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The impacts of three timber harvesting techniques (manpower, skidder, and skyline) on residual trees,
seedlings, and timber products were investigated in natural oriental spruce stands in Artvin, Turkey.
Each of timber harvesting techniques was used in 5 different harvesting sites. The degree of damage
caused by timber harvesting techniques in the residual trees, seedlings and timber products was
calculated as based on injuring size. The results showed that timber harvesting techniques resulted in
damages to residual trees, seedlings, and timber products, but the degree of damages caused by the
harvesting techniques was significantly different. The highest level of damage was caused by
manpower, followed by skidder and skyline harvesting technique. These results suggest that the
damages caused by logging can be minimized by using proper timber harvesting techniques.
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INTRODUCTION

Timber harvesting is extremely difficult, expensive, and
time — consuming operation. The logging operation was
traditionally done by using animal and human power in
Turkey. However, mechanized harvesting techniques
have been increasingly implemented to improve produc-
tivity and reduce logging costs. Therefore, eventual envi-
ronmental damages caused by harvesting techniques are
now gaining increasing importance in the decision-mak-
ing process when determining what actions to take and
what machinery to use in forest harvesting. Once the
mechanized harvesting techniques were introduced, da-
mages especially on residual trees and seedlings were
recognized.

Timber harvesting with insufficient planning, improper
operational techniques, and lack of control of operation
result in severe damage to forest soil (Bettinger and Kel-
logg, 1993; Smidt and Blinn, 1995; Marshall, 2000; Pin-
ard et al., 2000; Quesnel and Curan, 2000; Croke et al.,
2001; Demir et al., 2007; Akay et al., 2007a,b; Makineci
et al., 2007), residual forest trees (Froehlich et al., 1981;
Erdas, 1986; Elias, 1995; Baumgras et al., 1995; Johns
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et al., 1996; Karaman, 1997; Krzic et al., 2003), seedlings
(Steege et al., 2002; Rushton et al., 2003; Eroglu et al.,
2007), wildlife (LeDoux, 1997; Scrimgeour et al., 2000;
Mangan and Bertolo, 2003), and wood products (Holmes
et al., 2002; Eroglu, 2007). This damage can lead to such
environmental degradation as damaged forest, compac-
ted and infertile soil, erosion and turbid water (FAO,
1997). Thus, proper forest harvesting, especially well
planned logging techniques should be applied to maintain
site productivity and to ensure sustainable management
of forest resources (Dykstra and Heinrich, 1992).

Several projects and investigations have been concen-
trated on reducing the impact of negative effects of har-
vesting operations, and reduced impact logging (RIL) reg-
arding technical and economic aspects has been imple-
mented effectively in some countries (Elias, 1995, 1998;
FAO, 1997; Pinard et al., 2000; Steege et al., 2002).

Forests are usually located in high and steep moun-
tainous areas in Turkey and especially in Artvin region,
which increases the cost of harvesting. In harvesting ope-
rations, manpower, skidders, and skylines are commonly
used in Artvin region (Eroglu and Acar, 2007). However,
there have been no studies about the impact of harves-
ting techniques on the forest environment. Thus, the aim
of this research was to investigate the damage levels to
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Figure 1. Location of the measurement sites in Taslica Forest Administration in Artvin.

Table 1. Primary features of the harvesting sites.

hTimbe-r Site Mean Diameter Mean Height Field Crown Number Transportation
arvesting : . slope Aspect closure of .
techniques o Tree Seedling Product Tree Seedling Product (%) (%)  worker Distance (m)
(cm) (mm) (cm) (m) (cm) (m)
M1 38.0 19.3 394 206 436 4.5 55 East 75 6 500
M2 42.6 15.2 396 186  32.1 4.3 60 East 70 6 400
Manpower M3  38.1 17.6 384 202 395 5.2 70  North 70 5 550
M4 33.9 16.3 343 207 337 4.9 65  North 40 5 650
M5 45.8 14.6 48.8 250 30.9 4.9 50 West 50 5 500
S1 357 17.1 46.6 257 35.1 3.8 70 East 60 4 120
S2 351 18.4 386 205 389 4.6 55 East 70 5 90
Skidder S3 358 18.9 39.0 256 433 4.3 70 East 70 5 110
S4 423 20.2 51.2 232 432 4.7 65 North 70 5 100
S5 408 227 46.2 206  53.9 3.9 65 North 70 5 110
Y1 338 17.4 39.8 23.8 399 3.9 70 East 70 6 450
Y2 46.9 19.0 56.8 26.5 449 4.3 65 East 60 6 700
Skyline Y3 615 16.9 728 282 37.0 3.5 70 East 70 5 550
Y4 43.0 17.4 347 206 378 4.1 60  North 60 5 350
Y5 408 254 46.0 2341 59.2 4.5 60  West 70 6 400

residual trees, seedlings, and timber products due to
three harvesting techniques (manpower, skidder, and
skyline) used in natural oriental spruce forests in Artvin,
Turkey.

MATERIALS AND METHODS

This study was conducted during the year of 2007 in natural oriental
spruce stands of Taslica Forest Administration in Artvin Forest
Enterprise, Turkey (Figure 1). The dominant oriental spruce trees in
the study area were 91 - 103 years old (Akkuzu and Giiner, 2008).
The coordinate of the sites was determined by Magellan GPS recei-
ver with a free static measure. Digital maps of Taslica Forest Admi-

nistration (F47dy, F47d,, F47d; and F47d,) were generated with the
ArcGIS 9.1 software package program. The joined digital maps
were converted to TIN theme in ArcGIS format to acquire 3D digital
map. The coordinates of the sites was handled on a separate layer.
Then, the map shown in Figure 1 was generated by overlaying the
two layers (digital map and coordinate layer).

Each of timber harvesting techniques, which are Manpower-M
(gravity method-downhill), skidder-S (MB Trac 900-uphill) and sky-
line-Y (Urus MIll-uphill), was used in 5 different harvesting sites
(Figure 1).

The altitude of sites range 1510 - 2102 m, respectively, and cro-
wn closure ranges from 55 to 70%. The measurement and determi-
nation of some characteristics are shown in Table 1.

In each timber harvesting site, 100 samples were measured for
each damage on residual trees, seedlings and timber products. The
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Table 2. The level of damage in residual trees, seedlings, and timber products.

Residual trees Seedlings Timber products
0: no injury 0: no injury 0: no injury
1: light injury (crown damage < 30% / 1: light injury (crown damage- 1: light injury (product
bark and stem injury < 25% / root and bark, stem, root and buttress injury < 10%)

buttress injury < 25%)

2: Medium injury (crown damage 30 -
50% / barks and stems injury 25 - 50%
/ root and buttress injury 25 -50%)

3: heavy injury (broken stem, fallen
three, crown damage-bark and stem
injury-root and buttress injury > 50%)

2: medium injury (crown damage
-bark, stem, root and buttress
injury 25-50%)

3: heavy injury (crown damage-
bark, stem,
injury 50 - 75%)

injury <25%)

2: medium injury (product
injury 10-30%)

3: heavy injury (product

root and buttress injury >30%)

4: dead seedling

Table 3. ANOVA results testing the effects of three timber harvesting techniques on damage

levels.
Source df Mean F Sig.
square
One-way ANOVA on residual trees
Between groups 2 216.515 472.091 0.000
Within groups 1497 0.459
One-way ANOVA on seedlings
Between groups 2 230.328 352.065 0.000
Within groups 1497 0.654
One-way ANOVA on timber products
Between groups 2 246.403 399.300 0.000
Within groups 1497 0.617

Table 4. The level of the damage based on the injury size of residual trees.

Timber harvesting

Damage level (%)

Average damage level

techniques 0 1 2 3
Manpower 6.0 212 66.8 6.0 1.728a
Skidder 19.4 61.8 128 6.0 1.054b
Skyline 65.6 27.8 6.6 0.0 0.410c

Values not followed by the same letter differ significantly at p < 0.05.

level of damage caused by timber harvesting techniques on the
residual trees, seedlings, and timber products was calculated based
on injury size (Table 2) as used by Elias (1998).

Al statistical analyses were performed using SPSS® 15.0 for Win-
dows® software. The effects of timber harvesting techniques on
damage levels of residual trees, seedlings, and timber products
were analyzed by using one-way analysis of variance (ANOVA).
When significant differences were found, the Duncan’s New Multi-
ple Range Test was also performed to show the differences bet-
ween the means (P< 0.05).

RESULTS AND DISCUSSION

In sites, average diameter and height of damaged resid-
ual trees, seedlings and timber products are 38.96, 1.84,

41.82 cm and 22.89, 0.41 and 4.14 m respectively.

One-way ANOVA showed that the level of damage in
residual trees, seedlings and timber products was signifi-
cantly affected by the timber harvesting techniques (Ta-
ble 3). The level of damage caused by manpower timber
harvesting technique on the residual trees was the high-
est (1.73), followed by skidder (1.05) and skyline harves-
ting technique (0.41) (Table 4). Although more than 80%
of the residual trees were damaged by manpower and
skidder harvesting techniques, less than 35% of the resi-
dual trees were damaged by skyline method. More than
65% of residual trees were injured heavily when using
manpower harvesting method.

The level of damage caused by manpower timber har-
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Table 5. The level of the damage based on the injuring size of seedlings.

Timber harvesting

Damage level (%)

Average damage level

techniques 0 1 2 3 4

Manpower 5.4 28.0 41.6 19.0 6.0 1.922a
Skidder 132 60.6 20.0 6.2 0.0 1.192b
Skyline 55.6 32.0 12.4 0.0 0.0 0.568¢

Values not followed by the same letter differ significantly at p < 0.05.

Table 6. Degree of the damage based on the injuring size of timber products.

Timber harvesting

Damage level (%)

Average damage level

techniques 0 1 3
Manpower 6.0 220 52.0 20.0 1.918a
Skidder 146 550 24.2 6.2 1.220b
Skyline 576 33.4 0.0 0.514c

Values not followed by the same letter differ significantly at p < 0.05.

vesting technique in seedlings was the highest (1.92),
while the lowest damage level was caused by skyline
harvesting technique (0.57) (Table 5). About 55.6% of
seedlings were not damaged in skyline harvesting techni-
que, but undamaged seedlings were less than 15% in the
other harvesting technique. Skyline and skidder harvest-
ing techniques did not result in fatal injury to seedlings,
and skyline did not even caused heavy injury.

The level of damage caused by manpower timber har-
vesting technique in timber products was the highest
(1.92), followed by skidder (1.22) and skyline harvesting
techniques (0.51) (Table 6). About 57.6% of seedlings
timber products were not damaged in skyline harvesting,
but undamaged timber products were less than 15% in
the other harvesting technique. The percentage of timber
products injured heavily was 0.0, 6.0 and 20% in skyline,
skidder, and manpower harvesting techniques, respec-
tively.

Each harvesting system can cause distinctive damage
to remaining crop trees during thinning operations. Most
scars from cut-to-length thinning systems are relatively
small injuries (Bettinger and Kellog, 1993). Damage to
residual trees was less severe with skyline thinning than
with conventional skidding or tractor-based operations
(Aulerich et al., 1976; Fairweather, 1991; Flatten, 1991).
Tractor logging caused relatively more severe scarring to
crop trees than did skyline, helicopter and cut-to-length
system (Aulerich et al., 1976; Fairweather, 1991; Han
and Kellogg, 2000). However, it was found that damage
to residual trees was higher using tractors than using sky-
lines. The present study indicated that logging with man-
power in natural forests in Artvin, Turkey caused heavier
damage on seedlings, residual trees, and timber products
when compared with skyline and tractor system. Stand
damage (scaring, crown and root damage) was the low-
est in skyline and about 6% of the residual trees were aff-

ected moderately or heavily.

Although damages on residual trees, seedlings, and
timber products caused by skidder and manpower show
similarity, medium injury were the highest in skidder and
heavy injury was the highest in manpower. Using skyline
technique can reduce damage on seedlings and timber
products up to 50% and on residual trees up to 60%
when compared to skidder and manpower. Reduced imp-
act timber harvesting can reduce damage on soil and
residual stand up to 50% when compared with conven-
tional timber harvesting in tropical natural forest in Indo-
nesia (Elias, 1992).

It might be concluded that the damages caused by log-
ging can be reduced by means of better timber harves-
ting planning and well controlled harvesting techniques.
Thus, using of skyline harvesting technique should be
preferred to manpower and skidder harvesting techni-
ques on the steep terrain conditions as studied and des-
cribed in this research.

ACKNOWLEDGEMENTS

This study is funded by the Scientific and Technological
Research Council of Turkey (TUBITAK) with the project
number 1060054.

REFERENCES

Akay AE, Sessions J, Aruga K (2007). Designing a forwarder operation
considering tolerable soil disturbance and minimum total cost. J.
Terramech. 44: 187-195.

Akay AE, YUksel A, Reis M, Tutus, A (2007). The impacts of ground-
based logging equipment on forest soil. Pol. J. Environ. Stud. 16:
371-376.

Akkuzu E, Guner S (2008). Defoliation levels of oriental spruce by Ips
typographus (L.) in relation to elevation and exposure. J Environ.
Biol. 29: 223-226.



224 Afr. J. Agric. Res.

Aulerich DE, Johnson KN, Froehlich H (1976). Are tractors or skylines
better for thinning young-growth douglas-fir? World Wood. 1: 16-17.
Baumgras JE, Herar JR, LeDoux CB (1995). Environmental impacts

from skyline yarding partial cuts in an appalachian hardwood stand: a
case study. In: Council on Forest Engineering 18" Annual Meeting,
Sustainability, Forest Health & Meeting The Nation’s Needs for Wood

Products; North Carolina, pp. 413-419.

Bettinger P, Kellogg LD (1993). Residual stand damage from cut-to-
length thinning of second-growth timber in the Cascade Range of
Western Oregon. For. Prod. J. 43: 59-64.

Croke J, Hairsine P, Fogarty P (2001). Soil recovery from track
construction and harvesting changes in surface infiltration, erosion
and delivery rates with time, Forest Ecol. Manag. 143: 3-12.

Demir M, Makineci E, Yiimaz E (2007). Investigation of timber
harvesting impacts on herbaceous cover, forest floor and surface soil
properties on skid road in oak (quescus petrea |.) stand. Build.
Environ. 42: 1194-1199.

Dykstra D, Heinrich R (1992). Sustaining tropical forests trough
environmentally sound harvesting practices. Unasylva. 43: 9-15.

Elias A (1995). A case study on forest harvesting damages, structure
and composition dynamic changes in the residual stand Dipterocarp
Forest in East Kalimantan, Indonesia. In: IUFRO XX. World
Congress; Tempere, Finland, pp. 111-112.

Elias A (1998). Reduced impact timber harvesting in the Tropical
Natural Forest in Indonesia. Forest Harvesting Case Study 11.

Erdas O (1986). Odun hammaddesi Uretimi, bélmeden cikarma ve
tasima safhalarinda sistem segimi. J. KTU Forestry Faculty. 9: 1-2.
Eroglu H (2007). A theoretical approach for determining environmental
hazards caused by technical forestry operations. In: International
Symposium, The 150th Anniversary of Forestry Education in Turkey:
Bottlenecks, Solution, and Priorities in the context of Functions of

Forest Resources. Istanbul, Turkey, pp. 374-383.

Eroglu H, Acar HH (2007). The comparison of logging techniques for
productivity and ecological aspects in Artvin, Turkey. J. Appl. Sci. 14:
1973-1976. }

Eroglu H, Acar HH, Ozkaya MS, Tilki F (2007).Using plastic chutes for
extracting small logs and short pieces of wood from forests in Artvin,
Turkey. Build. Environ. 42: 3461-3464.

Fairweather SE (1991). Damage to residual trees after cable logging in
Northern Hardwoods. North. J. Appl. For. 8: 15-17.

FAO (1997). Forest harvesting in natural forests of the Republic of the
Congo, Forest Harvesting Case-Study 7.

Flatten LB (1991). The use of small helicopter for commercial thinning in
steep, mountainous terrain. Corvallis, Oregon State Univ. 1991.

Froehlich HA, Aulerich DE, Curtis R. (1981). Designing skid trail
systems to reduce soil impacts from tractive logging machines,
Oregon State University, Res. Paper: 44: 15.

Han HS, Kellogg LD (2000). Damage characteristics in young douglas-
fir stands from commercial thinning with four timber harvesting
systems. West. J. Appl. For. 15: 27-33.

Holmes TP, Blate GM, Zweede JC, Pereira R, Barreto P, Boltz F, Bauch
R (2002). Financial and ecological indicators of reduced impact
logging performance in the Eastern Amazon. Forest Ecol. Manag.
163: 93-110.

Johns JS, Barreto P, Uhl C (1996). Logging damage during planned
and unplanned logging operations in the Eastern Amazon. Forest
Ecol. Manag. 89: 59-77.

Karaman A (1997). Daglik arazi ormancihiginda Uretim faaliyetleri
sirasinda gevreye verilen zararlar ve ekolojik dengedeki bozulmalar,
In third National Ecology and Environment Congress. Kirsehir,
Turkey, pp. 1-11.

Krzic M, Newman R.F, Broersma K (2003). Plant species diversity and
soil quality in harvested and grazed boreal aspen stands of
northeastern British Columbia. Forest Ecol. Manag. 182: 315-325.

LeDoux CB (1997). Evaluating timber harvesting impacts on wildlife
habitat suitability using forex, In: 11" Central Hardwood Forest
Conference. pp. 23-27.

Makineci E, Demir M, Yiimaz E (2007). Long-term harvesting effects on
skid trail road in a fir (Abies bornmulleriana Mattf.) plantation forest.
Build. Environ. 42:1538-1543.

Mangan P, Bertolo A (2003). Impact of logging on Yellow Perch
Recruitment in Boreal Shield Lakes. Project Reports 2003/2004,
Sustainable Forest Management Network.

Marshall VG (2000). Impacts of forest harvesting on biological
processes in Northern Forest soils. Forest Ecol. Manag. 133: 43-60.
Pinard MA, Barker MG, Tay J (2000). Soil disturbance and post-logging
forest recovery on bulldozer paths in Sabah, Malaysia. Forest Ecol.

Manag. 130: 213-225.

Quesnel HJ, Curan MP (2000). Shelterwood harvesting in root-disease
infected stands -post-harvest soil disturbance and compaction. Forest
Ecol. Manag. 133: 89-113.

Rushton T, Brown S, McGrath T (2003). Impact of tree length versus
short-wood harvesting systems on natural regeneration. Forest
Research Report 70. Nova Scotia Department of Natural Resources.

Scrimgeour GJ, Tonn WM, Paszkowski CA, Aku PMK (2000).
Evaluating the effects of forest harvesting on littoral benthic
communities within a natural disturbance-based management model.
Forest Ecol. Manag. 126: 77-86.

Smidt M, Blinn CR (1995). Logging for the 21st Century: Forest Ecology
and Regeneration, University of Minnesota, FO-06517.

Steege HT, Welch I, Zagt R (2002). Long-term effect of timber
harvesting in the Bartica Triangle, Central Guyana. Forest Ecol.
Manag. 170: 127-144.



