differences 
in heterozygosity within a region were considerable and 
significant. Observed heterozygosity was the highest 
(0.72) in N-1400 (unmanaged) and the lowest (0.48) in 
A-600 (managed under shelterwood system) 
populations. The expected heterozygosites ranged 
between 0.58 (in G-1400, managed population) and 0.72 
(in C-1300, unmanaged, and K-1200, limited-managed 
populations). Mean heterozygoshty for all populations 
was 0.61 observed and 0.67 for expected. The observed 
heterozygosity was slightly lower than the expected 
heterozygosity (He), causing a low but significantly 
positive, mean inbreeding coefficient (Fis=0.061). The 
mean Fis was low, indicating that within population 
structure (inbreeding) was not significant. However 
some loci showed high values of Fis, indicating 
deficiency or excess of heterozygotes. Effective number 
of alleles, ne, ranged between 3.29 (in G-1400, managed 
population) and 5.92 -5.43 (in C-1300 an unmanaged 
population, and K-1200 a limited-managed population, 
respectively). A pair-wise t-test for all regions did not 
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showed significant differences between the populations 
with different management levels.  

Genetic Differentiation 

The overall Fst was low (0.058), but differed 
significantly from zero (P<0.001), meaning that 5.8% of  
 

 
Table 3. Genetic variability at six microsatellite loci in 13 
beech populations. sample size (N), mean number of alleles 
per locus (Na); effective number of alleles (Ne); observed 
(Ho) and expected (He) heterozygosities and fixation index 
(Fis) 

Population N Na Ne Nr Ho He Fis 
G-1900 35 7.67 3.47 1 0.55 0.62 0.063 
G-1400 64 8.50 3.29 0 0.57 0.58 -0.035 
G-600 51 9.83 4.43 1 0.67 0.69 -0.006 
Overall  8.67 3.73  0.60 0.63 0.007 
N-1400 50 11.33 4.61 1 0.72 0.68 -0.077 
N-900 49 10.50 4.36 1 0.61 0.67 0.043 
Overall  10.91 4.49  0.67 0.68 -0.017 
S-1900 37 11.67 4.65 1 0.67 0.64 -0.028 
S-1400 44 10.83 4.67 2 0.59 0.66 0.059 
S-900 53 11.67 5.02 1 0.59 0.70 0.164 

Overall  11.39 4.78  0.62 0.68 0.065 
K-1200 50 11.33 5.92 3 0.66 0.72 0.047 
K-600 39 10.33 3.57 4 0.58 0.66 0.113 
Overall  10.83 4.75  0.62 0.69 0.08 
C-1300 23 11.00 5.43 3 0.57 0.72 0.225 
A-1200 50 11.33 4.75 2 0.59 0.65 0.028 
A-600 40 9.00 4.26 0 0.48 0.65 0.204 
Overall  10.17 4.51  0.54 0.65 0.116 
Overall  10.42 4.49  0.61 0.67 0.056 

 
 

Table 4. F-statistics and gene flow values among beech 
populations using six microsatelites 

Reigon N Fis Fit Fst Nm 
1) Among all 
populations 

13 0.060 0.115 0.058 4.060 

2) Pair-wise per 
region 

     

   Gorgan 3 0.006 0.048 0.041 5.840 
   Neka 2 -0.016 -0.001 0.015 16.540 
   Sangdeh 3 0.062 0.080 0.018 13.522 
   Kheirud-kenar 2 0.082 0.103 0.025 9.764 
   Asalem 2 0.117 0.124 0.010 24.468 

total variation were among populations (Table 2). Also 
pair-wise comparisons of the populations within a 
region revealed very low Fst-values (P<0.001). The 
Asalem populations showed the lowest differentiation 
(Fst = 0.10) while the Gorgan populations were most 
divergent (Fst = 0.041) (Table 4). 

For the description of the differentiation pattern, the 
genetic distances between populations were calculated 
using Nei´s unbiased estimator. The NJ phenogram was 
constructed using Nei's genetic distance (Fig. 2). The NJ 
tree had long terminal branches, which suggested that 
the populations were well differentiated, and that the 
relationships among the regions were well resolved. The 
branching order and the grouping of populations 
(clades) were consistent and supported the phenetic 
analysis. In clusteing analysis, two main branches were 
observed. The first main branch covered the regions 
Asalem, Clardasht and one population of Kheirud-
kenar. The second main branch covered the regions 
Gorgan, Neka, Sangdeh and one population of Kheirud-
Kenar. Gorgan-1900 population was the most 
genetically distant from all other populations and is 
significantly differentiated. 

The genetic divergence between the 13 populations 
is a function of the geographic distance. A positive and 
significant correlation coefficient was calculated 
between the pair-wise Fst values and the geographic 
distances (R2 = 0.52, P = 0.0003, Mantel test). 

SAMOVA results also revealed a clear geographic 
pattern of the diversity among the analysed populations. 
Fct values increased progressively as K was increased, 
reaching  a  plateau  (Fct  =  10%)  at  k  ≈ 4,  with  the  
Asalem and Clardasht and G-1900 populations sig-
nificantly separated from the other populations (Fig. 3). 

Discussion 

Inbreeding 

Observed heterozygosity values were lower than the 
amounts expected heterozygosity in eleven of the 
thirteen sampled populations. In the other word, most 
oriental beech populations showed a tendency towards a 
heterozygote deficit, which is in concordance with 
results reported using isozymes in same populations of 
Hyrcanian forests (average Fis = 0.047, 39). Buiteveld 
et al. [2] in European beech using microsatelites also 
fond positive values of the inbreeding coefficient 
(average Fis = 0.224), indicating significant 
heterozygote deficiencies. Other studies in beech using 
isozymes generally also showed a tendency towards a 
heterozygote deficit (average Fis = 0.065, 5; Fis = 
0.115, 6; average Fis = 0.117, 27; Fis = 0.037–0.041, 
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24). Also other wind-pollinated, broad-leaved tree 
species, including other Fagus species showed 
heterozygote deficiencies such as F. crenata (average 
Fis = 0.095, 1), Fraxinus excelsior (significant Fis = 
0.014; 17, Fis = 0.292; 34), oak (Fis = 0.07; 42). Most  
 
 

 

Figure 1. Distribution of studied regions. 
 
 

 

Figure 2. Dendrogram of different populations produced by 
the neighbour-joining clustering method. 

 
 

 

Figure 3. Group structure of the 13 beech populations defined 
by SAMOVA (samples with the same patterns  

belong to the same group). 

authors explain positive inbreeding coefficients in beech 
as a result of a non-random microspatial structure 
probably due to mating in close neighborhood [5, 7, 32, 
46].  Also  more  recently,  Vornam  et  al.  [45],  who  
studied the spatial distribution of genetic diversity in a 
naturally regenerated beech population with 
microsatellites detected high Fis values and found a 
strong family structure up to 30 m. 

In most cases, Fis values were highest in intensively 
managed populations within a region, suggesting that 
human interference or management increase inbreeding 
levels. This is because, for wind-pollinated species, a 
low density population of mature trees is expected to 
increase the spatial genetic structure of the population 
by increasing the probability of pollination by spatially 
proximal relatives [11]. Likewise, inbreeding should be 
limited in a high density forest because the pollen cloud 
for  a  tree  in  a  dense  population  would  contain  a  
relatively small proportion of its own pollen; therefore, 
most seeds would be a product of outcrossing [9, 12, 
21]. Clearly, inbreeding can increase in oriental beech 
populations under intense management for long periods 
of time. 

Genetic Differentiation between Beech Populations 

Microsatellites showed that most of the genetic 
diversity was attributed within the populations and that 
there was little, but significant differentiation between 
the populations (Fst = 0.058). This pattern of variation 
is thought to be the consequence of the dominant life 
history characteristics of forest trees, i.e. long life span, 
allogamy, wind-pollination, their continuous distri-
bution and monoecy, and also may be with a high rate 
of gene flow (15). This low differentiation is in 
concordance with Fst values reported with isozymes in 
Hyrcanian beech forests (Fst = 0.034, 39), and with 
SSRs (Fst = 0.058, 2) and isozymes (Fst = 0.03–0.07, 
3), which have been performed with many European 
beech populations over a wide range of the species 
distribution. Moreover, despite the low genetic 
differentiation among the populations, a clear 
geographical pattern was observed. 

Cluster analysis (dendrogram) based on Nei’s 1978 
genetic distance also showed that all populations were 
separated according to their location in eastern or 
western part of Hyrcanian forests. Considerable amount 
of gene flow between the populations of each cluster 
probably occurs considering the topography of the area, 
prevailing wind direction and physical distance between 
these populations. In the first cluster the G-1900 
population was the most distantly clustered one 
compared to other populations of eastern part. These 

 Sangdeh-1900
 Sangdeh-1400
 Gorgan-600
 Neka-1400
 Kheirud-600
 Neka-900
 Sangdeh-900
 Gorgan-1400
 Gorgan-1900
 Kheirud-1200
 Clardasht-1300
 Asalem-1200
 Asalem-600
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findings are not surprising since G-1900 population 
occurs in extreme habitats (e.g., high elevation, shallow 
soil), at the eastern edge of the species range in 
Hyrcanian forests. On the other hand, S-900 and N-900, 
which are in the same cluster, suffered from sever 
management practices. The only exception is K-600, 
which we expected to group in the second cluster close 
to K-1200. In second cluster, K-1200 was clearly 
separated from the other three populations. A-600 and 
A-1200 were the most closely related ones. 

The SAMOVA analysis showed that the eastern 
populations are more similar to each other and are 
distinct from the central and western populations. This 
division is most obviously a result from historical 
migration of the species in Hyrcainan forests, which is 
from West to East [40].  

Effect of Forest Management on Beech Populations 

In this study, the potential effects of forest 
management on beech populations were examined. 
Natural beech populations were used as a reference for 
comparison of genetic diversity in populations which 
undergone a forest management treatment. The pair-
wise comparison revealed no differences in genetic 
diversity measures among the populations with different 
management history and therefore it can be concluded 
that the management practiced in these populations did 
not influence the level of genetic diversity at the genetic 
markers used. Other studies in European beech aimed at 
studying the effect of management on the genetic 
diversity did not find also an effect ([2], suggesting the 
shelterwood system has no or minimum impact on 
genetic diversity in European beech. Furthermore, they 
observed Linkage disequilibrium for some loci pairs in 
their study, but no more in the managed populations 
than in the limited populations within a region.  
Hussendörfer and Konnert [19] compared isozyme data 
of 112 managed and 13 natural, unmanaged beech 
forests located in South Germany, but did not find 
significant differences in genetic diversity parameters. 
Two other studies focused on the effect of forest 
management, such as thinning [25] and diameter 
oriented selection felling [22] on the diversity: also in 
these cases no biological significant differences were 
detected. On the other hand, a study in a related beech 
species (F. crenata Blume) showed that forest cutting 
decreased the genetic variability and increased the 
genetic clustering in the population [43]. Furthermore, 
they observed significant linkage disequilibrium in the 
population with a cutting history, but none in the 
primary population. The effects of forest cutting were 
explained by the limited number of reproductive trees 

that were left after cutting and consequently reduced 
mixing of the progenies.  

Finally, it can be concluded from our results that the 
shelter wood system is adequate to avoid changes of the 
genetic composition on a short-term in oriental beech. It 
is likely that this type of management has minimum 
impact on the diversity in beech, at least for the genetic 
markers used, because the management mimics natural 
regeneration processes. However our results clearly 
showed that inbreeding can increase in oriental beech 
populations under intense management for long periods 
of time. Only with an increased understanding of the 
changes that occur as a result of forest management will 
it be possible to conserve genetic diversity in tree 
populations - a crucial step for sustainable resource 
management. 

Geographic Diversity and in Situ Gene Conservation 

Protection of all studied beech populations in the 
Hyrcainan forests may not be economically feasible. 
The number and size of Gene Management Unit (GMU) 
as an in situ reserve could not be determined by the 
genetic data presented here alone since there will be 
other biological, economical and administrative issues 
which should be considered during decision making. 
However based on present genetic data, we could point 
out some potential populations as GMU sites along with 
distribution range of beech forests to help forest 
managers and conservation biologists in their decision 
making. 

We applied SAMOVA for our data, which defined 4 
groups of populations in Hyrcanian zone that are 
geographically homogeneous and maximally 
differentiated  from each other  (Fig.  3).  The  SAMOVA 
approach also suggests the different groups in very close 
populations, e.g. populations from different elevation of 
region Gorgan or two populations in two sides of a 
valley (populations Kelardasht and Kheirud-kenar). To 
explain it, the presence of a very efficient barrier to 
gene flow, this would have prevented short-range 
migrations between populations from these regions. 

In Beech forests, considering the genetic distances 
between populations and grouping pattern and genetic 
diversity statistics of populations (heterozygosity and 
mean number of alleles per locus), G-1900, K-1200, C-
1300 and A-1200 could be suggested as potential GMZ 
populations. These populations are the representatives 
of the cluster groups formed in cluster analysis. Asalem 
and Gorgan regions have located at the western and 
eastern edge of Hyrcanian forests, respectively. Gene 
flow from the other populations is low. Therefore, It is 
reasonable that G-1900 and A-1200 (has rare alleles and 
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higher heterozygosity) originated from different 
lineages can be considered as in situ reserves. K-1200 
and C-1300 populations in middle of distribution range 
of beech in Hyrcanian forests have rare alleles and the 
highest heterozygosity and originated from different 
lineages could be taken into consideration for in situ 
conservation. 

However, for the final decision on Gene 
Management Unit selection in beech forests as in situ 
reserve, genetic diversity of a species is not the unique 
criterion. Other factors such as presence of other 
economically important species and degree of biological 
diversity in the site, accessibility and suitability of the 
area for in situ preservation and protection should be 
also taken into consideration. 
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