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The aim of the study was to investigate the effects of forest roads on foliage discoloration levels of
oriental spruce Picea orientalis (L.) Link by Ips typographus (L.), considering location, ground slope and
ground surface type of the spruce stands. The study was carried out over two years (2006-2007) in
Artvin-Hatila National Park, Turkey. A total of 480 spruce trees from 12 stands were sampled. The results
of the study were as follows: 1) locations of the trees (down-slope, up-slope, and forest interior plots)
and ground surface types of the area (rocky and non-rocky grounds) significantly affected the foliage
discoloration levels, 2) mean foliage discoloration level of trees were highest in the down-slope plots
followed by up-slope and forest interior plots, 3) mean foliage discoloration level of trees grown up on
the rocky stands were significantly greater than those on the non-rocky stands, and 4) mean stem
volume of the trees with the foliage discoloration level 4 (death) were significantly greater than those

with the other foliage discoloration levels (0, 1, 2, 3).
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INTRODUCTION

Timber harvesting and road construction on steep terrain
have always proved to be a complex problem, involving
economic and environmental requirements (Eroglu et al.,
2007; Akay, 2006). Transporting logs on steep terrain re-
quires the construction of a relatively dense network of
forest roads consisting of skid roads, haul roads and land-
ings (Kolka and Smidt, 2004). Forest roads are vital com-
ponents for the human use of forested resources (Gucin-
ski et al., 2000). Without roads, it is almost impossible to
perform many forestry activities such as harvesting, rege-
neration, protection, and recreation (Gucinski et al., 2000;
Akay et al., 2007).

Roads precipitate fragmentation by dissecting previou-
sly large patches into smaller ones, which leads to edge
habitat in patches along both sides of the road, potentially
at the expense of interior habitat (Reed et al., 1996). The
fragmentation due to forest roads can cause microclima-
tic changes especially along the roadside stands. Trees
located near the edge experience different environmental
conditions than those located in the stand interior (Oliver
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and Larson, 1990; Palik and Murphy, 1990; Jose et al.,
1996).

Forest roads are also the largest source of sediment in
forest ecosystem (Kolka and Smidt, 2004; Akay et al.,
2007; Ketcheson et al., 1999; Swift, 1988). Erosion and
compaction of organic and nutrient rich surface soil de-
crease forest productivity (Kolka and Smidt, 2004; Prit-
chett and Fisher, 1987).

Adverse effects of forest roads on habitat quality for
spruce stands influence the susceptibility of trees to biotic
agents. The spruce bark beetle, Ips typographus L. (Col.,
Scolytidae), is one of the most destructive biotic agents of
spruce (Picea spp.), mainly damaging on Norway spruce
[Picea abies L. (Karst.)] in Europe and oriental spruce [P.
orientalis (L.) Link] in Turkey. This pest of spruce is distri-
buted throughout Eurasia and caused the loss of 31 mil-
lions cubic meters in western and central Europe between
1990 and 2001 (Gregoire and Evans, 2004; Piel et al.,
2005). The occurrence of the spruce bark beetle in Tur-
key was first recorded in Artvin Province in 1984 (Alkan,
1985). Now, it has spread to all over the oriental spruce
forests in Eastern Black Sea region of Turkey. The pest
has 2-3 generations per year extending from April to Sep-
tember in Artvin. Specific objectives of this study were to
determine the effects of forest roads, ground slope, and
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Figure 1. Location of the Artvin-Hatila National Park in Turkey.
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Figure 2. Locations of the measurement sites (1, 2, 3, 4) in Artvin-Hatila National Park.

ground surface type of the stands on foliage discoloration
levels of oriental spruce by [. typographus, and to deter-
mine the effects of stem volumes on host tree preferen-
ces by I. typographus.

MATERIALS AND METHODS
Study area

The research was conducted between the year of 2006 and 2007 in
natural spruce stands of Artvin-Hatila National Park, Turkey (41° 51
N, 41° 06' E) (Figure 1). The dominant tree species of the study area
was 101-113 years old oriental spruce, and growing on the southern and
southeastern slopes at altitudes ranging from 1900 to 2150 m a.s.l.
(Figure 2).

A Garmin GPS receiver was used to record the elevations of the
plots and site location coordinates on the study area. Digital maps of
the study area were produced by using ArcGIS software (version 9.1) to
show the topographic characteristics of the area (e.g. relief, elevation,
aspect, slope, etc.) (Figure 2).

Climate is generally characterized by cold winters and semi-arid
summers (1948-2000 meteorological data from Artvin Meteorology Sta-
tion) (Sariyildiz et al., 2005). Average monthly temperature ranged from
32°C in August to -2.5 °C in January in the year 1948-2000. The mean
annual precipitation in higher elevations reached over 1100 mm and
the lowest temperature was recorded as - 6.1°C in January 2000
(Damar meteorology station at 1550 m) (Sariyildiz et al., 2005).

Sample sites and field methods

Three factors [ground slope (<60 and >60%,), ground surface type
(non-rocky and rocky ground), and location of the trees (down-slope,
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Table 1. Primary features of the observed plots in Artvin-Hatila National Park, Turkey.

Slope Sites / Ground Location Mean stand Mixture
(%) Slope type age (year)
Up-slope ? 102 Spruce (95%), Others (fir, beech) (5%)
1/55% Non-rocky Down-slope ° 107 Spruce (90%), Others (fir, beech) (10%)
60 Forest interior © 110 Spruce (95%), Others (fir, beech) (5%)
Up-slope ? 112 Spruce (95%), Others (fir, beech) (5%)
2/51% Rocky Down-slope ° 108 Spruce (100%)
Forest interior © 105 Spruce (90%), Others (fir, beech) (10%)
Up-slope ? 101 Spruce (100%)
3/63% Non-rocky Down-slope ° 105 Spruce (90%), Others (fir, beech) (10%)
-60 Forest interior © 109 Spruce (100%)
Up-slope ? 104 Spruce (100%)
4/65% Rocky Down-slope ° 113 Spruce (95%), Others (fir, beech) (5%)
Forest interior © 107 Spruce (95%), Others (fir, beech) (5%)

2 Plots located in up-slope side of the road.
® Plots located in down-slope side of the road.
° Plots located in forest interior having no edge effect.

edge-effect
D: 30 m buffer

A Plots located in up-slope side of the road
B: Plots located in down-slope side of the road
C: Plots located in forest interior having no

Figure 3. Cross section of a study site shoving up-slope, down-slope and forest interior plots.

up-slope, and forest interior)] were used to test the effects of forest
roads on foliage discoloration levels of oriental spruce by /. typogra-
phus. For this purpose, 12 plots in 4 sites dominated by natural
spruce trees were selected in the study area (Table 1 and Figure 3).
The slope of the plots ranged from 51 to 65% in the study area
(Table 1). The up-slope and down-slope plots extended from the
forest road edge to 50 m into the forest. In order to avoid edge-
effect, forest interior plot in a site was seperated by 30 m buffers
from down-slope or up-slope plots (Figure 3).

A total of 480 trees (40 trees in each plot) were sampled to esti-
mate the foliage discoloration levels in late spring and late autumn.
Discolored tree crowns caused by other than I. typographus (e.g.
fungus, mold, winter injuries, wounds, etc.) were excluded from the
sampling process. The foliage discoloration levels of the trees sampled
were estimated using the five European foliage discoloration categories
[0. 0-10% (no discoloration), 1: >10-25% (slight discoloration), 2: >25-
60% (moderate discoloration), 3: >60% (severe discoloration), 4: dead
tree] (Anonymous, 2006). Diameters at breast height (1.3 m above
ground level) and height of trees were measured in the field. The
stem volume of each tree was then calculated using the double en-
try three volume table of oriantal spruce generated by Akalp (1978).

Statistical analysis

All statistical analyses were performed using SPSS® 15.0 for Win-
dows® software. We analyzed the effects of specified factors (gro-
und slope, ground surface types, locations of trees) on foliage
discoloration levels of oriental spruce by /. typographus using three-
way analysis of variance (ANOVA). Differences in volume between
the foliage discoloration levels were tested by one-way analysis of
variance (ANOVA). Multiple comparisons were made between fac-
tors using the post-hoc Least Significant Difference (LSD) Test and
Least Significant Difference (LSD) Pairwise Comparison Test. Me-
ans were considered to be significantly different when P< 0.05.

RESULTS AND DISCUSSION

We examined whether locations, ground slope and ground
surface types of the spruce stands had any significant
effect on the foliage discoloration levels. The results from
the three-way ANOVA showed that there was no effect of
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Table 2. Three-way ANOVA on the effects of locations within the forest (down-
slope, up-slope, forest interior), slope and ground types (rocky ground, non-
rocky ground) on foliage discoloration levels of oriental spruce by /.
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typographus.
Source df ms F P-value

Location 2 74265  32.778 0.001
Slope 1 0.075 0.033 0.856
Ground type 1 13.333 5.885 0.016
Location x ground type 2 0.452 0.200 0.819
Location x Slope 2 3.056 1.349 0.261
Ground type x slope 1 3.675 1.622 0.203
Location x ground type x slope 2 2.494 1.101 0.334

Table 3. Mean foliage discoloration levels of oriental spruce by I. typographus as related to locations of trees.

Location Number of trees Mean foliage discoloration level  95% confidence interval
Up-slope 160 1.544b 1.298-1.789
Down-slope 160 2.500a 2.271-2.729
Forest interior 160 1.181¢c 0.948-1.414

Different letters after the means indicate a significant difference between the means (Least Significant Difference (LSD)

Test, p<0.05)

Table 4. Mean foliage discoloration levels of spruce trees as related to ground type.

Ground type Number of trees  Mean foliage discoloration level 95% confidence interval
Rocky 240 1.908a 1.717-2.099
Non-rocky 240 1.575b 1.384-1.766

Different letters after the means indicate a significant difference between the means (Least Significant Difference (LSD)

Pairwise Comparison Test, p<0.05).

ground slope on the foliage discoloration levels of spruce
by I. typographus (df=1, f= 0.033, p=0.856) (Table 2). Ak-
bulut (2005) reported that fir species (Abies bornmdi-
lleriana Mattf.) in the Western Black Sea Region which
situated on greater slopes with higher drought risk are un-
der the higher risk of insect damage. The results in the
present study do not support these findings since spruce
trees of both sites (slope angle of <60 and >60%) in the
study area could not be under the water stress because
of high annual precipitation (1100 mm).

Three-way ANOVA showed that, locations of the trees
(df=2, f=32.778, p=0.001) and ground surface type of the
stands (df=1, f=5.885, p=0.016) significantly affected the
foliage discoloration levels of oriental spruce. There were
no significant interactions between location and ground
surface type, (df=2, f= 0.200, p=0.819), location and slope
(df=2, f= 1.349, p=0.261), ground surface type and ground
slope (df=1, f= 1.622, p=0.203), and location, ground sur-
face type and ground slope (df=2, f= 1.101, p=0.334)
(Table 2). The mean foliage discoloration level was high-
est in the down-slope plots followed by the up-slope and
forest interior plots (Table 3). Wind and snow were res-
ponsible for broken and fallen spruce trees mostly along

the forest roads in the study area. Forest fragmentations
due to roads could increase the risk of windthrown events
and water stress along the roadside spruce stands. Most
often, mass infestations of living trees by the spruce bark
beetle occur in stands suffering from the aftermath of
heavy winds or from severe drought (Gugerli et al., 2008).
Grodzki (2004) also indicated that the occurrence of
broken or fallen trees contributed to an increased number
of standing trees attacked by bark beetles.

Abiotic components of edge effects for forest habitats
often include decreased soil moisture and humidity, incre-
ased soil temperatures, and increased penetration of light
and wind (Chen et al., 1995; Turton and Freiburger, 1997;
Gehlhausen et al., 2000). /. typographus usually attacks
trees on forest edges and on borders of clearings (Jakus
et al., 2003). In special cases, the interior of the forest
stand can be also attacked (Jaku$, 1998). Sunlit trees
were preferably attacked, especially after abrupt increa-
ses in solar radiation levels (Jaku$, 1998; Lobinger and
Skatulla, 1996; Wermelinger, 2004). Bark beetle develop-
ment is directly affected by phloem temperature, which in
turn is dependent on air temperature and direct solar
radiation (Wermelinger, 1999).
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Table 5. Mean stem volumes of trees as related to foliage discoloration levels.

Foliage discoloration Number of Mean volume 95% confidence

level trees of trees (m%) interval

0 154 1.061b 0.922-1.201

1 112 0.951b 0.814-1.088

2 41 0.899b 0.643-1.155

3 50 0.838b 0.597-1.080

4 123 2.115a 1.755-2.475
Total 480 1.267 1.149-1.388

Different letters after the means indicate a significant difference between the means (Least

Significant Difference (LSD) Test, p<0.05).

Table 4 shows that mean foliage discoloration level of
spruce trees on the rocky stands was significantly higher
than those on the non-rocky stands (df=1, f= 13.333,
p=0.016). Morgan (2004) reported that plants on stony
soils may be more susceptible to drought than those
plants on stone free soils, regardless of their texture.
Severe drought stress weakens the defense of trees
against attacks of bark beetles and thereby increases the
availability of host substrates (Dunn and Lorio, 1993).
Lack of nutrition elements for trees on rocky stands could
also increase the susceptibility of trees to bark beetle
attacks.

Mean stem volumes of the trees with the foliage disco-
loration level 4 (death) were significantly greater than tho-
se with the other foliage discoloration levels (0, 1, 2, 3) (f=
19.524, p= 0.001, one-way ANOVA) (Table 5). For stem
volume of a tree, greater volume means bigger in height
and in diameter. In other words, the largest spruce trees
in volume, height and diameter were the most sus-
ceptible ones in the study area. Zolubas (2003) concluded
that attacked trees by [ typographus were larger in
average height, diameter, and bark thickness than healthy
trees.

The results indicated that foliage discoloration levels of
oriental spruce by [. typographus were strongly correlated
with location of trees in a stand (up-slope side, down-
slope side or forest interior) and ground surface type of
the area (rocky or non-rocky). It was also found that the
spruce trees with larger in volume were more susceptible
to I. typographus attack.
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