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Abstract : Logging activities will have an impact on crop structure, composition, and species diversity. The research results
showed that the composition and crop structure at each location were heterogeneous, as indicated by a very stable species
diversity index. The types crop structure at the level of seedlings, stakes, poles, and trees from each location were also
heterogeneous. There were, however, some of the same types encountered which dominated the locations of 2005, 2010 and
2015 such as Shorea sp, Dipterocarpus borneensis, Calophyllum inophyllum, Dehaasia sp., Syzygium sp. The stand density at
the site in 2005 was lower compared to the two locations in 2010 and 2015, while the location of 2010 had the highest species
density of 10,800 species/ha. The highest INP (Important Value Index) value in five species of plants in three locations was
dominated by Shorea sp by 48.2%. The high level of species diversity (H ') indicated that the site has good habitat, good soil
fertility, and good climatic conditions. However, the value of species richness index (R) was low with R <3.5. The value of
species evenness index (E) was quite evenly distributed across three locations due to the vegetation structure where plant
species grow strongly for the survival of different plant species at each growth level such as seedlings, stakes, poles, and
trees.
Keywords: composition, stands, density, vegetation, habitat.
I. INTRODUCTION
Forest areas in Central Kalimantan have an area of 10,658,673.48 ha or 64 percent of Central Kalimantan’s total
area. The forest area comprises a conservation forest by1,848,485.60 ha, protected forest by 766,392.06 ha, production
forest by 8,038,792.02 ha, and research or education forest by 5,003.80 ha [1].
The area is a unity of ecosystems with various components of natural resources and the natural environment that
cannot be separated from one another. The area has diminished as a result of logging in the past. Logging creates
unavoidable forest destruction, including stand damage, crown damage, stem damage, buttress damage, toppling stems or
falling stems. Damage can also occur due to human intervention that allows the stand cannot return as before or in normal
circumstances. Damage also occurs due to the falling of other trees (the core tree) by the felled trees and timber
transportation activities that damage the stands as well as open the forest floor. Other causes of deforestation and forest
degradation resulted in changes in the structure and potential of the forest and the presence of existing plant species.
Changes in the diversity of species occurring in cutover forests indicate changes in species structure and composition
and potential value of plant species in the forest, they also indicate variation in plant density, and species growth function.
The degree of species diversity is the result of a dynamic ecophysiological process and correlation with local climatic
conditions, nutrients, tolerance in species, and biogeographic factors or species distribution and variations in forest
ecological conditions [2]. The restoration of the growth of forest stands will run over time, with varying durations
depending on the extent of forest degradation, the carrying capacity of the environment and the state of the forest habitat
[3].
Problems encountered in the management of cutover natural forests, especially in the case of species composition,
species density, crop structure conditions, the harvesting intensity, and the forest stands quality variation. Such diversity can
lead to diverse growths, some of which grow relatively quickly and also grow relatively slowly. The growth level of each
species reflects the ability to recover cutover natural forest to reach its original state before it is felled or to achieve proper
logging conditions so that it is ready for treatment at the next cutting rotation. The recovery duration of forest conditions
varies, depending on the extent of forest degradation and the carrying capacity of the environment. The most dominant
impacts of timber harvesting on vegetation are on damage to cutover stands that are differentiated from tree damage,
changes in stand composition, changes in the tree structure, tree species distribution, community similarity and species
diversity [3]. This study aims to determine the diversity of crop structures and composition of cutover forests in
Kotawaringin Timur, Central Kalimantan.

II. RESEARCH METHOD
2.1. Research Location
The research was conducted in PT. Sarmiento Parakantja Timber (PT Sarpatim), which owns a Timber Forest
Product Utilization Permit in Natural Forest (IUPHHK-HA), including Kotawaringin Timur District, Central Kalimantan.
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Geographically, it is located between 11200 '- 112029' East Longitude and 10023 '- 2o26' South Latitude. The location of the
research lies in the planting blocks of 2005, 2010 and 2015 (Figure 1), managed forests including secondary forests
included in the second rotational harvest. The working area of IUPHHK of PT. Sarpatim lies at an altitude of 18 - 94 m asl,
the topography of the working area is dominated by slope class A (flat) with 0-8% slopes [4].

Figure 1. The Map of Research Location Based on IUPHHK of PT.Sarpatim
2.2. Research Procedure
Data collection of stand vegetation analysis based on growth level refers to Indonesian National Standard [5], with
the following provisions:
a. The seedling level is woody vegetation with diameter the of <2 cm, height of <1.9 m, measuring plot size of 2x2
m, measured parameters consisting of species and number of individuals.
b. The stakes level is woody vegetation with diameter of 2 – 9.9 cm, height of > 2 m, measuring plot size of 5 x 5
m, measured parameters consisting of species, diameter, total height and number of individuals.
c. The pole level is woody vegetation with diameter of 10 - 19.9 cm, measuring plot size of 10 x 10 m, measured
parameters consisting of species, diameter, total height and number of individuals.
d. The tree level is woody vegetation with the diameter of > 20 cm, measured parameters consisting of species,
diameter, total height and number of individuals.
The data collection procedure by carrying out inventory using combination method (path method and stripe line
method) with Observation Example Plot Design (PCP) leads to the north with a length of 100 m and width of 20 m to the
east with 5 times replication, the example of PCP is shown in figure 2 below.
100 m

North

20 m
D

C

B

A

East

20x20 m: trees Ø > 20 cm
10x10 m: poles Ø 10 – 19.9 cm
5x5 m: stakes Ø 2 – 9.9 cm, height of > 2 m
2x2 m: seedlings Ø < 2 cm; height of < 1.9 m
Gambar 2. Observation Example Plot Design
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2.3. Data Processing and Data Analysis
The data processing of vegetation measurement analysis was calculated by using the formula [6] [7] as described
below, Density (K) and Relative Density (KR), Frequency (F), Relative Frequency (FR), Domination/Crown Cover (D) and
Relative Domination (DR), Important Value Index (INP), Species Diversity (H’), Species Richness Index (R) and Species
Evennes Index (E) for each stands in trees, poles, stakes and seedlings level at each study site.
K (species/ha)

=

KR (%)

=

F (species/measuring plot)=

∑
x 100%
∑
x 100%

FR (%)

=

D (m2/ha)

=

DR (%)

=

INP Value (%)

= KR (%) + FR (%) + DR (%)

∑

x 100%

n
H’

=- Ʃ

ni
------

ni
ln

n–1
N
Detail:
H’
= Species Diversity Index
N
= The total number of individuals
ni
= The total of i-species
ln
= Natural logarithm

R

------N

S–1
= -----------Ln x N

Detail:
R
= Margalef Index (Species Richness Index)
S
= The number of species
N
= The total number of individuals
Ln
= Natural logarithm
H’
E
= ---------Ln (S)
Detail:
E
= Species Evennes Index
H’
= Species Diversity Index
Ln
= Natural logarithm
S
= The number of species
The analysis used Group Random Design that was followed by hypothesis testing with F-test and t-test [7], with Ms.
Excel and SPSS (Statistical Product and Service Solution) version 24.
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III. RESULT AND DISCUSSION
3.1. Vertical Crop Structure
The vertical crop structure in each reserach plot with high class of vegetation of 10 m, 11-20 m, 21-30 m, 31-40 m
and > 40 m, respectively tend to decrease in number of vegetation land area unit , forest condition had variation of tree
spread based on its height class. It showed that the higher the tree size, the less the the tree number was. This was in
accordance with the statement [8], which stated that the amount of vegetation in natural forests was inversely proportional
to the height, that stated: the higher the tree size, the less the the tree number was.
The abundance of under plant and seedling sprouts populations can lead to the opening of tree canopies so that the
sunlight directly hit the forest floor and underlying plants. This was shown in Figure 3 which showed the crown strata in the
less continuous research locations. The number of trees based on their relation to the high class average was shown in
Figure 3 below.

Number of Trees (n)
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20

2010
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2015

0
≤10

11-20

21-30

31-40

≥40

Height Class (m)

Figure 3. Vertical Crop Structure
Based on figure 3 above, the results of the canopy strata classification indicated that prior to the timber harvesting, it
was seen that the canopy layer strata on stratum A (total height of > 30 m), stratum B (total height of 20-30 m), stratum C
(total height of 4-20 m), and stratum D (total height of 1-4 m). On the other hand, after harvesting activities, there were
damaged stands resulting in a change or decrease in the number of stands on each stratum. But the decrease in the amount of
the stands did not result in the loss of existing stratum [9].
In stratum A of cutover forests, there were many lesser-known species such as Jambu-jambuan (Eugenia spp.),
Medang (Litsea spp.), Pampaning (Quercus sp.), Binuang (Octomeles sp.), Bunyau (Santiria griffithii), Kumpang
(Horsfieldia crassifolia), Mahawai (Cyathocalyx biovulatus), it was allegedly because the species was more able to compete
with other individual species in terms of meeting the need for nutrients, minerals, soil, water, sunlight and growing space as
a whole. There were also some species that had not been cleared. Therefore, there was still a lot of cutover forests [10] [11].
3.2. Horizontal Crop Structure
The horizontal crop structure was based on the relationship between the diameter class and the number of species in
each research plot, divided into diameter class <10 cm, 10-19.9 cm, 20-29.9 cm, 30-39.9 cm, 40 -49.9 cm, 50-59.9 cm, and
> 60 cm. It indicated that the three cutover areas of 2005, 2010 and 2015 had different variations of tree distribution, with
different diameter classes. The number of individuals based on the diameter class on each forest condition would decrease
from the small diameter class to the large diameter class. The most noticeable decrease in the number of individuals was
seen in the diameter class of <10 cm to the diameter class of 10-19.9 cm. This was in accordance with the statement [8], that
the amount of vegetation in natural forests was inversely proportional to the diameter, that stated: the larger the tree
diameter size, the less the tree number was.
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Figure 4. Horizontal Crop Structure
Figure 4 above showed every increase of diameter class proportional to the average height of the tree and inversely
proportional to the number of individuals. This indicated that forest conditions in the research plot were occupied by
relatively young trees.
The horizontal crop structure indicated that an increasing number of species from the small diameter class to the large
diameter class, so that the shape of the curve could be characterized by the amount of distribution at each growth level that
resembled an inverted "J". It was suspected that the crop structures at each logging location in 2005, 2010 and 2015 were
unequally balanced forests, where the number of individuals at each growth level decreased as the size of the tree diameter
increased. According to [3], normal and healthy unspecified forests had structures that made up the reversed form of letter
"J". Thus, the condition of forest stands in the research plot, was still in normal and healthy condition.
Plant species with the diameter of <10 cm and diameter of 19-19.9 cm were numerous, especially in seedlings and stakes
in 2005 and 2010, reaching 1036 individuals or reaching 51% of the total of 2044 individuals recorded in each logging
block. Furthermore, the number of individuals decreased with increasing diameter class at the growth level from pole level
to tree level. At the growth of the pole level (diameter of 10-19.9 cm), the number of individuals was fewer than the tree
(diameter of > 20 cm), this was presumably due to logging by either licensed or logging companies conducted by the
community without permits, small trees beneath it fell on a larger tree causing broken branches, small tree branches were
also dead and partly utilized by the community for house building. But if connected as a whole, the horizontal crop structure
had a pattern that forms the reversed "J" letter. The relationship pattern was a general feature of normal regeneration [12].
3.3. Vegetation Structure
The diversity of dominating tree species in the 2005 logging blocks consisted of Meranti (Shorea sp), Bangkirai
(Shorea laevis), Banitan (Polyalthia hypoleuca), Benuas (Shorea kunstleri), Bintangur (Calophyllum inophyllum), Bunyau
(Santiria griffithii), Kamasulan ( Pangerandra sp.), Kumpang (Diospyros borneensis), Charcoal (Diospyros borneensis),
Mahawai (Cyathocalyx biovulatus), Medang (Dehaasia sp.), Tengkawang (Shorea macroptera), Ubar (Syzygium sp.),
Mahang (Macaranga triloba), Bunyau (Santiria sp.), Jambu-jambuan (Syzygium sp.), and Pampaning (Gluta wallichi). The
diversity of dominating tree species in 2010 consisted of Meranti (Shorea sp), Bangkirai (Shorea laevis), Keruing
(Dipterocarpus sp.), Bintangur (Calophyllum inophyllum), Bunyau (Santiria griffithii), Forest Coffee (Pertusadina
eurhyncha), Kumpang (Diospyros borneensis), Mahang (Macaranga triloba), Mahawai (Cyathocalyx biovulatus), Medang
(Dehaasia sp.), Resak (Vatica sp.), and Ubar (Syzygium sp.). The diversity of dominating tree species in 2010 consisted of
Meranti (Shorea sp), Keruing (Dipterocarpus sp.), Medang (Dehaasia sp.), Jambu-jambu (Syzygium sp.), Bintangur
(Calophyllum inophyllum), Bunyau (Santiria griffithii), Hanyer bajai (Goniothalamus sp.), Gahung Wood (Macaranga
pachyphylla), Asem Wood (Santiria griffithi), Mahawai (Cyathocalyx biovulatus), Pampaning (Gluta wallichi), Tea
(Xerospe rmum sp.), and Ubar (Syzygium sp.).
The dominating and abundant research results in 2005, 2010 and 2015 in the area consisted of Meranti (Shorea sp),
Keruing (Dipterocarpus sp.), Bintangur (Calophyllum inophyllum), and Ubar (Syzygium sp.). The number of plant species
found at the growth level in each forest condition at the locations of 2005, 2010 and 2015 can be seen in Table 1.
Table 1. Species Composition that dominates in Each Forest Condition
The Number of
Forest Condition
Growth level
Plot Area (ha)
Species (n)
2005
Seedlings
0.02
200
Stakes
0.05
140
Poles
0.1
167
Trees
0.2
108
2010
Seedlings
0.02
216

Density
(species/ha)
10,000
2,800
1,670
540
10,800

Lbd (m2/ha)
0.11
5.32
28.47
63.48
0.12
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Poles
Trees
2015
Seedlings
Stakes
Poles
Trees
Source: Research Results, 2017

0.05
0.1
0.2
0.02
0.05
0.1
0.2

364

150
278
93
205
125
254
108

2,980
2,780
465
10,250
2,760
2,540
545

5.15
38.13
97.97
0.12
4.47
39.97
59.87

Forest condition in logging block in 2010 had the highest growth level, specifically at the seedling level with the number of
216 species with the highest density of 10,800 species/ha with the basic area of 0.12 m2/ha. The high density was allegedly
due to competition between the same species and between different species, it was suspected that each type had the same
needs, for example in terms of mineral nutrients, soil, water, light and growing space. Based on the data above, it can be
seen that the location of 2010 and 2015 had a species composition with a quite high level of diversity when compared with
the location in 2005. The high level of species diversity indicated that the place had good habitat, good soil fertility, and
good climatic conditions. Poor habitats and poor nutrients affected the number of species that grow in the area [13]. In 2005,
the value of density and area of the basic field was relatively small considering the number of species that were still
relatively large, this was caused by the damage caused by logging or illegal logging in the past. Deforestation by logging
large-diameter trees stimulated the growth of previously pressured trees and stakes to grow simultaneously because of the
opening of sufficient growing space and the entry of sunlight into the forest floor [10]. Conditions like these that occurred at
each research site, the existing forest was the stands formed by trees with the small diameter. The indications were also
reinforced by the vertical structural condition data at the research location shown in Figure 4 above.
Species diversity, when compared to other cutover forest locations, was different. The species diversity in cutover forests
was compared with dipterocarpa lowland forests [15]. In the conducted study, it said that there were 270-314 species per
hectare found in the diversity of species in dipterocarps lowland forests in West Kalimantan. The species diversity was
relatively different from the type of kerangas forest (70 species) in West Kalimantan and the sub-mountain forest (115
species) but more in comparison with the mountain forest (45 species) in West Java, which was relatively small.
The important value index in cutover forest conditions for 2005, 2010 and 2015 showed the role of each of the seedling,
stake, pole and tree levels in an area determined by the amount. The five major plant species that play an important role
with the highest INP were shown in Figure 5 below.
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Figure 5. Five Highest INP Species in Seedlings, Stakes, Poles and Trees Level
The highest INP value of the five species at the growth level in Figure 5 above showed that, the Meranti (Shorea sp.)
dominated the entire logging block location, but there were several diverse species of INP values due to environmental
influences such as moisture, temperature and not able to compete in its growth period, especially in the struggle for
nutrients, sunlight and growing space, with other species that can affect growth against tree trunk diameter. In addition to it,
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the varying value of INP was also determined by the age factor of a tree. The dominating species of the plant were the
species that can efficiently utilize the environment against other plant species with the same conditions and places of growth
[15]. Furthermore [16] stated that a species can be said to play a role if the INP for seedling and stake levels was more than
10 percent, while it was 15 percent for pole and tree levels. When viewed from an important value index, Meranti (Shorea
sp.) was the most common species and had a relatively high INP at each growth level. This indicated that Meranti (Shorea
sp.) was able to regenerate and grow well in the condition of the place. At the tree level, Meranti (Shorea sp.) was very
dominant in three locations with an INP value of 48.2%. Other species were always present at each location in each growth
level such as Ubar (Syzygium sp.), But at the 2005 location at the seedling level, it was not included in the big 5 with INP
value of 30.87%, this species was widely used by people around the forest for building materials and firewood. Mahang
(Macaranga triloba) and Medang (Dehaasia sp.) were also the species found in every location that were used to make
plywood finishes, house buildings, furniture [17]. Another species that also dominated the location was Kumpang (Knema
sp.), This species was a commercial commodity because it had good wood quality for pulp an paper, building, and furniture.
The natural regeneration of Kumpang (Knema sp.) in this research location was relatively good, although it did not
dominate at the growth level of seedlings, weaning, and pole, this species had a bigger chance to preserve the species
sustainability because the growth period was faster with the species weight of 0.5.
The diversity index was a parameter used to determine the state of the succession of the existence of a species in a
growing community because there were generally various species of plants in a community, the older or more stable the
state of a community, the higher the diversity of plant species was [6].

Stand Condition
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2,5
2

Year 2005

1,5

Year 2010

1

Year 2015

0,5
0
Seedlings

Stakes

Poles

Trees

Species Diversity Index (H)

Figure 6. Species Diversity Index (H') In Growth Level
To show the relationship between the number of species and the number of individuals which made up a
community (Figure 6) by knowing the species diversity index (H ') that described it, the stability level of a standing
community, by determining the value of H'. A community with a H ' value was <1 was said to be a less stable community or
had a low level of diversity, if the H value was between 1-2, it was said to be a stable community or had a moderate level of
diversity, and if the value of H' was > 3, it was said to be a very stable community or had a high degree of diversity [ 18].
Based on the results of data analysis, it indicated that species diversity varied between observation example plot at
each location. The mean value indicated (H '> 2) that was 2.82, it meant that the community was very stable in every stand
condition. The lowest value of species diversity of 2.61 was said to be stable at the location in 2005. The highest (H '> 3)
was in the 2015 logging block with the value of 3.4. The magnitude of the index of species diversity indicated that species
diversity in the research locations was abundant in both dominant and lesser known species in the cutover natural forest.
In general, H 'values indicated species diversity in cutover forests at three logging blocks of 2005, 2010, 2015 were
stable and lead to primary forest. It indicated that the impact of logging activities on these three locations was no longer
visible. H 'values can be used to determine the effect of disturbance on the environment or to know the succession and
stability stages of the plant community at a site. This condition indicated that the population between the existing tree
species in the three areas was quite even. Therefore, it was not easy to get interference and easy to return to its original
condition.
The small amount of diversity of plant species was found in the habitat where it grew over time, influenced by
several factors such as growth, nutrient availability, inter-species competition. It can be seen in Table 2 below.
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Table 2. Recapitulation of Species Number, Species Richness Index (R) and Species Evennes Index (E) in various growth
level
Forest
The Number of
Species Richness
Species Evennes Index
Growth Level
Condition
Species (n)
Index (R)
(E)
2005
Seedlings
200
3.23
1.15
Stakes
140
1.69
1.96
Poles
167
2.40
1.17
Trees
108
1.99
1.94
2010
Seedlings
216
2.27
1.23
Stakes
150
1.76
1.96
Poles
278
2.04
1.37
Trees
93
1.38
1.37
2015
Seedlings
205
2.05
1.87
Stakes
125
1.49
1.79
Poles
254
2.25
1.46
Trees
108
1.06
1.58
Source: Research Results, 2017
Based on the data from the research results in Table 2, it showed that the species richness index at logging locations
in 2005, 2010 and 2015 had a low number of species richness, presumably because the species that become primadonna in
the first rotation period before logging, had a quite high species richness, after logging by both companies and communities,
so that logging is not offset by replanting of species so there were many species that were already beginning to become
scarce. Based on the Margalef index that showed R <3.5, it indicated that the species richness was low. The Margalef Index
divided the number of species by natural logarithmic functions meant that the increase in species was inversely proportional
to the growth and increase in the number of individuals, suggesting that in many species-rich ecosystems had little number
of individuals in each species [6].
The value of species evennes index (E) in the three locations can be said to be stable because of the growth level that
was close to the value of 1. The evennes index described the spread of the individual from each species that made up the
community, and described the stability in a community. To assess the steadiness or the stability of the species within a
community, we can use the value of species evennes index (E). The higher the value of E, the diversity of species in the
community was more stable and lower [9]. The spread of fairly distributed species at these three locations was due to the
vegetation structure where plant species grew strongly in favor of the survival of different types of plants at each growth
level such as seedlings, stakes, poles and trees. Different types of forests, such as primary forests, secondary forests or open
land or shrubs were the habitats of various plant species. Several plant species at the research locations were endemic to
grow and correspond to nutrients, soil, water and light to feed, reproduce, and maintain their survival [3] [19].
The research locations in the 2005, 2010 and 2015 logging blocks were lowland dipterocarp forests. This type of
forest was the highest and most dense rain forest. The condition of the area was still pretty good. Although the current forest
condition was secondary forest in second rotation with fairly high and high canopy conditions [4]. The high diversity of tree
species in these locations illustrated the special features of cutover forests where only certain types and diameters were cut
so that diversity was maintained [18]. The stands growth to obtain a vertical growing space also caused more species to
compete to fill the vertical space, causing the individual density to be high [11].

IV. CONCLUSION
The research results showed that the composition and crop structure at each location were heterogeneous, as indicated
by a very stable species diversity index. The types crop structure at the level of seedlings, stakes, poles, and trees from each
location were also heterogeneous. There were, however, some of the same types encountered which dominated the locations
of 2005, 2010 and 2015 such as Shorea sp, Dipterocarpus borneensis, Calophyllum inophyllum, Dehaasia sp., Syzygium sp.
The stand density at the site in 2005 was lower compared to the two locations in 2010 and 2015, while the location of 2010
had the highest species density of 10,800 species/ha.
The highest INP value in five species of plants in three locations was dominated by Shorea sp by 48.2%. The high
level of species diversity (H ') indicated that the site had good habitat, good soil fertility, and good climatic conditions. Other
species that were always present at each location in each growth level was Ubar (Syzygium sp.), But at 2005 location at
seedling level was not included in the big 5 with INP value of 30.87%, this species was widely used by people around the
forest for building materials and firewood. The species of Mahang (Macaranga triloba) and Medang (Dehaasia sp.) were
also commonly found in each location that were used to make plywood finishes, house building, furniture. Another species
that also dominated the location was Kumpang type (Knema sp.), This species was a commercial commodity because it had
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good wood quality for pulp and paper, building and furniture. The natural regeneration of Kumpang (Knema sp.) was
relatively good, although it did not dominate the growth levels of seedlings, weaning, and poles, this species had a greater
chance of sustainability of its kind as it grows faster with a specific gravity of 0.5.
The value of species richness index (R) was low, it was necessary to enrich the species because there were several
species that had started to become scarce like Ulin (Eusideroxylon zwagerii), Tengkawang (Shorea macroptera). The value of
species evenness index (E) was evenly distributed at three locations, it was due to the growing vegetation structure that
strongly supported the survival of various plant species at each growth level such as seedlings, stakes, poles, and trees.
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