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Abstract

Deadwood is one of the important components of forest ecosystems since it is con-
sidered as an indicator of resource availability and biodiversity, an important carbon 
stock, and habitat for insect and fungal species. Removal of dead trees from forests 
may result in the elimination of many species, and also reduce the number and densi-
ty of species. Trojan fir (Abies nordmanniana subsp. equi-trojani) is known to be rich in 
species composition; however, our knowledge on the amount and type of deadwood 
(i.e. standing or lying) in these forests is limited. Thus, in this study, deadwood quan-
tity and type in Trojan fir forests were determined. In addition, less is known about 
the factors that influence the amount of deadwood volume; therefore, the effects of 
stand type, elevation (m), aspect, quadratic mean diameter (QMD) (cm), basal area 
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(BA) (m2 ha-1) and stand volume (m3 ha-1) on deadwood volume were also observed. 
Stand type, QMD and BA significantly affected the volume of deadwood in Trojan fir 
forests while stand volume, elevation and aspect had no influence on the deadwood 
volume. In comparison to the values in the literature, the amount of deadwood ob-
served seems to be acceptable across all stand types. Given the initial results from 
this study, it can be recommended that large scale deadwood assessments are nee-
ded in Turkey, and it can be combined with the current inventory system. 

1. Introduction

Deadwood is a general term used to define dead or dying trees that are fallen on the 
ground (logs) or standing (snags) in forest ecosystems (Mark et al. 2006). Deadwood 
is considered vital for the conservation and sustainability of biodiversity in forests 
(Samuelsson et al. 2005), and it is also important source for many microorganisms to 
survive (Junninen et al. 2006; O´dor et al. 2006; Ulikzka and Angelstam 2000; Davies et 
al. 2008; DeMaynadier and Hunter 1995; Martin and Eadie 1999; Sullivan and Sullivan 
2001). Deadwood also plays a key role in the growth, survival and establishment of 
understory seedlings by increasing water holding capacity of the soil, and enhancing 
seedbed for germination (Christensen et al. 2005). In addition, since forests are one of 
the biggest carbon (C) pools on the earth and they are crucial for carbon sequestra-
tion, decomposition of deadwood in forests plays a key role in its C cycle (Weggler et 
al. 2012; Köster et al. 2015). Therefore, more detailed data on deadwood is needed to 
study its impacts on biodiversity, C stocks, regeneration, etc.

Recently, the role of deadwoods in sustainability of biodiversity has been studied in 
different countries (Christensen et al. 2005; Davies et al. 2008). It has been suggested 
that higher amount of deadwood usually results in higher resource availability, and 
consequently, higher number and density of species (Bassler and Müller 2010; Mül-
ler and Bütler 2010). Recently, the influence of deadwood on forest establishment 
and biodiversity has gained recognition among scientists (Hunter 1990; Jonsson et al. 
2005; Atıcı et al. 2008). These studies have been usually focused on the composition 
and dynamics of dead trees and their interactions with animals, plants, insects and 
fungi (Harmon et al. 1986; Fridman and Walheim 2000; Siitonen 2001; Fraver et al. 
2002; Laiho and Prescott 2004; Steephenes and Moghaddas 2005; Çolak et al. 2009; 
Atıcı et al. 2008). Due to increasing interest on the sustainable forestry and conserva-
tion of biodiversity, there should be more effort to increase the amount of deadwoods 
in managed forests (Kirby et al. 1998; Christensen et al. 2005; Marage and Lemperiere 
2005). The importance of deadwoods for biodiversity has been globally accepted, 
but guidelines on this aspect of forest management have been limited (Müller and 
Bütler 2010). Inventory of deadwood in varying stand structures and determination 
of factors that influence the amount of deadwood seem to be necessary for future 
planning, conservation of biodiversity, and carbon cycle. 
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Trojan fir (Abies nordmanniana subsp. equi-trojani) is a shade tolerant tree species 
demonstrating uneven-aged structures in vast areas in Turkey (Güner et al., 2012). 
This species mostly occurs at elevations ranging from 100 to 1800 m. Trojan fir can 
be found as pure and mixed stands in Turkey, and covers an area of approximately 
670.000 hectare which is 3.1% of the total forested land in the country (General Di-
rectorate of Forestry 2014). This species is considered as one of the most important 
tree species of Turkey due to its high-quality timber as well as its aesthetic values in 
the landscapes (Sevik 2012). Trojan fir can survive under canopy for a prolonged time 
without losing its growth potential (Saraçoğlu 1988). 

Forests in Turkey are considered rich in biodiversity; thus, there is a need for new sil-
vicultural prescriptions that ensures biodiversity conservation while producing high 
quality timber (Çolak et al. 2009; Kurt et al. 2015). Although there has been an increa-
sing interest on the retention of deadwoods worldwide, current studies on the dead-
wood in Turkey has been limited (Ulbrichova et al. 2016). To our knowledge, there has 
not been enough research on the investigation of the amount and type of deadwood 
in Trojan fir forests. In addition, it has been stated that amount of deadwood depends 
on several factors including tree species, stand type, stand age, site index, aspect, 
elevation, forest management activities, wood quality and the speed of decomposi-
tion (Simila et al. 2003; Heilmann-Clausen and Christensen 2004; Fischer 2008). Thus, 
in this study, our main objectives were to 1) determine the deadwood quantity and 
type in Trojan fir forests, and 2) observe the influences of stand type, elevation (m), 
aspect, quadratic mean diameter (QMD) (cm), basal area (BA) (m2 ha-1) and stand vo-
lume (m3 ha-1) on deadwood volume. With the obtained data, we aim to enhance our 
knowledge about deadwood that is important for the biodiversity of Trojan fir forests 
in Turkey. This study will also help make better decisions in silvicultural prescriptions, 
and encourage future deadwood studies within the region. 

2. Materials and methods

2.1 Study area

This study was conducted in the Küre Forest Planning Directorate (KFPD) located in 
Kastamonu, Turkey. KFPD covers an area of approximately 142.000 hectare; 69% of 
the total area is forested while agricultural, pasture and residential areas cover 25, 
4 and 2 % of the total area, respectively. The forests in Küre are dominated by Tro-
jan fir trees, and mostly pure with varying stand structures. These forests have been 
commonly managed using selection silviculture. The area is located within the Euro-
Siberian fito geographic region (Çolak et al. 2009), which is represented by the forests 
that composed of broad-leaf and needle-leaf trees. Research area shows the typical 
characteristic of terrestrial Black Sea climate with cold winters and rainy summers. 
Average annual precipitation is approximately 900 mm. Within the study area, brown 
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forest soil types are common. Scots pine (Pinus sylvestris L.), European aspen (Populus 
termula L.), European hornbeam (Carpinus betulus L.), bitter willow (Salix elaeagnos) 
and Oriental beech (Fagus orientalis) are other common tree species in the study. Sal-
via glutinosa L., Verbascum eriocarpum, Primula vulgaris and Rosa dumalis are some of 
the understoy plants within the study area. 

2.2 Plot design

In Turkey, uneven-aged Trojan fir stands are divided into four categories (GA, GB, GC 
and GD stands) based on the stand structures (Eraslan 1982). GA stands are old un-
even-aged fir stands, close to optimum (i.e. sustainable diameter distribution-that 
is to say number of trees in each diameter class) and contain mostly large diameter 
trees. GB stands are young uneven-aged stands, and they mostly consist of small size 
fir trees. Compared to the optimum, GC stands contain mostly middle to large dia-
meter trees, and they usually present even-aged structures with one canopy tier. GD 
stands lack of middle size trees, and contain mostly small and large diameter trees 
with uneven-aged structure (Eraslan 1982). In the study area, potential stands with 
different stand structures (i.e. GA, GB, GC and GD) were determined from managed 
Trojan fir forests within the five Forest Planning Units of KFPD in 2012. Then, 10 study 
plots were randomly installed within each stand type (i.e., 4x10=40 plots in total). 
Study plots were in size of 0.25 ha (50x50 m) as suggested by Atici et al. (2008) (Figure 
1). 

Figure 1: Trojan fir distribution range and the location of the research area (Bizimbitkiler, 2017)
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2. 3 Measurements and analysis

Elevation and aspect of each study plot were recorded. In addition, QMD and stand 
BA were estimated following the measurements of diameters at breast height (dbh) 
of all standing live trees with a dbh of 5 cm and greater within each study plot. Tree 
height was measured, number of trees per ha was recorded and stand density index 
(SDI) (Reineke 1933) was calculated for each study plot.

In practice, deadwoods are usually classified as standing deadwood (SDW) (i.e. snags) 
or fallen deadwood (FDW) (i.e. logs) (Mark et al. 2006). SDW was divided into 2 cate-
gories; SDW1 and SDW2 (McComb and Lindenmayer 1999; Mark et al. 2006). SDW1 
refers to the standing dead trees with a dried up and intact top while SDW2 refers 
to the standing dead trees with a sloughed off bark and broken top (McComb and 
Lindenmayer 1999; Mark et al. 2006). FDW was also divided into 2 categories; FDW1 
and FDW2 (McComb and Lindenmayer 1999; Mark et al. 2006). FDW1 represents to the 
recently fallen dead trees while SDW2 refers to the rotten fallen dead trees (McComb 
and Lindenmayer 1999; Mark et al. 2006). For the coarse deadwoods, a tree with a 
diameter of 10 cm and above is used as the standard size in practice and scientific 
studies. (Swanson et al. 1976; Ranius et al. 2003; Norden et al. 2004; Webster and Jen-
kins 2005; Lipan et al. 2008; Atıcı et al. 2008; Beets et al. 2008; Çolak et al. 2009). De-
adwood with a diameter smaller than 10 cm is not as important as coarse deadwoods 
(Coomes et al. 2002; Norden et al. 2004; Beets et al. 2008; Lipan et al. 2008; Çolak et al. 
2011), therefore, deadwoods smaller than 10 cm in diameter was not included in the 
analysis in this study (Comes et al. 2002; Norden et al. 2004; Beets et al. 2008). 

In order to calculate volume of living wood (LW) (m3 ha-1) and SDW1 (m3 ha-1) in each 
plot, height (h) and dbh of trees were recorded. The volume tables for Trojan fir crea-
ted by Miraboglu (1955) were utilized when estimating LW and SDW1. Volume of 
SDW2 trees was estimated as the sum of the standing part and fallen parts of same 
trees on the ground using the equation 1 (Husch et al. 1993).

where L1 is length of upper part, L2 is length of lower part, d is the diameter of the top 
of the lower part, D is the diameter of the end of the upper part, Dg is diameter at the 
ground level. FDW was calculated using the equation 2 (Patterson et al. 2007). It has 
been stated that equation 2 is insensitive to the changes in species and site (Çolak et 
al. 2009).
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where Ds is the diameter at the small end, Db is the butt end diameter, and L is the 
length of the log. When there was a stem deformation, the diameter at stump height 
(dsh) (d0.3) was measured, and then dbh was calculated using the relationships bet-
ween dbh and dsh. Total deadwood (TDW) (m3 ha-1) was calculated as the sum of 
SDW and FDW. In addition, TDW/LW ratio (%) was calculated for each plot. 

Influence of stand type, elevation, aspect, QMD, BA and stand volume on deadwood 
volume were determined using multiple linear regression with the R programming 
language (R Development Core Team 2010). A mixed-effect model that incorpora-
ted stand type, elevation, aspect, QMD, BA and stand volume as a fixed-effect and 
plots as random effects was used to calculate the significance of the values. Multiple 
comparisons of means of stand types were done using the Tukey’s method in the R 
programming language (R Development Core Team 2010).

3. Results

Descriptive statistics of parameters including elevation, QMD, BA, total stand volume, 
total deadwood volume, tree height, stem number per ha and SDI were given in Table 
1. Average deadwood volume was 8.9 m3 ha-1 across all study plots (Table 1). Given 
the total acreage of the study area, in average, approximately 1,264,000 m3 of dead-
wood seems to be present within the study area.

 
Table 1: Descriptive statistics of parameter used for their influence on the total deadwood volume.
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Table 2 shows all deadwood classes including SDW1, SDW2, FDW1 and FDW2, as well 
as TDW, LW and TDW/LW ratios in different stand types (i.e. GA, GB, GC and GD) 
of Trojan fir forests. The amount of FDW ranged from 1.67 to 8.34 m3 ha-1 (average  
3.49 m3 ha-1) across all stand types; largest FDW was observed in GA followed by GD 
and GC, while lowest FDW was in GB (Table 1). SDW and TDW values demonstrated 
the same pattern; we observed the largest SDW (9.95 m3 ha-1) and TDW (18.29 m3 ha-1) 
in GA followed by GD and GC, and the lowest in GB (1.65 and 3.38 m3 ha-1, respecti-
vely) (Table 1). As for LW, the highest LW value (337.2 m3 ha-1) was monitored in GA 
followed by GD and GB, and the lowest (225.3 m3 ha-1) in GC (Table 1). TDW/LW ratio 
ranged from 0.01 to 0.05 (average 0.03) across all stand types; it was biggest in GA 
followed by GD, GC and GB. 

Table 2: Quantitative description of deadwood classes (m3 ha-1) and LW (m3 ha-1), and TDW/LW ratio 
(%) for each forest type. FDW is fallen deadwood, SDW is standing deadwood, LW is living wood, and 
TDW is total deadwood.

Since some studies highlighted the importance of deadwood diameter (Bouget et 
al. 2014), we divided deadwood volume into 2 classes; small deadwood and large 
deadwood as suggested by Bouget et al. (2014). Table 3 gives the average deadwood 
volume for each stand type based on deadwood diameters. 

Table 3: Average deadwood volume (m3 ha-1) for each stand type based on deadwood diameters
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When the total volume of deadwood and living wood were compared across all stand 
types, it was found that there was a statistically significant relationship between the 
deadwood volume and living wood volume (p=0.012). However, it can be seen on 
the Figure 2a that deadwood volume did not significantly change (ranging from 1 to 
10 m3 ha-1) with increasing stand volume until the stand volume reaches approxima-
tely 300 m3 ha-1 (Figure 2a). In denser stands, total deadwood increased with increa-
sing stand volume (Figure 2a). In addition, we also observed a statistically significant 
relationship between QMD of stand and total volume of deadwood (p=0.026) (Figure 
2b), between BA and total volume of deadwood (p=0.035), and between SDI and 
total volume of deadwood (p<0.05) in Trojan fir forests. There was no significant in-
fluence of either elevation or aspect on the total volume of deadwood (p=0.204 and 
p=0.214 for elevation and aspect, respectively) (Figure 2c). The two plots with fairly 
high deadwood volume (Figure 2) were from GA plots which contain mostly large 
diameter trees. Because average dbh and height of dead trees were substantially 
high (46.5 cm and 20 m, respectively) within these GA plots, they seemed to be away 
from the distribution. It is likely that these plots may simply be within the inherent 
range of variability in GA stands, thus, they were retained in the analysis.

Figure 2: Relations between deadwood volume and (a) living wood volume, (b) stand QMD, and (c) 
elevation.

Stand type has a significant influence on the total volume of deadwood in Trojan fir 
forests (p<0.0001) (Figure 3). In addition, when we observed the influence of same 
parameters (i.e. stand type, elevation, aspect, QMD, BA and stand volume) on the 
volume of given deadwood categories (i.e. FDW1, FDW2, SDW1 and SDW2), we deter-
mined that QMD significantly affected the volume of FDW1, SDW1 and SDW2. Tukey 
multiple comparisons of means showed that there were significant relationships bet-
ween GA and GB (p=0.0001), between GA and GC (p=0.0004), and between GA and 
GD stands (p=0.009). No significant relationships were observed between GB and GC 
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(p=0.901), between GB and GD (p=0.285), and between GC and GD stands (p=0.673).

Figure 3: Relation between deadwood volume and stand types.

 

4. Discussion

This study aimed to determine whether present conditions in Trojan fir forests provi-
de sufficient amount of deadwood. Utschik (1991) and Scherzinger (1996) stated that 
the volume of deadwood should be between 1-3 m3 ha-1 in managed forests for bio-
diversity. Studies conducted in Finland, Sweden, Germany, France, Belgium, and Swit-
zerland have showed that the average TDW volume in managed forests is less than 
10 m3 ha-1 (Christensen et al. 2005). Our average TDW value (8.88 m3 ha-1) seems to be 
relatively high, and it can be considered satisfactory given the values in the literatu-
re (Ammer 1991; Utschik 1991). The amount of deadwood in unmanaged forests is 
usually between 5 and 30% (Fridman and Walheim 2000). It has been suggested that 
the minimum amount of deadwood in a managed forest changes depending on the 
site, but it should be around 1-2% of the whole yield (Ammer 1991). An average of 3% 
of the TDW/LW ratio observed in this research also indicates that our TDW/LW ratio 
was mostly within the suggested range, and relatively higher than the recommended 
value of 1-2% (Table 2). In addition, Albrecht (1991) stated that there should be 2-5 
dead trees per hectare to maintain sustainable biodiversity in managed forests. In 
this study, we observed a significantly higher number of dead trees per hectare (27 
trees ha-1 in total, and 16 trees ha-1 as snags) than suggested range. It has been recom-
mended that biodiversity level of a forest is associated with the amount of deadwood 
volume it contains (Bartoli and Geny 2005; Debeljak 2006; Bassler and Müller 2010; 
Müller and Bütler 2010).
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Although biodiversity of a forest is associated with the amount of deadwood volu-
me it contains (Bartoli and Geny 2005; Debeljak 2006; Böhl and Brändli 2007; Bassler 
and Müller 2010; Müller and Bütler 2010), the amount of varying types of deadwood 
(i.e. snags or fallen trees) is also essential for specific objectives. For example; Ammer 
(1991) pointed out the importance of snag volume in a stand, and suggested a dead-
wood volume of 5-10 m3 ha-1 with at least 50% as snags for bird conservation. In our 
study, percentage of snags (i.e. standing deadwoods) was 61% of the total deadwood 
volume, which seemed to be satisfactory for wildlife conservation. In addition, some 
studies highlighted the importance of deadwood diameter (Bouget et al. 2014). Our 
deadwood volumes by diameter groups (i.e. small and large deadwood) are consis-
ted with the stand structure. For example, GA stands mostly consists of large trees, 
thus, we observed most large deadwood (i.e. deadwood larger than 40 cm in dia-
meter) in this stand type. It has been suggested that large deadwood can enhance 
biodiversity in an ecosystem (Bouget et al. 2014). On the other hand, there was no 
large deadwood in GB stand type because these stands consist of small diameter fir 
trees. Given these observations, GA and GD stands can exhibit more diverse conditi-
ons compared to GB and GC. 

Since Trojan fir forests have been managed using selection silviculture under high 
residual stand density (Odabaşı et al. 2004), it is possible to observe density-related 
mortality resulting in high or satisfactory amount of deadwood volume in these fo-
rests. This was substantiated by our findings as BA, QMD and SDI significantly influ-
enced the amount of deadwood volume across all stand types. In addition, the signi-
ficant relationships between the living wood volume and deadwood volume (Figure 
2) support the assumption that the amount of deadwood volume can be attributed 
to the density-related mortality in Trojan fir forests. Atici et al. (2008) stated that stand 
volume above 100 m3 ha-1 may increase the risk for insect damage in some forest ty-
pes indicating the indirect effects of stand density on the amount of deadwood volu-
me. Moreover, it has been recommended that silvicultural treatments and harvesting 
can directly and indirectly impact the quantity, quality, and dynamics of deadwood 
resources (Müller- Using and Bartsch 2003; Saniga and Schütz 2001). Because selec-
tion methods and other types of partial cuts are considered higher risk of damage 
to residual trees due to more frequent disturbances in these methods (Lamson et al. 
1985), they may have affected the amount of deadwood volume in Trojan fir forests 
as well. Conversely, it is likely that even-aged silvicultural systems may result in less 
amount of deadwood due to higher amount of removal and lower stand densities in 
these systems.

Harmon et al. (1986) stated that the amount of deadwood is usually lower in mana-
ged forests compared to unmanaged old-growth forests because managed forests 
usually lack of large size trees. Our findings substantiate this statement. It should be 
noted that GA stands refers to old uneven-aged fir stands that are close to optimum, 
and contain mostly large diameter trees. Even though GA stands are also managed, 
high number of large diameter trees creates relatively higher amount of deadwood 
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volume in these stands. At the other end of the spectrum, GB stands, which mostly 
contain young and small size trees, had the lowest amount of total deadwood due 
to the scarcity of large and old trees in GB stands. It has been aimed to increase the 
amount of deadwood in managed forests (Christensen et al. 2005; Marage and Lem-
periere 2005), but present silvicultural prescriptions seem to be favorable to obtain 
adequate amounts of deadwood in managed GA stands in Turkey. Our findings also 
recommend prescriptions that aim to keep some large and old fir trees as reserve 
during regeneration process so that young stands (such as GB stands) can contain 
sufficient number of dead trees. 

5. Conclusions

With comprehensive researches, introduction of new silvicultural prescriptions and 
regulations regarding deadwood volume seems to be vital in forest of Turkey. The 
preliminary data presented in this study aim to broaden our understanding of how 
stand parameters such as stand type, BA and QMD influence the amount of dead-
wood volume in Trojan fir forests in Turkey. In addition, the current data also help for 
future silvicultural prescriptions that aim to ensure sustainable biodiversity conserva-
tion while producing high quality timber. Given the values in the literature, our data 
may suggest that the Trojan fir forests already exceed the recommended deadwood 
volume. But, future monitoring is required to determine how and when the amount 
of deadwood volume reaches the acceptable levels in young Trojan fir stands. In addi-
tion, further studies on the assessment of deadwood in unmanaged Trojan fir stands, 
as well as its comparison with managed stands, are also recommended. Finally, ma-
nagers need to monitor the effectiveness of their management plans so that they can 
adjust prescriptions using a responsive management approach.
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