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Abstract. Ruslim Y, Sari DR, Kristiningrum R, Purwanti E, Utami WS, Ashari S, Leonika F. 2025. Residual stand damage caused by
logging operations in secondary forest in Berau District, East Kalimantan, Indonesia. Biodiversitas 26: 2148-2156. In Indonesia,
selective logging now mainly occurs on logged-over forests following the second rotation. Yet, information is lacking on the impacts of
logging operation in these secondary forests. This study aims to determine the impacts of logging operations, particularly tree felling and
log skidding, on residual stands in secondary forest and to see the relationship between felling intensity and stand damage and forest
opening. This study was conducted in a logging concession in Berau District, East Kalimantan Province, Indonesia. To determine
changes in stand structure before and after harvesting, 6 plots of 100x100 m were established. After felling and skidding, an inventory
was conducted to record the number of damaged trees and the type of damage. The result revealed that with harvesting intensity
averaged 11 trees per hectare, it caused residual stand damage due to felling and skidding of 17.85% and 16.62%, respectively. The
most common type of damage after tree felling was broken trees, with an average of 19 trees ha, and the main damage during the
skidding process was collapsed/tilted trees, with an average of 28 trees ha’. In addition, it was found that the average opening of skid
roads after the harvesting process was 13.26%. We suggest mitigation strategies including planning the skid road before harvesting,
opening the skid road before felling, limiting the number of trees felled per hectare, implementing directional felling, and extending the

maximum winching.
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INTRODUCTION

Tropical rainforests represent a significant ecological
system on the Earth. After Brazil, Indonesia possesses the
second-largest area of tropical forest in the world. The
country's landscape is characterized by a variety of biomes,
including rich mangrove forests along the shorelines,
lowland tropical rainforests, mountain forests in inland
Sumatra, Sulawesi, and Borneo, and subalpine and alpine
vegetation in Papua (Tsujino et al. 2016). However, since
the 1970s Indonesian tropical forests have been
continuously pressured as there has been a significant
decrease in forest coverage, with the area of forest
decreasing from 87% to 50% of the total land area
(Dwiyahreni et al. 2021). To slow down deforestation and
forest degradation, there has been substantial advancement
in Indonesia's forest policies and governance to oversee and
manage the land designated for forestry and conservation
purposes, often called Kawasan Hutan or State Forest
Areas which encompass 120 million hectares. One of the
strategies is through the establishment of Kesatuan
Pengelolaan Hutan (KPH) or Forest Management Units
(FMUs) which implement sustainable forest management
using the principles of landscape approach. They are
expected to engender a reduction in deforestation and forest
degradation through improved forest planning and
oversight, the establishment of open access avoidance

strategies, and the enhancement of fire mitigation and
response measures (Chervier et al. 2025).

The dynamics of forest succession are initiated by a
disturbance event, which can be categorized as either
natural or human caused. Examples of natural disturbances
include tree falls and landslides, whereas human-caused
disturbances may involve anthropogenic activities, such as
selective logging and swidden agriculture. After the
disturbance, plants typically colonize the gap in the forest
(Mottl et al. 2019). In the context of selective logging, the
disruptions caused by timber harvesting operations in
tropical rainforest have been demonstrated to have a
detrimental effect on the structure of residual vegetation
and its floral diversity. In Indonesia, a study by Purwoko et
al. (2018) investigated the effects of logging which reduced
vegetation diversity and caused residual stand damage.
Research conducted in Brazil has shown a change in the
natural regeneration of flora due to the impact of logging
operations (Bezerra et al. 2021). In addition, the
consequences of these activities extend beyond the impact
on vegetation, encompassing the detrimental effects on
fauna and soil (Wirnoyo et al. 2022; Gunawan et al. 2024).
The use of heavy machinery in timber harvesting, as well
as its subsequent transportation, contributes to soil
compaction (Ruslim et al. 2016; Matangaran et al. 2019a).
Furthermore, the decrease in number of trees, resulting
from the harvesting of timber in conjunction with the
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damage to residual vegetation, leads to alterations in forest
carbon storage (Saimun et al. 2021; Conde et al. 2022;
Dangwal et al. 2022).

Selective logging, also known in Indonesia as Tebang
Pilih Tanam Indonesia (TPTI), has been observed to have a
considerable detrimental impact on vegetation. Selective
logging in natural forests typically comprises several
stages, including forest inventory and planning, road
construction,  timber  felling and skidding, and
transportation of logs. The execution of these practices
invariably entails a certain degree of disturbances
(Matangaran et al. 2022). Logging practices have been
shown to have a significant impact on forest canopy,
including removal of canopy, creation of open space, and
destruction of vegetation around the harvested trees or
residual stands (Winstanley et al. 2024). Residual stand
damage is primarily caused by timber cutting, log skidding,
and the tools used during skidding (Ruslim et al. 2016),
although this is highly dependent to the density of logging
operations (Matangaran et al. 2019b). Furthermore, there is
additional damage to soil as a result of the use of heavy
machinery during log extraction.

Reduced Impact Logging (RIL) is a series of improved
timber harvesting techniques of selective logging in natural
forests. It is of particular interest given its relatively low
cost and numerous potential environmental benefits (Ellis
et al. 2019). For example, in conventional logging practice,
bulldozer is commonly used when moving logs from
cutting site which might open up the forest, disturb natural
vegetation, degraded the quality of remaining stands and
soil (Ruslim et al. 2016; Matangaran et al. 2019a, b). On
the other hand, RIL might use mono-cable method to
minimize the impact of moving logs. For example, in a
timber concession in natural forest in East Kalimantan
mono-cable winches with 20 hp and 26 hp engines
equipped with 100 m sling cables resulted in very little
damage to the standing residue and soil compared to
bulldozers (Ruslim 2011, et al. 2016).

As primary forests in Indonesia depleted, many
selective logging concessions now occur on secondary
forests which were previously logged following the
extension of company's license. In this context, research is
needed to understand the impacts of timber harvesting on
residual stands on logged-over forests after the second
rotation. Despite the numerous studies on the impacts of
logging and skidding on forest stand damage, there is
limited knowledge of such practices on secondary which
harvesting trees with diameter greater than 40 cm and
above. This is particularly evident in the context of tropical
forests in Kalimantan where most of logging concessions
are now occupying secondary forests. Therefore, this study
aims to analyze vegetation diversity, and stand damage
after timber harvesting in secondary forest in Berau
District, East Kalimantan Province. Specifically, this study
focused on stand damage at the tree level and the
relationship between harvest intensity, forest openings, and
stand damage. It is expected that the present study will
provide a valuable guideline for forest operations to reduce
stand damage due to harvesting activities in logged forests.
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MATERIALS AND METHODS

Study area

This study was conducted in the area of Forest
Utilization Business Permit in natural forest (PBPH-HA) of
PT Sumalindo Lestari Jaya IV (SLJ IV). PT SLJ IV is
administratively located in Segah Subdistrict, Berau District,
East Kalimantan, Indonesia. Geographically, the concession
area of PT SLJ IV is located between 02°04'00"-02°21'00"
N and 116°30'00"-117°00'00" E. The forest area is included
in the Segah River and Uwau River forest groups. Based on
the map of Forest Areas and Waters of East Kalimantan
Province scale 1:250,000 (Decree of the Minister of
Forestry and Plantations No.79/Kpts-11/2001), the PBPH-
HA area of PT SLJ IV is entirely located in the Limited
Production Forest (HPT). In general, the topographic
conditions in the PT SLJ IV working area are dominated by
a rather steep slope class (15-25%) which covers +54.72%
of its area. The altitude ranges from 50-500 meters above
sea level, where the lowest area is in the area adjacent to
the Segah River, while the highest area is in the west or
adjacent to a protected forest.

Data collection was conducted from July to October
2024 at the RKTPH 2024 XII-04, XII-14, and XII-18
cutting blocks. The site lies between 02°04' 00"-02°21'00"
N and 116°30'00"-117°00'00" E (Figure 1). The concession
area covered 63,550 hectares and was secondary natural
forest. The topography is medium to steep with the soil
types primarily podzolic and latosol. The minimum
monthly precipitation was 197.4 mm in January and
maximum was 329.8 mm in December. The forest stand
composition was characterized by an uneven-aged forest,
predominantly comprising species from the family
Dipterocarpaceae.

The company implements Reduced Impact Logging
(RIL). Timber harvesting was conducted through selective
cutting to trees with diameter exceeding 40 centimeters,
classifying them as commercially viable. In our study, trees
were felled using a STIHL MS 382 chainsaw and skidded
using a Komatsu D85SS-2 bulldozer. PT SLJ IV is
committed to sustainable natural forest management by
considering the production, social, cultural, and
environmental aspects. Therefore, the Management Unit
prefers voluntary forest management certification
following the Forest Stewardship Council (FSC) scheme.

Research procedures
Experimental design

This study investigated the changes in stand structure
before and after harvest. Research plots were established in
the form of a square with size of 100x100 m and a total of
six plots were created. In the plot, all trees with size of 10
cm and above were inventoried by identifying their species
and measuring their diameter at breast height. All tree
species with a diameter at breast height (dbh) >10 cm were
then inventoried before felling. After the timber felling, an
inventory was conducted of the remaining stands to record
the number of damaged trees and the type of the damage.
Similar procedures were also conducted to record the
damage caused by skidding.
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The map of research location at PT Sumalindo Lestari Jaya IV
Segah District, Berau, East Kalimantan
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Figure 1. Map of the study site located in a logging concession in Segah Subdistrict, Berau District, East Kalimantan Province,

Indonesia

Stand damages

Residual stand damage was observed by systematically
counting the number of remaining stands with various
forms of damage, including crown damage, broken stems,
collapsed stems or tilted stems, stem wounds, and buttress
wounds. Damage type was determined by direct
observation on residual stand damage in the affected area
after felling or skidding the tree according to the Director
General of Forestry Decree No. 564/KPTS/IV-BPHH/1989
on the Guidelines for Selected Logging and Indonesian
Planting (TPTI) where a stand was classified as damaged if
it had one or more of the following conditions: (i) The tree
crown is damaged if more than 30% of the tree's branches
or main stem are broken; (ii) A stem wound is observed,
extending to a point which is more than a quarter of the
circumference from the trunk, with an estimated length in
excess of 1.5 meters; (iii) Roots are cut and uprooted, or
one-third of the buttress is damaged.

Data analysis

The measurement of stand damages causing by tree
felling was carried out at the sample plot by calculating the
mean number of damages per harvested tree. Similarly, this
observation was also applied during log skidding. The
damages were divided into injuries to living trees and
damages to regeneration, depending on where they
occurred. The injuries on the remaining trees were
categorized into four distinct groups: crown damage,
broken trees, stem wounds, and collapse.

The following formula was used to calculate the
damage to the residual stand caused by felling and skidding
(Elias 1998):

k=55

® 100%

Where, K: Percentage of damage of the remaining
stand; R: Number of damaged trees with a diameter of >10
cm by type of damage; P: Number of trees with a diameter
of >10 cm before felling; and Q: Number of harvested
trees. Residual stand damage was classified into: 1) minor
if it occurred <25%; 2) moderate if it occurred between 25-
50%; and 3) major if it reached >50% (Elias 1998).

RESULTS AND DISCUSSION

Tree species diversity

All sample plots contained 50 tree species (Table 1).
The concession only harvested commercial tree species
with diameter over 40 cm. The PBPH-HA area of PT SLJ
IV is dominated by Dipterocarpaceae species such as
meranti merah (Shorea leprosula), meranti putih (Shorea
sp.), meranti kuning (Shorea sp.), and nyatoh (Palaquium
beccarianum) and non-Dipterocarpaceae species including
medang (Actinodaphne glabra), jambu-jambu (Syzygium
tawahense), mendarahan (Myristica affinis) and others.

Felling intensity, stand damage and forest opening

Tree density at each plot was different where the plot
with the highest density was plot 3 which had trees with a
diameter >10 cm as many as 427 trees ha while the lowest
density was at plot 5 with 192 trees ha* (Table 2). Felling
intensity was measured as the number of trees felled per
hectare. As demonstrated in Table 2, felling intensity
ranged from 8 to 16 trees per hectare. The average of trees
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with diameter >10 cm was 297 trees ha® with average
felling intensity of 11 trees hal. The average damage to
trees with diameter >10 cm was 49 trees ha™ or 17.85%
damage.

The type of damage was primarily broken trunk with
average damage of 19 trees ha? (38.78%), followed by
wounds on the trunk and trees that tilt/fall both with
average of 11 trees ha' (22.45%), and crown damage with
average damage of 8 trees/ha (16.33%). In the felling site
14 A-B, the prevalence of damage was by broken trunks
(13 trees), collapsed or tilted trees (10 trees) and crown
damage (9 trees). In the felling site 4 B, the damage was
predominantly broken trunks (25 trees), stem wounds (16
trees), and collapsed or tilted trees (14 trees). In the felling
site 18 A-B, it was dominated by broken trunks (19 trees),
stem wounds (9 trees), and collapsed/tilted trees (9 trees).
The type of damage to standing trees after logging can be
seen in Figure 2.

The result of this study is similar with research by
Soenarno et al. (2017) who discovered that broken stems
were the most prevalent type of damage (56.37%) caused
by felling activities in a rainforest in Central Kalimantan.
Moreover, Matangaran et al. (2019a) documented that
broken stems and crowns were the most common types of
damage caused by logging in the rainforests of Central
Kalimantan and West Sumatra. In addition, Matangaran et
al. (2022) documented that the most prevalent form of tree
damage was a leaning tree, which was observed in 63% of
the total cases. This was accompanied by damage to the
crown (23%), buttress (10%), stem (2%), and bark (2%).

Damage to residual stands due to logging can be
minimized to save young stands to maintain production in
the next logging rotation. Nonetheless, recent research has
unequivocally demonstrated that RIL techniques in
isolation, founded upon the principles of the Minimum
Cutting Diameter Limit (MCDL) regulation, are inadequate
to ensure the implementation of sustainable forest
management strategies. The application of the MCDL
regulation in mixed dipterocarp forests within the
Southeast Asian region has resulted in the felling of a high
number of trees with felling intensities ranging from 10-15
trees per hectare (Sist and Ferreira 2007).

The process of forest opening following timber
harvesting has been characterized by the creation of an
aperture in the forest canopy. The extent of felling gap is
directly proportional to the number of trees felled with a
smaller number of trees resulting in a reduced forest
opening. The regression analysis demonstrated a strong
positive correlation between felling intensity and forest
opening area as demonstrated in Figure 3.

Skidding, stand damage and forest opening

Stand damage is subsequently continued as the
harvested tree is skidded which resulted in trails due to the
use of heavy machinery such as bulldozers. The results
analysis on stand damage due to skidding is presented in
Table 3. The mean damage to trees with a diameter of >10
cm was 46 trees per hectare, equivalent to 16.60% of the
total. Based on damage type, collapsed/tilted occurred on
28 trees (60.87%), followed by stem wounds with 15 trees
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(32.61%) and damage to buttress with three trees (6.52%).
The percentage of skid road opening ranged from 7.8% to
18.4% per hectare with average of 13.26%. The process of
forest opening in the context of timber harvesting was
invariably initiated by the felling space created by felled
trees and the path created by the bulldozer. It was observed
that the extent of the opening was directly proportional to
the reduction in the number of trees felled, with a decrease
in the felling gap and skid trail.

Table 1. Trees in all sample plots by species, family, and
vernacular name

Species Family Local name
Actinodaphne glabra Lauraceae Medang
Alstonia scholaris Apocynaceae Pulai

Anisoptera costata

Dipterocarpaceae

Mersawa

Artocarpus elasticus Moraceae Terap
Artocarpus integer Moraceae Cempedak
Artocarpus lanceifolius Moraceae Keledang
Baccaurea macrocarpa Phyllanthaceae  Kapul
Calophyllum soulattri Calophyllaceae  Bintangur
Campnosperma auriculata Anacardiaceae  Terentang
Castanopsis acuminaatissima Fagaceae Pasang
Celtis sinensis Cannabaceae Penjalin
Cratoxylum formosum Hypericaceae Gerunggang
Dialium indum Fabaceae Keranji
Dillenia indica Dilleniaceae Simpur
Dimocarpus longan Sapindaceae Kelengkeng hutan
Diospyros celebica Ebenaceae Eboni
Discaria pubescens Rhamnaceae Jangkar

Dipterocarpus confertus
Dryobalanops aromatica

Dipterocarpaceae
Dipterocarpaceae

Keruing
Kapur

Duabanga moluccana Lythraceae Banuang
Durio zibethinus Malvaceae Durian

Dyera costulata Apocynaceae Jelutung
Eusideroxylon zwageri Lauraceae Ulin

Fagraea fragrans Loganiaceae Tembesu
Garcinia mangostana Clusiaceae Manggis
Gluta renghas Anacardiaceae  Rengas tembaga
Goniothalamus wynaadensis  Annonaceae Mempisang
Heritiera javanica Malvaceae Palapi
Koompassia excelsa Fabaceae Banggeris
Koompassia malaccensis  Fabaceae Kempas
Lansium domesticum Meliaceae Langsat hutan
Macaranga gigantea Euphorbiaceae ~ Mahang/Makar
Michelia champaca Magnoliaceae Cempaka
Myristica affinis Myristicaceae Mendarahan
Palaquium beccarianum  Sapotaceae Nyatoh
Parkia speciosa Fabaceae Petai Hutan
Polyalthia longifolia Annonaceae Banitan
Pterospermum javanicum Malvaceae Bayur
Samanea saman Fabaceae Trembesi
Santiria tomentosa Burseraceae Kenari
Scorodocarpus borneensis Olacaceae Kulim

Shorea laevis

Dipterocarpaceae

Bangkirai

Shorea leprosula Dipterocarpaceae Meranti merah

Shorea sp1l. Dipterocarpaceae Meranti kuning
Shorea sp2. Dipterocarpaceae Meranti putih
Shorea stenoptera Dipterocarpaceae Tengkawang
Sindora wallichii Fabaceae Sindur
Sterculia foetida Malvaceae Kelumpang
Syzygium tawahense Myrtaceae Jambu-jambu

Vatica rassak Dipterocarpaceae Resak
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Table 2. Residual stand damage due to timber felling

Residual stand damage

Number of trees  Felling

Fililt':g Plot  with diameter of intensity é;rrz‘;v;e Bt:ﬁﬁ(n w?)ﬁar:r:is _Collapsed/ Total Percentage
> 10 cm (trees/ha) (trees/ha) (trees) (trees) (trees) tilted (trees)  (trees) (%)
14 A-B 1 250 10 8 6 7 8 29 12.08
2 331 10 10 20 9 12 51 15.89
Average 291 10 9 13 8 10 40 13.99
4B 3 427 8 9 23 15 12 59 14.08
4 270 16 10 26 16 16 68 26.77
Average 349 12 10 25 16 14 64 20.42
18 A-B 5 192 16 5 18 8 13 44 25.00
6 309 8 6 20 9 5 40 13.29
Average 251 12 6 19 9 9 42 19.14
Grand average 297 11 8 19 11 11 49 17.85
Table 3. Residual stand damage caused by log skidding
_ Number of trees _ Residual stand damage Perc_entage
Fel_llng Plot  with diameter of Skidded  Buttress Stem Col_lapsed/ Total  Percentage of skld_road
site >10 cm (trees/ha) trees damage wounds tilted (trees) (%) opening
- (trees) (trees) (trees) (%)
14 A-B 1 250 10 5 11 18 34 14.17 7.81
2 331 10 8 10 23 41 12.77 12.58
4B 3 427 8 3 23 36 62 14.80 12.92
4 270 14 2 22 45 69 26.95 15.73
18 A-B 5 192 16 1 7 23 31 17.61 18.4
6 309 8 2 18 20 40 13.29 12.1
Average 297 11 3 15 28 46 16.60 13.26

Figure 2. Type of stand damages due to tree felling: A. Crown damage; B. Broken tree; C. Stem wounds; D. Collapsed/tilted
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opening

Discussion

The study site was characterized by the presence of
three species of the Dipterocarpaceae family, with a
diameter greater than 40 cm, which is harvestable trees,
and a significant number of remaining trees with diameter
below this size. The result of this study is consistent with
the research by Imai et al. (2019) which found that logging
does not exert a substantial influence on tree diversity
measurements in Borneo. The current study examined the
impacts of logging on stand damage caused by tree felling.
The results demonstrated that tree felling caused damage to
17.85% residual stands (Table 3).

This finding is in line with a study in Tana Tidung
District, North Kalimantan Province, as determined by
post-harvesting assessments (Matangaran et al. 2022). The
damage in this study was found to be lower than those in
Central Kalimantan and West Sumatra, which registered
27.8% and 22.4%, respectively (Matangaran et al. 2019a).
Furthermore, an increase in stand damage has been shown
to correspond with an increase in felling intensity (Britto et
al. 2019). It has been demonstrated that the level of stand
damage has a direct impact on the rate of recovery of the
forest following disturbance (Florence et al. 2017; Piponiot
et al. 2018; Bodaghi et al. 2020; Han et al. 2021; Hayward
et al. 2021; Knoke et al. 2022; Mokake et al. 2024).
Despite the meticulous manner when tree felling was
executed, the process invariably caused stand damage. The
extent to which this occurs is subject to variation due to
factors such as stem density, the presence and prevalence
of lianas, the dimensions of the tree crown, and the
topographical characteristics of the terrain (Medjibe et al.
2011).

The results of this study indicate a lower level of
damaged stand compared to a study by Mawazin (2013),
which showed that felling 39 stems/ha with a base area of
6.45 m? and a volume of 76.84 m? resulting in tree-level
stand damage of 27.79%. Suwarna et al. (2014) stated that
broken trunks and collapsed trees were the most common
forms of damage caused by logging, with proportions of
44% and 20%, respectively. However, damage to residual
stands, which are the trees left standing after logging, can
be minimized through the application of environmentally
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friendly logging techniques. Several factors cause damage
to standing trees due to logging, such as the wrong
direction of tree fall, wind blowing, dense stands, very
large and tall tree diameters, steep topography, and the skill
of the chainsaw operator. The results of Hwang et al.
(2018) showed that in dense stands, the occurrence of
residential stand damage was greater than that in sparse
stands. Britto et al. (2019) suggested that high stand density
should be considered to reduce damage to residual stands.
Amoah et al. (2019) stated that the skill of chainsaw
operators affects the damage to residual stands due to
logging.

The logging operation in this study used RIL (Reduced
Impact Logging), which is largely considered as
environmentally friendly. Still, several factors caused
damage to residual stands after logging, such as the
direction of tree fall, vegetation density, large diameter of
felled trees, topographic conditions, and the ability of
chainsaw operators. Tables 2 and 3 shows that the
dominant damages that occurred at each plot were broken
branches and collapsed trees caused since the trees that
were cut down had an average diameter of >40 cm and a
tree height that was greater than the remaining stands.

In the skidding process, the distance traversed by
winches is a pivotal factor in determining the extent of
ground-based skidding to residual stands. Directional
felling emerges as a pivotal technique to mitigate the
adverse effects of skidding on residual stands. The findings
indicated that in skidding operations, minor damage was
observed in plots 1, 2, 3, 5, and 6, with damage percentages
ranging below 25%, except for plot 4 which exhibited a
moderate level of damage, with a percentage of 26.95%.
However, on average, the damage to residual stands caused
by skidding is still classified as light because it only
reached 16.6% in average (Table 3). Skidding is defined as
the process of dragging logs from the felling site to
designated landing area. The frequency of skidding must be
taken into consideration, as the more timber felled, the
more frequently the skidding process occurs. This has the
potential to cause damage to both residual stands and forest
openings. The occurrence of collapsed trees during the
process of skidding may be in part attributed to the absence
of adequate skidding trail preparation. This suggests that
the operator need to undertake a significant degree of
bulldozer maneuvering during the process of locating felled
trees. In a study undertaken by Soenarno et al. (2017), it
was reported that tilted and collapsed trees were the most
prevalent damage identified (67.8%) because of skidding in
a tropical forest located in Central Kalimantan.

Before tree felling, it is necessary to open forest to
create skid road so that the feller can aim the direction the
felled tree to the skid road. During skidding, the bulldozer
has to widen the skid road and peel the soil so that many
dead trees are pushed by the bulldozer which causing
wound to the trees on the left and right of the skid road
(Figures 4.A and B). The bulldozer is equipped with a
cable of a limited length that can be extended when
winching a maximum distance of 30 meters.
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Figure 4. A. The process of creating skid road before tree felling; B. Stem wounds during skidding

Coupled with the bulldozer's maneuverability, this
results in a significant number of ground openings and
residual stand damage. Due to the substantial quantity of
trees per hectare, it was sometimes necessary to change the
skidding route as defined during the felling stage to
minimize any damage incurred. The most unfavorable
scenario arises when the assortments are positioned parallel
to the skid trail or at an acute angle to the trail on which
they are being skid (Danilovi¢ et al. 2015). Although skid
trails had been meticulously planned, the process of
skidding nevertheless resulted in the occurrence of residual
stand damage. A significant proportion of the trees affected
by the skidding were uprooted; however, a considerable
number exhibited severe bale damage (Medjibe et al.
2011). Consequently, it is imperative that the skid trail path
can be traced on the felled tree map to prevent substantial
damage. This underscores the importance of each
professional's role in preventing damage. Bulldozer
operators are required to carry a tree map to facilitate
tracking of felled trees. The tree map delineates the identity
and location of trees designated to be cut (Yuniawati et al.
2023).

Reduced Impact Logging (RIL) is a technique that has
been demonstrated to minimize the ecological damage
incurred by the harvesting of timber (Ruslim et al. 2016;
Dulsalam et al. 2021). To reduce damage from felling and
skidding, RIL imposes procedures by determining the
felling direction to minimize the harvested trees falling into
others, felling parallel to the contour line, felling parallel to
the skid road, or forming a fish bone. Elias et al. (2001),
Van der Hout (2014) and Dulsalam et al. (2021) sought to
ascertain the most effective method for determining the
felling direction. The researchers proposed that this should
be achieved by either approaching or avoiding the skid
mark, with the angle of approach or avoidance set at 30-45
degrees, or by establishing a parallel position of the skidder
on the skid trail in the opposite direction to the skid trail.
This approach was found to facilitate the direction of
felling to a clear area and the crown of the previously felled
tree. In the context of steep terrain, the felling direction was
found to be oblique to the slope, following the contour of
the terrain. Furthermore, skidding and skid road building

should normally be stopped during the rain, especially
when logging on fine-textured soils such as loams and
clays or wet soils or slopes (Van der Hout 2014). A
skidding scheme must be formulated in order to mitigate
the environmental impact of skidding by implementing a
pre-planning strategy for skid roads. Achieving a balanced
control over a skidding operation is contingent on the
selection of suitable equipment, the determination of the
suitable harvest time, individual tree size, location, and
spatial distribution. The arrangement of skid trails in a
logical manner has been shown to facilitate expedited work
and enhance the efficacy of skidding devices (Kooshki et
al. 2012; Gumus and Turk 2016). The impact of a
conventional harvesting method on the subsequent
harvesting was evaluated and compared with an alternative
and improved harvesting method. The latter was performed
by a well-trained professional chainsaw operator
experienced in reduced impact logging techniques and
included the use of a snatch block and a skidding cone
(Britto et al. 2019).

The process entails the imposition of a maximum tree-
felling intensity per hectare, thereby markedly diminishing
the incidence of stand damage (Suhartana et al. 2022). The
present study revealed that the increase in felling intensity
resulted in corresponding increase forest opening as also
found by Matangaran et al. (2022). Reduced Impact
Logging (RIL) has been applied in the management of
natural forests to minimize wood harvesting residues
(Parasakoo et al. 2017). Furthermore, the integration of
decision support system techniques has been demonstrated
at PT SLJ IV to enhance accessibility to marked trees and
to reduce the length of skid roads. So, the skid trail pattern
must be planned and opened before harvesting takes place
so that the length of the skid road can be minimized to
reduce stand damage.

To minimize damage to stands after skidding, it is
mandatory to use skidding equipment that has a long-line
winching cable system, such as a monocable-winch
machine with a winch cable length of 100 m and a
Rimbaka Harvester (log fisher) with a winch cable length
of 150 m. It is recommended that the focus of future
research be expanded to encompass the exploration of other



RUSLIM et al. — Residual stand damage caused by logging operations

long-line winching technologies that have been extensively
utilized in Malaysian Borneo. This technology is equipped
with a 150-metre-long cable sling, which has been found to
cause a lower rate of damage to the stand than a bulldozer
(Norizah et al. 2012). Furthermore, the implementation of
monocable-winch can reduce carbon emissions through
avoided forest degradation and reduction in diesel fuel
consumption (Ruslim 2011, et al. 2016; Pearson et al. 2017).

In the context of climate change, harvesting
merchantable trees (dbh 10 cm) can emit 21.54 MgC ha’*
carbon stock or equivalent to 13.20% of above ground
carbon (Romero et al. 2021). In addition, the commercial
bale is responsible for 3.26% of the carbon removed
directly from the forest in the harvested trunks for wood
production (Romero et al. 2021). Implementing long-line
cable winching would be instrumental in achieving
significant emissions reduction, with the additional benefit
of mitigating the construction of bulldozer skid trails.
These trails have been identified as a primary contributor to
soil erosion in the harsh Indonesian terrain where logging
operations are currently underway (Putz et al. 2018). The
term RIL-C is used to denote a set of enhanced logging
practices that minimize carbon emissions which involves
several strategies such as directional felling, the
optimization of log extraction methods (for example,
skidding or yarding), the planning of skid trails and roads,
the enhancement of bucking techniques, and winching with
long lines cable (Griscom et al. 2014, et al. 2019; Pearson
et al. 2014). There have been various advantages of using a
monocable winch since 2010, but until now, this tool has
not been applied. This is due to social considerations
because it requires many human labor and safety factors
and will also become a competitor to heavy equipment that
has been used since 1970 in Indonesia.

In conclusion, with intensity of logging and skidding
averaged 11 trees per hectare, the percentage of stand
damage and tree mortality after felling and skidding was
17.85% and 16.62%, respectively. The average skidding
road opening after the harvesting process was 13.26%. The
level of damage of residual stand and the opening of skid
road was comparatively minor when compared to other
case studies. There was a significant relationship between
felling intensity and forest opening as increase in logging
intensity was directly correlated with an increase in the
clearance of skid roads. The findings of this research
suggest that planning the skid road prior to harvesting,
opening the skid trail before felling, limiting the number of
trees felled per hectare, conducting directional felling to the
skid trail, and extending the maximum sling cable
(winching) can minimize the damage caused by felling,
skidding and forest opening, while also ensuring less
severe impact on tree species biodiversity and natural
regeneration.
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