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beech managed forest in Bartin. In this research where the effect of exposure and
elevation, zone factors on stability index, the number and volume of snags (standing
coarse deadwood: CDWsnags) Were examined. It was found that exposure did not affect the stability index, number and volume of
CDWsnags. However, there is a significant difference among the elevation zone on the number of CDWoqnags, their volume and stability
index (P<0.000). It was found that there is an average volume of 8.87 m%ha of CDWinags. The diameter of the snags is distributed
between 32 and 72 cm. In addition, a strong positive correlation was determined between the number of CDWsnags and the stability
index (r= 0.95), height and breast diameter of CDWsnags (r = 0.98). These results may be an important tool to be used to improve
management interventions in the management of high value forests.
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Saf Dogu Kaymm (Fagus orientalis Lipsky.) isletme ormanlarinda yiikselti ve bakimin dikili 6lii agac
sayisli ve stabilite indeksine etkisi

0z

Olii agaclar, yiiksek dogallik dereceleri nedeniyle kuzey Anadolu dogu kaymi dogu ormanlarmin énemli bir yapisal ve
fonksiyonel bilesendir. Ornek olay olark bu arastirma, Bartin’da ayn1 yash ve saf dogu kayin1 isletme ormaninda yiirii tiilmiistiir. Bu
aragtirmada, baki ve yiikselti faktorlerinin birey stabilite indeksi, dikili 6li aga¢ (CDWgnags) sayisi ve hacmi iizerine etkisi
incelenmistir. Dikili 6li agag (CDWsnags) hacmi, sayisi ve stabilitesi iizerine baki faktoriiniin etkisi tespit edilmemistir. Ancak,
yiikselti zonlar1 arasinda dikili 6lii agag (CDWisnags) sayisi, hacmi ve stabilitesi tizerinde 6nemli farklilik bulunmustur (P<0,000).
Hektardaki dikili 6lii aga¢ hacmi ortalamas1 8.87 m® olarak bulunmustur. Dikili 6lii agaclarin ¢aplar1 32 ile 72 cm arasinda dagilim
gostermigtir. Ayrica, dikili 6lii agacglarin (CDWisnags) sayist ile stabilite indeksi (1= 0,95) ve boy ile gdgiis ¢cap1 (r = 0,98) arasinda
gliclii pozitif korelasyon belirlenmistir. Bu sonugclar, yiiksek degerli ormanlarin yonetiminde yonetim miidahalelerini iyilestirmek
icin kullanilacak dnemli bir arag olabilir.

Anahtar Kelimeler: Isletme ormani, dogu kayini, stabilite indeksi, ayakta 6lii agag, stirduriilebilir ormancilik
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1. Introduction

Structural components such as living trees, dead trees, and
forest gaps perform an influential role in determining the
dynamic phases of forest ecosystems (Parhizkar et al., 2018,
Etemad et al., 2019). Deadwoods (DW) are a major component
that supports the ecosystem and ensures its sustain, both for
managed forests and for non-managed forests (urban forest,
green belt, and so) especially in temperate and boreal forest
ecosystems (Varol et al., 2019). DW, which consists of both
standing deadwood and fallen dead wood, is a dynamic resource
in forest ecosystems (Mark et al., 2006). DW, can be evaluated
in two parts, as coarse deadwood (CDW) and fine dead wood
(FDW). FDW mainly consists of small twigs and is much less
important in ecological function compared with CDW (Lipan et
al., 2008). In practice, CDW is generally classified as snags
(standing deadwood: CDWsnags) and logs (fallen dead wood:
CDWi/qgs) (von Oheimb et al., 2005). The coarse woody debris
can be considered as an adequate and indispensable indicator
both in the nutrient cycle, long-term carbon storage, forest
regeneration, production and sustainability, and forest
biodiversity assessment of forest ecosystems, as well as in
reducing the negative effects of production on forest soil
(Etemad et al. 2019). Sefidi and Marvie Mohadjer (2010)
suggest that the removal of deadwood materials from early- and
mid-successional forests leads to a sharp drop in total deadwood
biomass. Reductions in the volume of the coarse woody debris
in young- and intermediate successional forests, which may
occur from other causes such as wildfires, can have negative
consequences for populations of endemic, understory bird
species that commonly nest in cavities located in or under logs
on the forest floor (Ertugrul et al., 2017). In short, in other
words; CDW is recognized as having great importance for
wildlife and ecological processes in forest ecosystems (Harmon
etal., 1986; Jonsson et al., 2005). Fallen dead wood and stumps
provide nurse logs for regeneration in cool temperate, boreal and
submontane-subalpine forest types (Christensen et al., 2005).
Deadwood is increasingly regarded as a major component of,
and a useful indicator of, biodiversity in forests (Colak, 2002;
Hahn and Christensen, 2005; Marage and Lemperiere, 2005).
For this reason, it was adopted as an indicator for sustainable
forest management by the Ministerial Conference on the
protection of forests in Europe (MCPFE, 2003; Butler and
Schlaeper, 2004).

The quantity, quality, and dynamics of dead wood resources
are able to effect on silvicultural and timber harvesting activities
such as natural and artificial regeneration (Saniga and Schiitz,
2001). In addition, the amount of deadwood in forests is
attracting attention to biodiversity within forests managed by
forest managers (Kirby et al., 1998). Its quantities are normally
much lower in managed forests than in unmanaged old-growth
forests. In recent years, in the interests of sustainable forestry
and biodiversity conservation, efforts are being made to increase
dead wood levels in managed forests (Marage and Lemperiere,
2005). In Europe, the volume of standing and fallen deadwood
is one of nine pan-European indicators for sustainable forest
management (Christensen et al., 2005).

Although research on the amount of deadwood in managed
and protected forests in Europe has been conducted intensively,
there are very few studies on this issue in Turkey. The
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recognition of the importance of management for dead wood is
vital if its nature conservation objectives and obligations are to
be met. The aim of this research as a case study was to
investigate the change in the amount of standing deadwood in
the oriental beech (Fagus orientalis L.) forest, which has its
main distribution in Northern Anatolia in Turkey, according to
the physiographic characteristics.

2. Material and Method
2.1 Material

The research was carried out in pure oriental beech forests in
the Western Black Sea, Sub-Oksin sub-forest belt in Turkey.
The hypothesis of this research is to test how the amount of
CDWsnags Varies depending on the exposure and elevation in pure
and managed oriental beech forests. These forests typically
occur on acid clay soils (Colak and Rotherham, 2006) in areas
with cool winters, and humid to sub-humid summers. The best
sites, along most of northern Anatolia and a narrow strip of the
Black Sea coast in European Turkey, are characterized by a wet
climate, particularly in the east where there is heavy
precipitation throughout the year and mists are frequent. Mean
annual precipitation in oriental beech forests ranges from 700
mm to 2300 mm (Atici, 1998). They are mainly found in sites
up to 500-1200 m altitude, but a few were as high as 1560 m
(Ertekin et al., 2015).

The study area is the plan unit forests belonging to Kumluca
Forest District Chief located between 32° 23" 46" - 32° 33’ 44"
east longitudes and 41° 30" 16" - 41° 20’ 27" north latitudes under
Ulus Forest Management Directorate in Bartin, Turkey (Figure
1). The mean annual temperature in the research area is 17.3 °C
and the mean annual precipitation is 796 mm. In the province
where the vegetation period is six months, early and late frosts
are encountered from time to time. The mean annual snow-
covered period in the region is 4 months. The average crown
closure of the oriental beech stand in the research area is 0.6-0.7,
the average density is 0.5-0.6, and the site index is I11. The pure
oriental beech stands in the area is the even-aged (age class is
IV) and one layer. In Kumluca pure oriental beech forests, the
soil texture is sandy-clayey-loam, the structure is granular. In
terms of soil depth, deep soil conditions prevail. The amount of
organic matter is high. In general, the land slopes vary between
35.3 and 72.7% (Anonymous, 2021).

2.2 Method

Within the scope of the research, the standing deadwood
available in pure managed oriental beech were determined
according to three different elevation zones and different
exposure conditions. In the study, trees with a breast diameter of
more than 6-7 cm that were broken from the top or trunk were
considered dead trees (von Oheimb et al., 2005) and were
included in the evaluations (Figure 1).

All measured trees were assigned to one of the four diameter
classes: small (DBH < 32.5 cm; snags number: 0), medium (32.5
cm < DBH < 52.5 cm; snags numbers:32), large (52.5 cm <
DBH < 72.5 cm; snags numbers:40), and extra-large (DBH >
72.5 cm; snags humbers:0) and a more detailed classification is
given in Figure 3 (Akhavan et al. 2012; Zenner et al. 2015).
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Fig. 1. Location and meteorological data of the study area and an example of standing deadwood belonging to the oriental beech
stand (BSk: Semiarid-cold, Cfa: No dry season-hot summer, Csa: Dry summer-hot summer, H: Unclassified highlands)

This research, conducted snags at three different elevation
zones in Kumluca Forest Planning Directorate, was designed to
a random blocks trial design. All measurements and
determinations were carried out in samples areas of 2000 m? (20
x 100 m) in size and rectangular shape. Digital diameter and
height meters were used to measure breast diameters and heights
of the snags. Using these height and diameter values, the
volumes of the shags were calculated by using double-entry
beech volume tables. In addition, the stability of the snags was
also calculated at all exposures and three elevation zones (Table
1) (Oheimb et al., 2007; Lombardi et al., 2008; Jakoby et al.,
2010; Larrieu et al., 2012).

Table 1. Index values according to the degree of stability (Van
der Valk, 2009)

Degree of stability h/d
Very weak > 100
Weak 80-100
Stable 45-80

Very stable <45

2.3 Statistical analysis

The main descriptive statistics were determined for the
number of standing deadwoods, their volume, breast diameter,
and height, as well as the stability index variables, determined
in the study. In addition, logarithmic transformations were
performed to bring the measured variables closer to the normal
distribution. Variance analysis was applied to
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evaluate the effects of different exposure and elevation zone
factors, and after determining the significant difference,
homogeneous groups were determined using the Duncan
multiple tests. All data IBM SPSS Statistics (ver.23) the package
has been analyzed through the program. Furthermore, the
relationship between the stability index and the number of snags
was tried to be revealed by correlation analysis for the factors of
elevation zone and exposures.

3. Results

Descriptive statistics of the stability index, the number and
volume of snags in the pure-managed oriental beech forest are
given in table 2 according to the exposure factor and in table 3
according to the elevation zones. It was found that there was no
significant statistical effect on the variables in which the
exposures were determined (Table 2, Figure 2). In all exposures,
almost all of the trees had “Weak” stability index.
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Table 2. Descriptive statistics of the stability index, the number and volume of standing deadwood according to the exposure

Stability Index

Exposure . . -
Mean Std. Deviation Std. Error Minimum Maximum
North 99.1111 27.26465 9.08822 63.00 123.00
Northwest 95.0000 17.40690 5.80230 72.00 112.00
Northeast 93.6667 25.70992 8.56997 66.00 126.00
East 78.3333 20.51219 6.83740 51.00 102.00
South 84.8889 22.67402 7.55801 54.00 108.00
Southwest 79.2222 14.14901 471634 59.00 93.00
Southeast 83.6667 28.18688 9.39563 47.00 114.00
West 76.5556 20.57979 6.85993 48.00 97.00
Mean 86.3056 22.85511 2.69350 47.00 126.00
F Value — P Level 1.296 "
Exposure Number of Standing Deadwood*
Mean Std. Deviation Std. Error Minimum Maximum
North 32.3333 12.58968 4.19656 17.00 48.00
Northwest 32.3333 10.93161 3.64387 18.00 45.00
Northeast 30.3333 11.85327 3.95109 17.00 46.00
East 22.6667 9.77241 3.25747 12.00 36.00
South 26.0000 9.16515 3.05505 15.00 38.00
Southwest 23.6667 7.85812 2.61937 14.00 34.00
Southeast 25.6667 11.46734 3.82245 13.00 41.00
West 24.0000 9.68246 3.22749 13.00 37.00
Mean 27.1250 10.65851 1.25612 12.00 48.00
F Value — P Level 1.273 M
Exposure Volume of Standing Deadwood (m?3)*
Mean Std. Deviation Std. Error Minimum Maximum
North 1.2267 0.80609 0.26870 0.37 2.76
Northwest 1.3422 0.77383 0.25794 0.41 2.43
Northeast 2.0389 1.02299 0.34100 0.48 3.35
East 2.4422 1.00322 0.33441 1.04 3.77
South 1.7400 1.03256 0.34419 0.68 3.40
Southwest 1.6978 0.86333 0.28778 0.47 2.86
Southeast 1.8200 1.08578 0.36193 0.60 3.44
West 1.8789 0.95005 0.31668 0.47 2.95
Mean 1.7733 0.96969 0.11428 0.37 3.77
F Value — P Level 1.462 "

* The values belong to sample areas with a size of 2000 m2.
P significance level; ns: non-significant, * P < 0.05: ** P < 0.01; *** P < 0.001
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The elevation zone factor had a significant statistical effect
on the stability index, the number and the volume of snags. At
the elevation zone 1200-1600 m, the stability index (108,083) is
very weak and therefore a high number of snags was determined,
however, the lowest volume of snags was detected at this

elevation step. At 400-800 m, which is the lowest elevation step,
it was determined that the stand individuals were stable (58,833)
and as a natural result, the number of snags was low, while the
volume of snags was the highest at this elevation.

Table 3. Descriptive statistics of stability index, number, and volume of snags according to elevation zones

Elevation Zone

Stability Index

(m) Mean Std. Deviation Std. Error Minimum Maximum
400-800 58.833a 8.15431 1.66449 47.00 75.00
800-1200 92.000b 9.36227 1.91107 80.00 114.00
1200-1600 108.083c 11.91972 2.43310 90.00 126.00
Mean 86.3056 22.85511 2.69350 47.00 126.00
F Value — P Level 153.300***

Elevation Zone Number of Standing Deadwood*

(m) Mean Std. Deviation Std. Error Minimum Maximum
400-800 15,875a 2.29010 0.46747 12.00 20.00
800-1200 25,875b 4.84824 0.98964 19.00 35.00
1200-1600 39,625¢ 5.02007 1.02472 32.00 48.00
Mean 27,1250 10.65851 1.25612 12.00 48.00
F Value — P Level 189,755***

Elevation Zone Volume of Standing Deadwood (m?®)*

(m) Mean Std. Deviation Std. Error Minimum Maximum
400-800 2.7883c 0.54809 0.11188 1.85 3.77
800-1200 1.7738b 0.59796 0.12206 0.80 2.94
1200-1600 0.7579 0.30627 0.06252 0.37 1.48
Mean 1.773 0.96969 0.11428 0.37 3.77
F Value — P Level 08.711***

* The values belong to sample areas with a size of 2000 m2.

P significance level; ns: non-significant, * P < 0.05: ** P < 0.01; *** P < 0.001

To the elevation zones and exposures data obtained from the
research, a strong positive relationship was found between the
number of snags and the stability indices. The relationship was
best expressed by a polynomial equation (Figure 4).

The correlation coefficients were determined as r = 0.899 at
the 400-800 m, r = 0.877 at the 800-1200 m, and r = 0.933 at the
1200-1600 m in the correlation analyses applied separately for
each elevation zone. The relationship between the number of
snags on all elevation steps and the stability index is best
expressed by the polynomial equation (Figure 5).
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number of snags at different elevations and exposure
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Fig. 5. The relationship of the stability index with the number of
snags as different elevation zones

4. Discussion and Conclusion

The deadwood as one of the most notable structural
components of forest stands performs an effective part in the
separation of forest dynamic phases simultaneously with other
features (Etemad et al. 2019). However, there are no determined
standards for definitions and inventory format for deadwood
sampling (e.g., decay classification, minimum diameter, volume
functions, and sampling methods) (Debeljak, 2006). In this
research; the shortest height and thinnest diameter snags were
determined as 6.8 m and 34 cm in the northern exposure at 1200-
1600 m; the highest height and thickest diameter snags were
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determined as 16.2 m and 70.8 cm in the eastern exposure at
400-800 m elevation.

In terms of the distribution of dead trees into diameter
classes, which is an important treat, it was found that the
distribution of snags in this study was observed in diameter class
of 32-72 cm, and the maximum diameter was 70.8 cm.
Kazempour Larsary et al. (2018) used the criterion of
“proportion of dead trees in diameter classes” as one of the
criteria used to define development periods in their studies. In
our research, the fact that snags are largely in the medium and
large diameter class shows that they are at the optimal stage in
terms of development. With a similar result, Tavankar et al.
(2014) emphasized that they could not determine snags with a
diameter of more than 90 cm in open access forests in Northern
Iran lowland. Wisdom and Bate (2008) stated that timber harvest
and human access can have substantial effects on snag density.

In our research, while the exposure did not affect a
statistically significant difference in the number and volume of
snags, and the stability index (Table 2). Wheras, according to
Topacoglu et al. (2017) stated that elevation and exposure were
not effective on the snags volume in their study conducted on
Trojan fir forest. However, the factor of elevation has a
significant difference in these measured variables (Table 3). It
was already expected result that there will be more snags
number at high altitudes in the research. As a result of the
ecological difficulties in the high altitudes, more deadwood are
left in the forests where regeneration difficulties are also
experienced in these zones, where the cohorts can form more
intensively and strongly.

Colak et al. (2009) described the state of coarse dead wood
(CDW) in the managed forest of northern conifer-broadleaved
mixed forest. The results of their research showed mean total
CDW volumes 9.31+2.84 m%ha in the managed forest. In this
research, an average of 8.87 m3/ha of CDW was detected in the
even-aged pure oriental beech managed forest. However, in
different studies conducted, there are quite different values
related to the amount of deadwood. The amount is generally
from 40 to 220 m®ha in the less intensively and more natural
forests of Middle and Eastern Europe (Vallauri et al., 2003;
Hahn and Christensen, 2005), with a maximum of 400 m%ha
(Colak, 2002). Deadwood at this level is considered important
in the forest ecosystem for soil improvement, water economy,
micro-climate, nutrient cycling, and energy flow. Etemad et al.
(2019) in their study conducted in oriental beech forests in
northern Iran an average volume of the dead tree was 41.5 m%ha,
and they emphasized that this ratio was higher than in other
studies in northern Iran. The main reason for this is due to the
lack of traditional and commercial harvesting. However, in
managed forests, it may be reduced to only 1-5 m%ha (Albrecht,
1991) with an average for example, of only 2.2 m%ha in France
(Vallauri et al., 2003). Utschik (1991) states that it is important
for levels to be at least 3 m%ha in a managed forest. According
to Scherzinger (1996), very low values (for instance 1 m3/ha) are
probably too low to have any nature conservation value. Ammer
(1991) claimed that the volume of deadwood to be around 1-2%
of the whole forest yield. Méller (1994) advocates keeping 5%
of the yield in managed forests to generate dead wood, and
Jedicke  (1995) proposes 5-10% dead wood per
compartment. wood per compartment. However, Harmon et al.
(1986) emphasized that generally, the amount of deadwood is
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lower in managed forests than in unmanaged forests. Our
findings confirm this determination.

In the research conducted by Atici et al. (2008) in the main
distribution area of oriental beech in Turkey; the stands have
22.87 + 4.34 m%ha coarse deadwood. In demonstrating total
deadwood volumes at this level, the research indicates that this
resource is above the critical desired levels. Schmitt (1992)
compared the deadwood in European beech forest reserves and
managed forests and found 104.7 m® and 4.2 m3/ha, respectively.

The use of coarse woody debris is a particularly important
tool in determining and distinguishing the dynamic phases.
Dynamic phases can also be used to study the dynamics of
oriental beech forests of Northern Turkey in the long-term. It is
also to be used to improve management interventions in the
management of valuable forests. Our results are important in
being to base the management work concerning coarse dead
wood in oriental beech forests for places where the ecological
conditions of the area where the research is conducted are
represented. Further and much more detailed work is needed on
the assessment of the deadwood resource in unmanaged and
managed beech forests in the present study region. It would also
be informative to then undertake detailed assessments of critical
indicators of deadwood and its quality for key species for
biological diversity. This research may support this process.
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