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ABSTRACT 

Conditional monitoring is central to sustainable forest management (SFM). In order to evaluate the SFM, many 
indicators have been proposed. Wood harvesting has important direct effects in forests and these effects must be 
detected for assessing status and condition of forests. Monitoring of marked trees can be a useful indicator of the 
conidtion of forests under harvest. This study aims at monitoring forest sustainability with marked trees indicator. Two 
districts of Kheyrud Forest (Patom and Namkhane) as part of the Hyrcanian Forests of Iran was chosen and marked 
trees data were collected for the two last management periods (1984-1999 and 2000-2009 in Patom and 1982–1995 and 
1996–2012 in Namkhane). Statistical analysis was performed using t-test and one-way ANOSIM to determine variation 
of number, volume and species composition of marked trees. Results showed significant reduction in the total number 
and volume of marked trees during the two last management periods. ANOSIM revealed significant differences in dbh 
(diameter at breast height), class composition and the volume of the trees during the two periods. The findings showed 
that the number and volume of the remained trees were reduced as a result of forest harvest. Accordingly, results imply 
unsustainability in management leading to forest degradation. Hence, longer rotation period of forest management 
plans and lower amount of harvest are recommended. This study shows marked trees indicator is a simple and 
appropriate tool for monitoring forest sustainability and using this indicator is suggested for other forested areas with 
similar ecological condition. 
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INTRODUCTION  
Sustainable forest management (SFM) is defined as a practice that prevents the ecological negative 
impacts of forestry in the long-term while maintaining forest benefits to the society. This approach has 
been emerged in the early 1990s as a remedy to anthropogenic forest degradation [1].  
In order to evaluate the sustainability of forest management, many indicators have been proposed that 
span from forest stands to forest management units [2,3]. Many organizations such  as FAO, ITTO, IUCN, 
IUFRO, UNDP and UNEP, as well as non-governmental organizations, communities and the private sectors 
have supported work on the development and field testing of national and sub-national level indicators 
[4].  
In forestry, monitoring and information reporting of indicators are central to SFM [5], and both of them 
are necessary to promote learning, understanding and the application of management strategies [6]. 
Indicators are tools to help identify trends in the forest sector and the effects of forest management 
interventions over time, and to facilitate decision making in forest policy processes. Forest managers 
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must have a way of tracking changes in the status and condition of forests over time, extrapolating 
backward to historic and forward to a range of potential future conditions [7]. Changes occurred in the 
indicators between management periods indicate whether a forest is moving towards or away from 
sustainability [8]. Therefore demand for an assessment of the current forest management, which 
generally involves indicators at all levels, from local to national, has increased in the last decade [9].  
The conservation of biological diversity, tree species composition and stand structural complexity are 
among the most valuable indicators of SFM [10,11]. Predictably, as forest ecosystems decline, so do the 
species associated with them [7].   
As Kahl and Bauhus [12] mentioned, to assess the influence of past forest management on current 
ecosystem properties, management intensity must be quantified. Moreover, it is important to know 
whether an annual harvest of selected trees is more or less intense in terms of timber extraction than a 
management scheme in an age class forest [13].  
Trees marked for harvest influence on tree species composition and stand structural complexity, hence 
these trees provide information on production rate and management strategies trend. Therefore, trees 
marked for harvest are important indicators for SFM.  
Harvesting compared with annual increment and timber production and future availability are some UK 
indicators of sustainable forestry [14]. Harvest volume of forest products is one of the indicators at the 
national level [8]. Mean and range of tree ages within defined seral stages across landscape and diversity 
of tree ages or diameters in stand are important indicators for SFM [7].  
Following the increasing awareness of the ecological negative effects of wood harvesting on condition, 
composition and structure of forest plant communities all over the world, researches have been carried 
out about these impacts on forests. Some of these researches include selective logging [15,16], illegal 
logging [17], clear-cut logging [18], logging operations on forest stand [19], and some researchers have 
tried to develop models for simulating stand development to achieve a sustainable yield [20]. Bennett and 
Adams [21] reviewed harvesting effects on some response variables such as tree regeneration. Nolet et 
al., [22] reported that sustainability is achievable by application of a wide range of  alternative tree 
marking regimes. Tavankar and Bonyad [23] showed density of trees in the protected stand was higher 
than in the harvested stand and species composition was different.  
Kia-Daliri et al. [24] investigated marking of trees for harvest during selection cutting and its impact on 
stand structure in a mixed Beech stands in Hyrcanian forest.   
Pourmajidian and Rahmani [25] compared stand structure after 12 years in a Beech stand. They reported 
the stand volume was not significantly changed, but density of trees significantly increased after 12 years. 
Villela et al. [26] investigated the effect of logging on stand structure in Brazil forests. They reported that 
there were no difference in tree density in logged and unlogged stands, but unlogged stands had more 
density of large diameter trees.  
Nolet et al. [22] used a method that integrates stand growth simulation and tree marking regime 
optimization. The optimization parameters that were applied in their study aimed to identify possible 
tree marking regimes under 10-year rotation partial cutting, which would ensure that the basal area of 
high-quality trees was maintained for 40 years.  
In some studies researchers have tried to quantify harvesting effect using indices [12,28,28].  
Goushegir et al. [29] developed indicators for monitoring sustainability of Hyrcanian forest functions. 
They reported that harvesting amount, the balance between harvesting and growth increment, and 
marking of trees based on ‘close to nature approach’ are some of the more important indicators.  
Generally, there is a considerable knowledge gap regarding long-term impacts of earlier tree harvests on 
the following harvests in district level. Yet, use of marked trees data in the context of harvest trend in 
these circumstances has not fully been studied. Therefore, a case study has been implemented by 
applying marked trees as sustainability indicator for monitoring stand status at Kheyrud forest as part of 
the Hyrcanian forests.  
Kheyrud Forest in Nowshahr has been under harvest for over 50 years. The management prescription for 
this forest aimed for a mixed species, un-even aged, and the production of different kinds of wood with 
different native species of excellent quality with regards to conservation of a healthy and resistant 
ecosystem [30]. Timber harvesting is a major industry in this area which consists of tall trees with both 
single and group selective cutting regimes [31]. Therefore, it is necessary to use existing data regarding 
marked trees as sustainability indicator in order to investigate the changes in the number and volume of 
trees in different management periods. With this information, we can measure how successful forest 
management has been in attaining some of its important goals such as sustainable yield. 
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MATERIALS AND METHODS 
Study area 
Hyrcanian forest is a productive region along the southern coast of the Caspian Sea. Most of Hyrcania is 
located in Iran and Azerbaijan.Unlike the arid and semiarid areas throughout most of the central and 
southern Iran, this region is one of the remnants of natural deciduous forests [32]. The Hyrcanian Forests 
are mostly uneven-aged and broad-leaved. The stands are often spatially heterogeneous with large 
variations in the tree sizes [33].  
Forest management plans commenced in 1957 in Iran and have been applied in Reyhanabad (Sari city) 
and Golband (Nowshahr city) [34]. Prior to this time, forest wood harvesting was being conducted 
through selective cutting. Despite the existence of management plans for harvesting, the quality and 
quantity of Hyrcanian plant community have decreased within the last decade [33]. Intensive human 
settlement in the lower elevations as early as AD 1100 has left large portions of the lowlands deforested. 
Later, these areas have been converted to agricultural, residential, and industrial use [35].  
This study was carried out in Kheyrud, an 80 km2 area, located 7 km east of Nowshahr in Mazandran 
Province, Iran (51°3231�- 51°35�38� N, 36°37�25�- 36°34�30� E). The lowest side of the forest in the 
northern border is 10 m above sea level and for the highest it goes up to 2,200 m above sea level in the 
south. The average rainfall ranges from 1,420 ⋅−1,530 mm a–1 with the heaviest precipitation during 
summer and fall seasons. The forest consists of 80 tree species and 50 shrub species. The soils are 
characterized by karst topography and the most common soil type is calsisols. The most common forest 
types are hardwoods, dominated by Fagus orientalis and C. betulus, and other tree species such as A. 
velutinum, Parrotia persica and Quercus castaneifolia. Although timber harvesting is a major industry in 
this forest, hunting, and tourism can also be accommodated with consideration of forest ecology and 
conservation. 
Allocated to educational purposes, with strict adherence to scientific principles, this forest was consigned 
to the College of Natural Resources at University of Tehran through a contract with the Forestry 
administration in 1964 in order to carry out research and use the area for educational purposes. The 
forest has been divided into seven districts, called Patom, Namkhane, Gozarbon, Chelir, Baharbon, 
Manyasng, and Darno. The whole study area is a watershed and almost all these districts are sub-basins. 
Forest management plans have been outlined for three districts of the forest: Patom, Namkhane and 
Gorazbon. 
The first part of the forest (the Patom), was being exploited during three management periods (1973- 
1983, 1984-1999, 2000-2009). Each management period is 10 years long, but due to financial problems 
was renewed for longer periods. Management of the Namkhane district was completed in two periods 
(1982–1995, 1996–2012).Only the Gorazbon district was exploited just during the first period 
[36,37,38,39,30,31]. Forest management plans have not been prepared for the other parts and they are 
left to remain as natural forest for future studies. 
Primarily, forest compartmenting helps planning, stock accounting, soil investigation, exploitation, and 
transportation. Indeed, compartments are single program units in districts. Borders of compartments are 
determined with regard to the construction of future road network and considering the natural features 
(i.e valleys and ridges) in the district [30].   
Data collection 
Data collection was performed according to tree marking documents obtained from University of Tehran- 
Department of Forestry and Forest Economic, and forestry action plans [36,37,38,30,39,40]. In order to 
investigate the differences between the management periods (almost 10 years long) we needed data at 
least from two periods, therefore Gorazbon district with one management period was removed from 
consideration. Because data from the first period of Patom was not available, we chose only the last two 
periods (1984- 1999 and 2000- 2009 in Patom and 1982–1995 and 1996–2012 in Namkhane). The Data 
included total number and volume (m3) of trees in each class of dbh and for each individual species. 
Tree marking documents consist of a list of each kind of marked tree species with its dbh. We used 
volume functions [20] to calculate volume from dbh for Fagus orientalis Lipsky.,C. betulus L., and other 
species. The diameters of all trees with minimum dbh of 7.5 cm were considered. 
Other species mostly included Tilia platyphyllos scop., A. velutinum Boiss., Alnus subcordata C.A.Mey., 
Quercus castaneifolia C.A.Mey., Ulmus glabra Hudson., Acer cappadocicum Gled, and Parrotia persica 
C.A.Mey. These species were low in numbers in document lists and therefore we summed them up 
together and named them “other species”. In addition, there was no function to calculate their volume 
separately. 
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Dbh of each marked tree was measured at 5-cm intervals. After plotting trees according to abundance, 
diameter was reclassified into <30 (7.5 to 32.5 cm), 35– 50 (32.5 to 52.5 cm), 55–80 (52.5 to 82.5) and 
85< (dbh more than 82.5 cm).  
Twenty one compartments in Namkhane district and thirteen compartments in Patom district were 
exploitable and others were non-exploitable compartments. Totally, 13 compartments from the 
exploitable compartments were harvested during the last two management periods consecutively. Among 
these, six compartments were randomly selected and their data was extracted from the mentioned 
documents for research (Table 1).  

 
Table 1 – Characteristics of the selected compartments 

 
Parcel 

Area (ha) Height 
Max 

Height 
Min 

Average 
Slop (%) 

Direction 
 

212 54.8 627 477 40 NW 
114 38.4 790 610 35 NW 
115 34.7 780 700 20 S 
117 70.5 780 600 40 W 
219 49.5 1080 860 30 W, SW 
225 55.8 1190 1100 30 NW 

 (Department of Forestry and Forest Economics, 1995 a and b) 
DATA ANALYSES 
A paired t-test was used for total number and volume differences of trees over time in the two periods. 
Normality of data was checked by the Shapiro-Wilk test prior to the t-test. The result showed that some 
factors were skewed. However, all data on the tree volume were transformed using logarithmic and 
squared root-transformations was performed on tree number to reduce skewness, outliers, and 
approximate normality.  
One-way analysis of similarity (ANOSIM) was derived from Bray–Curtis dissimilarity matrix based on 
square root and logarithmic transformation of marked tree number and volume, respectively, to test the 
significance of differences in marked tree assemblages with respect to tree number and volume between 
the two periods. 
Afterwards, compartment state trends in volume, density and species composition were obtained from 
existing documents in different years. They are helpful data for comparison of harvesting effects on the 
trees in different years.  
 
RESULTS 
Figure 1 shows the percentage of total marked tree number and volume with breakdown of each species 
(a and c) and dbh classes (b and d) in two periods. In the first period, the number of trees with medium 
diameter was more than others and in the second period, based on marked tree volume, thicker trees 
were more marked than in the first period (b and d). 
In terms of volume, trees with dbh 35–50 and 55–80 cm were more targeted and marked in the first 
period, but trees with smaller dbh were marked (b and d) in the second period. Accordingly, both number 
and volume of the marked trees in the first period are considerable and the highest harvest was 
performed on C. betulus. 
The results of paired t-test are shown in Tables 2 and 3, respectively, for number and volume of marked 
trees. As results in Table 2 show, there are significant differences in total number of marked trees, total C. 
betulus, and total of other species (P ≤ 0.01).A significant difference was also detected for total number of 
marked trees at three dbh classes 35–50, 85< (P ≤ 0.05) and 55–80 (P ≤ 0.01) in the two periods. Dbh 
class 55–80 for C. betulus and other species (P ≤ 0.01) and both 33–50 and 85< dbh class (P ≤ 0.05) 
showed significant differences in the two periods. 
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Fig. 1. Percentage of total marked trees number in two periods
dbh classes (b), and percentage of total marked trees volume in two periods with separation of 

Table 2 –Summary of paired t

The pair comparison
p1total - p2total

p1ftotal - p2ftotal

p1ctotal - p2ctotal

p1ototal - p2ototal

p130total - p230total

p150total - p250total

p180total - p280total

p1200total - p2200total

p1f30 - p2f30

p1f50 - p2f50

p1f80 - p2f80

p1f200 - p2f200

p1c30 - p2c30
p1c50 - p2c50
p1c80 - p2c80

p1c200 - p2c200
p1o30 - p2o30
p1o50 - p2o50
p1o80 - p2o80

p1o200 - p2o200

p1= period 1, p2=period 2, total= total marked trees, f= Fagus orientalis, c= C. 
30= the total marked trees in dbh class 0

marked trees in dbh class 55–80, 200= the total marked trees in dbh class 85<, ns= not signi
significant (P ≤ 0.05
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Fig. 1. Percentage of total marked trees number in two periods with separation of species (a) and 
dbh classes (b), and percentage of total marked trees volume in two periods with separation of 

species (c) and dbh classes (d) 
 

Summary of paired t-test for number of marked trees

Sig. (2-tailed)T Df omparison 
.0064.552 ** 5 p2total 

.468.785 ns 5 p2ftotal 

.0074.474 ** 5 p2ctotal 

.0094.106 ** 5 p2ototal 

.864.181 ns 5 p230total 

.0143.719 * 5 p250total 

.0008.854 ** 5 p280total 

.0163.554* 5 p2200total 

.169-1.606 ns 5 p2f30 

.3121.124 ns 5 p2f50 

.1911.512 ns 5 p2f80 

.2321.361 ns 5 p2f200 

.666-.459 ns 5 p2c30 

.0253.146 * 5 p2c50 

.0017.116 ** 5 p2c80 

.0233.233 * 5 p2c200 

.0992.024 ns 5 p2o30 

.1721.595 ns 5 p2o50 

.0035.485 ** 5 p2o80 

.3471.037 ns 5 p2o200 

p1= period 1, p2=period 2, total= total marked trees, f= Fagus orientalis, c= C. betulus, o= other species, 
30= the total marked trees in dbh class 0–30, 50= the total marked trees in dbh class 35

80, 200= the total marked trees in dbh class 85<, ns= not signi
ficant (P ≤ 0.05) and **= significant (P ≤ 0.01). 
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with separation of species (a) and 

dbh classes (b), and percentage of total marked trees volume in two periods with separation of 

test for number of marked trees 

tailed) 
.006 

.468 

.007 

.009 

.864 

.014 

.000 

.016 

.169 

.312 

.191 

.232 

.666 

.025 

.001 

.023 

.099 

.172 

.003 

.347 

betulus, o= other species, 
30, 50= the total marked trees in dbh class 35–50, 80= the total 

80, 200= the total marked trees in dbh class 85<, ns= not significant; *= 
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Table 3 – Summary of paired t-test for volume of marked trees 

Sig. (2-tailed) T df The pair comparison 
.001 6.765 ** 5 p1vtotal - p2vtotal 

.201 1.47 ns 5 p1vftotal - p2vftotal 

.001 6.933 ** 5 p1vctotal - p2vctotal 

.023 3.241 * 5 p1vototal - p2vototal 

.824 .235 ns 5 p1v30total - p2v30total 

.004 5.049 ** 5 p1v50total - p2v50total 

.000 12.387 ** 5 p1v80total - p2v80total 

.014 3.688 * 5 p1v200total - p2v200total 

.000 -8.255 ** 5 p1vf30 - p2f30 

.034 -2.895 * 5 p1vf50 - p2f50 

.121 1.868 ns 5 p1vf80 - p2vf80 

.375 .974 ns  5 p1vf200 - p2vf200 

.898 -.135 ns 5 p1vc30 - p2vc30 

.016 3.563 * 5 p1vc50 - p2vc50 

.001 7.571 ** 5 p1vc80 - p2vc80 

.015 3.606 * 5 p1vc200 - p2vc200 

.127 1.828 ns 5 p1vo30 - p2vo30 

.037 2.821 * 5 p1vo50 - p2vo50 

.001 6.559 ** 5 p1vo80 - p2vo80 

.383 .955 ns 5 p1vo200 - p2vo200 

v= volume, others is similar to tab.2 
 
On the basis of marked tree volume, significant differences were found in total marked trees, total C. 
betulus (P ≤ 0.01), other species (P ≤ 0.05), and marked trees at dbh classes 35– 50, and 55–80 (P ≤ 0.01) 
85< (P ≤ 0.05) in the two periods. Dbh class of Fagus orientalis had no significant difference in number 
between the two periods but there were some significant differences in volume; dbh classes 30> (P ≤ 
0.01) and 35–50 (P ≤ 0.05). Significant difference for volume of C. betulus in dbh class was similar to the 
number data. Other species in dbh classes 35–50 (P ≤ 0.05) and 55–80 (P ≤ .01) had significant 
differences. 
The result of one-way ANOSIM (Tables 4 and 5) showed significant differences in dbh class composition 
for tree number (P ≤ .01) in the two periods and volume (P ≤ 0.05). Other species had significant 
differences in both market tree number and volume (P ≤ 0.05). Also, there are nearly significant 
differences in dbh class composition of C. betulus as marked tree number and in species composition as 
marked tree volume. 
 

Table 4 –Result of ANOSIM for number of marked trees data 
P-value Global R Comparison 

0.082 
0.009 
0.206 
0.052 
0.011 

0.154 ns 
0.506 ** 
0.042 ns 
0.226 ns 
0.333 * 

Species composition 
Dbh class composition 
Dbh class composition of Fagus orientalis 
Dbh class composition of Carpinus betulus 
Dbh class composition of  other species 

 
Table 5 –Result of ANOSIM for volume of marked trees data 

P-value Global R Comparison 
0.058 
0.030 
0.350 
0.095 
0.011 

0.156 ns 
0.307 * 
0.009  

0.163 ns 
0.320 * 

  Species composition 
  Dbh class composition 

  Dbh class composition of Fagus orientalis 
  Dbh class composition of Carpinus betulus 

  Dbh class composition of  other species 

Table 6 shows state trend of compartments (volume and number of trees per ha, and species 
composition) in different years. According to this, there is a decreasing trend in both number and volume 
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in almost all compartments. In terms of species composition, a high change is observed so that species 
composition changed before the start and after the last harvesting. 

 
Table 6- Compartments state trend in different years 

Date Compartment Number per ha Volume per ha (m3) F (%) C (%) O (%) 
1969 

114 
- 297.50 - - - 

1984 270.00 327.68 - - - 
1995 231.00 208.96 - - - 
1969 

115 
- 238.00 - - - 

1984 154.00 255.85 - - - 
1995 176.62 211.85 - - - 
1969 

117 
- - - - - 

1984 226.00 248.97 - - - 
1995 232.78 335.79 - - - 
1980 

212 
278.00 322.15 50.00 30.00 20.00 

1995 215.45 320.18 20.00 70.00 10.00 
2013 192.00 367.20 39.15 55.11 5.75 
1980 

219 
350.00 431.00 65.00 30.00 5.00 

1995 162.00 369.71 86.00 10.00 4.00 
2013 213.00 441.15 83.56 12.91 3.53 
1980 

225 
349.00 513.00 42.50 45.00 12.50 

1995 122.58 255.91 34.00 49.00 17.00 
2013 189.00 345.95 44.01 36.21 19.78 

 
DISCUSSION 
In this research, monitoring of harvested tree communities (marked trees) with respect to the remained 
tree communities was performed in two management periods (1984- 1999 and 2000- 2009 in Patom and 
1982–1995 and 1996–2012 in Namkhane), whereas most studies [23,26] had investigated harvesting 
effect (harvested stands) in comparison with non-harvested stands. Despite the emphasis made by 
Goushegir et al. [29], for the area, there has been little research on change detection of harvested amount 
and there is a particular lack of quantitative approach into exploring the harvest rate changes and 
checking how marked trees communities might have altered in time. We examined these changes based 
on marked trees indictor. In this case, pressure variable is harvesting (marked trees), state is condition of 
remained trees, and response is change in the pressures and state over time that indicates trend of 
management. 
CHANGES IN MARKED AND REMAINED TREES 
In this study, the number and volume of marked trees showed significant reductions in the two 
management periods for some species and dbh classes (table 2 and 3). Therefore, studied forest must be 
harvested into long rotation periods with less tree yields. According to comparison of number and volume 
in Table 6, it is obvious that volume became higher in almost all of compartments in the last year 
especially in Namkhane district. It is demonstrated that the forest is being pushed to become old with low 
amount of trees and high volume.  
Tavankar and Bonyad [23] reported that tree density in harvested stand is lower than non- harvested 
stands after 10- 30 years. However these studies are performed along space not time, but they 
demonstrated harvesting affect tree density that is same to results of this study (tree density before the 
first harvesting in comparison with tree density after the last harvesting (tab. 6)). Reduction of harvesting 
amount also showed that total tree stocks were reduced. Investigation that was performed by 
Pourmajidian and Rahmani [25] before and after harvesting showed tree density and tree diameter per 
hectare were more after 12 years since harvesting that this condition was same to the last management 
periods of this study (in Namkhane district). It is obvious that although number and volume of trees were 
increased after the last harvesting (2012 in Namkhane district), but it was not achieved to the number 
and volume of trees (per ha) before the first harvesting (1980 in Namkhane district). 
Harvest reduction due to over exploitation of wood during the early management periods and poor 
regeneration due to grazing by livestock [41], and also climate change, drought[42],  and reduced springs 
and river water have caused more sensibility and vulnerability of Kheyrud Forest. 
The balance between amount of cutting and increment is necessary for achieving SFM. In the past forest 
management plans of Kheyrud Forest permits for the total area of a forest were similar. They were issued 
regardless of the sloped surfaces, open areas between the stands such as livestock place, gaps, roads and 
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other open spaces, but recently these unsuitable areas are not imputed. This is another factor for 
reduction in harvesting. 
CHANGES IN THE TREES COMMUNITY 
The results of this study indicated significant differences in the dbh class composition in both number and 
volume and showed harvested assemblages as dbh classes were not similar in the two management 
periods considered (Table 4 and 5). In the first period, middle dbh classes and in the second period the 
lowest thickness class were more than other classes marked in terms of number (Table 4). The highest 
volume of marked trees in dbh classes during the first period belonged to 85< class and during the second 
period the two classes 55–80 and 85< had the highest marked tree volume. 
The reason for these differences may be related to harvesting old growth forest stands. In these stands 
with the harvesting of old trees in the first period, trees with smaller dbh remained for the second period.  
A survey of other marked species also showed that in all classes the first period was taken more 
uniformly, while smaller dbh classes in the second period occurred. As the total operations in this forest 
were carried out with a goal to improve forest quality, it seems that thicker species remained after 
operation. In terms of the number of dbh class composition of C. betulus, which was fairly significantly 
different in the two management periods, the dbh class of 55–80 in the first period and the dbh class of 
35–50 was more harvested. In terms of harvested volume, although yields of C. betulus in the two 
management periods were higher than other species, the percentage of harvested amount in the related 
period was nearly constant (58% of the harvest in the first period and 51% in the second period). 
Fagus orientalis was harvested at a rate of 25% in the first period which reached 42% in the second 
period and other species were initially extracted 17% and reduced to 7%. Therefore, the volume of 
harvested species assemblages was significantly different.  
Table 6 demonstrates that the remained trees community was changed in terms of species composition in 
Namkhane. With respect to the goals of forest management (mixed species and un-even aged), it seems 
that management detracted away from these goals, although with more extraction of C. betulus, this 
harvest was implemented to support more economic species such as F. orientalis. Management goals did 
not allow new species composition in the area. For example, other species in the compartment 212 
declined from 20 % in the year 1983 to 6 % in 2013. Also, in compartment 225 other species increased 
from 12 % to 20 %. This condition is almost coincident with appearance of early successional species like 
Diospyros lotus that demonstrated disturbance as result of human actions and environmental stress. 
Tavankar and Bonyad [23] reported that forest management leads to changes in structure and species 
composition of stands that is similar to this study results. However, many researches agree with change of 
species composition due to harvesting. 
Marked trees is recognized as straightforward indicator for SFM in local scale and can be used as 
indicator of the past management practices in forested areas and a guideline for future forest 
management. 
Limited effort has gone into exploring how marked tree communities might have been altered in time. 
Since the objective of forest management is to improve the quality and quantity of forest stands, 
harvesting has been accordingly done in this regard to prevent forest damage. So species harvest is an 
indication of the quality and quantity of forest stands and can be important for forest managers. Tree 
marking and harvesting should be below the allowable quota, to improve forest stands, in the studied 
forests where the forest management plans are going to be performed, however this is not enough, so, 
area wise logging distribution is also an important factor. This paper focuses on how marked trees 
indicator helps assess progress in SFM. However, a significant reduction in yields is concerned with 
factors such as livestock grazing and drought. Also, more accurate measurement of the annual growth of 
the forest and subtraction of less productive trees can help in this regard. The findings of this study 
highlighted that the rotation period of forest management plans should be longer and amount of harvest 
should be lower. Also, it is important to pay attention to harvested and remained species composition in 
order to achieve management goals.  
In conclusion, marked trees indicator is a good tool for SFM and has many good indicator properties such 
that it can detect changes in forest management over time; is efficient in time and costs; and can easily be 
applied by non-scientists [43]. It shows pressure variable regarding remained trees condition as state 
variable and can obviously indicate the management trend. 
Finally, we emphasize that quantifying some indicators like marked trees should contribute to more 
robust assessments of the effects of forest management on state of the forest. They show the orientation 
of management and the state of stand in long-term and should be applied in further policy implications. 
Marked trees indicator is helpful for local-level monitoring and sustainable management of forests. 
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