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Abstract

The ecological significance of deadwoods has led to an ever-increasing collection of related information to
be taken into account in management plans. The Coarse woody debris (CWDs) is a significant component of
forest ecosystems. Here, managed and one unmanaged forest stands were selected in Gorazbon district of
Kheyrudkenar Experimental Forest, Noshahr, Mazandaran Province, Iran. Based on the full-calipering
inventory method, CWD attributes were collected in both stands. The distribution pattern of CWD was
evaluated using univariate O-ring statistics. Results showed that the highest and lowest decay classes in two
forest stands were 3-6 and 1-2, respectively. Results from distribution pattern analysis showed a random
distribution pattern of CWD in the managed forest stand. Overall, the unmanaged forest stand with 3-6 decay
classes showed a random distribution pattern of CWD. Conclusively, disturbances in the managed and the
unmanaged forest stands occur in small scales.

Keywords: CWDs; Decay classes; Distribution pattern; O-rings statistic.

1. Introduction 2009), internal competition, including intra-

Distribution pattern of plants is one of the most
important aspects of plant ecology. The spatial
distributions of tree species in forests and their
influencing mechanisms have always been a
crucial research topic, as such information can
help us to understand the potential ecological
processes that control species coexistence and
community  structure.  Furthermore, spatial
distribution can also be affected by differences in
functional traits (e.g., growth form, shade
tolerance, and seed dispersal limitation) and
ecological strategies (Du et al., 2017).
Distribution pattern of plants is influenced by
natural and human disturbances (Sanchez et al.,

specific and inter-specific competition (Stoll &
Bergius, 2005), regeneration (Fajardo et al., 2006)
and mortality (Barot et al., 1999). Deadwoods are
divided into two main types: standing deadwood
(SDW) and downed deadwood (DDW).
Deadwood contributes to ecosystem stability,
enhances forest products (Dudley et al., 2004;
Kajar et al., 2015) and plays an important role in
the habitat quality for the sustainability of
organisms. The best-preserved deadwood for
biodiversity is Coarse Woody Debris (CWDs)
(Hopkins et al., 1984) which are an important
component of forest ecosystems (Helfenstein &
Kienast, 2014; Thomas & Druscilla, 2012; Stella
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et al., 2016; Stella et al., 2015; Forrester et al.,
2012). Several reports have been provided on
CWDs. A study in Canada indicated that CWDs
play a very important role in biodiversity
conservation (Thomas & Druscilla, 2012). In
another study, CWDs in managed ecosystems are
found to increase biodiversity, the size of gaps
and regeneration (Nicholas et al.,, 2011).
According to reports from the United States,
CWDs are very important in determining the
structure and composition of  forest
ecosystems (Woodall et al., 2008; Matthew et al.,
2015). Also, the evolutionary stages of young
forests, natural disturbances, and human-induced
turmoil play an important role in the
characteristics of CWDs in these forests (Yuan et
al., 2014). According to Mataji et al. (2014), The
frequency and volume of deadwood depend on the
natural disturbance pattern, developmental stages
and stand structure. Further, Khalili et al. 2019
showed higher frequency of deadwood in
managed forest stand compared with the
unmanaged forest stand, whereas higher volume
of deadwoods was observed in unmanaged forest
stand. Several studies have been carried out to
estimate the rates of deadwood and their decay
rates. In Gorazbon Khayrud series near Noshahr,
about one-fifth of the total volume of deadwood
consist of snags, while half of them were in the
early stages of decay (grade 1 and 2) (Rahanjam
et al., 2018) and 72% of the deadwood was in
decay classes 3 and 4 (Sefidi, 2012; Sefidi &
Marvi-Mohajer, 2010). According to Hang chang
et al. (2001), harvesting and gathering of fallen
trees and snags from the forest floor would have a
negative effect on the density of seedlings in the
forests in the northern part of Taiwan. The
distribution patterns of points belonging to one of
the random states are Coupé (cluster) and regular
(uniform) (Jayarman, 2000). On the one hand, the
random patterns of a population refer to
environmental homogeneity or non-selective
behavioral patterns. On the other hand, non-
random patterns (cluster and uniform) implicitly
imply some limitations in the population (Quinn
& Dunham, 1983). A uniform distribution of
negative countermeasures such as competition for
food or space has been achieved. Obviously,
defining a pattern and explaining possible causes
are two separate issues (Quinn & Dunham, 1983).
In unmanaged forests, clustered and individual
distributions of snhags and CWDs have been
reported, whereas it was cluster-dominated in

managed forests as a result of storms (Bottorff,
2009). Moreover, forest processes and patterns are
very important for forest researchers and
managers in surveys (Matthew et al., 2015).
Considering the importance of CWDs in forest
ecosystems, the aims of this study was to compare
the status of CWDs in managed and unmanaged
forests and to investigate the effect of
management on distribution pattern of CWDs and
decay classes.

2. Materials and Methods

2.1. Study area

The research area, covering 950 ha, was
located in the experimental forest of
Kheirudkenar-Nowshahr as a part of Hycanian
forests in north of Iran (Figure 1).

In the managed forest stand, management
activities (thinning/harvesting) were implemented
since 2010, while no management activities have
been taken place so far in the unmanaged forest
stand (protected stand).

The altitude ranges between 1150 and 1350 m
and the mean slope is 30% on the southwest-
facing. The average annual temperature and
rainfall are 15.9°C and 1300 mm, respectively. In
both northern and southern aspects with a slope of
0 to 50%, the structure of the stands includes high
forest, uneven-aged, irregular, with a dominant
type of beech-Hornbeam (Fagus orientalis -
Carpinus betulus) and ca. 90% canopy cover with
a relatively intermediate regeneration. The
geological structure of the study stand consists of
limestone of the second period of the Jurassic
era. Major of  the soil is  Alfisol
and Inceptisol. According to the information of
the nearest weather station to the region (Noshahr
Climatology  Station), the mean annual
precipitation is 1,300 mm, with minimum and
maximum rates in July and October, respectively.
The warmest month is August with a mean
temperature of 29.2 °C and the coldest month is
January with a mean temperature of 15.9°C
(Anonymous, 2010).

2.2. Methodology

Historical studies within the test site illustrated
that some of areas including 4 unmanaged and
managed parcels with approximately 50 ha (after
decreasing side effects of neighbor area) represent
the least human influence and have been
categorized as virgin forests. These areas were
considered as study area and all CWD (SDWs and
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DDWs) with an average middle diameter more
than 7.5 cm (Vasile et al., 2017) was recorded. In
this study, only CWDs of Fagus orientalis were
sampled. The distance-azimuth method (Meour,
1993) was used to determine the position of the all
CWD:s in the study area. Each CWD was mapped
using slope-corrected distance and azimuth from a
reference point (i.e., precise coordinates of
distinct points on the forest road). Then, these
distances and azimuths were transformed into
Cartesian coordinates. Diameter at breast height
and height for SDWs and the average diameter

(cm) and their length (m) for DDWs were
measured and recorded. For non-circular cross-
sections of CWD, especially in the higher decay
stages, diameter was measured by tape. Based on
diameter size, the measured CWDs were

classified in small (7.5-32.5cm), medium (32.5-
52.5cm), and large (> 52.5 cm) (Sagheb-Talebi &
Schutz, 2002). The degree of CWDs decay
(SDWs and DDWs) was determined using the
modified proposed method of Christensen &
Vesterdal (2003) (Table 1).
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Figure 1. Geographic location of the study area in Kheyroud Educational-Research Forest.
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Table 1. Decay classification for CWDs (Modified from Christensen & Vesterdal (2003).
Decay phases Bark Twigs branches Softness Surface Shape
mislsri]rtlacér?lr in hard or knife covered by
D1 gonly present penetrate 1-2 bark, outline circle
small patches, mm intact
more than 50%
_— only branches hard or knife .
missing or less smooth, outline .
D2 (>3 cm) penetrate less - circle
than 50% intact
present thanlc
begin to be smooth or
D3 missin missin soft, knife crevices circle
g g penetrate 1-5 present, outline
cm intact
. large crevices,
. . soft, knife small pieces circle or
D4 missing missing penetrate more . -
missing, eliptic
than 5 cm 0
outline intact
soft, knife farge pieces
. . missing, .
D5 missing missing penetrate more li | flat eliptic
than 5 cm outline partly
deformed
soft, partly L
D6 missin missin reduced to outline hard to (f:)a\}eerlelgtl:)c
9 9 mould, only define soil y

core of wood

To determine the distribution pattern of CWDs,
the univariate O-ring statistic as a probability
density function was applied in Programita
software (Wiegand & Moloney, 2004).

Wiegand & Moloney (2004) suggested the use
of O-ring statistics that is generally used as a useful
complement to the K- Ripley function. The K
function may only apply to a given distance, while
the O-ring statistic enable detecting density and
dispersion at a hypothetical distance. The use of the
O-rings statistic has been emphasized to be more
useful in studying the distribution pattern than the
K- Ripley function and its linear form, the L-
function. Considering the advantage of the O-ring
statistic, this is a probability distribution function
by describing neighbor density and adjacent points,
the power of pattern discovery, analysis and
interaction increase with respect to the cumulative
K function (Stoyan & Penttinen, 2000). Replacing
rings in O(r) instead of circles in the K function
enables the statistics to detect different spacing
patterns (lllian et al., 2008; Wiegand & Moloney,
2004). Thus, One-variable O-rings statistic issued
to indicate the distribution of species (random,
clustered, and regular) according to Eq. 1.

o(r) = A g(r) 1)

Where, O(r) is a single-variable statistic for O-
ring; A is density (number per stand unit), and g(r)

is derived from the K-Ripley function.

In a complete randomized pattern, O(r) = I and
O(r) > | indicate the clustering of the pattern at r,
and O(r) < | indicates the regular pattern.

The simplest zero assumption that is widely
used in the analysis of a single-variable spatial
pattern is a complete randomized pattern that can
be considered as a homogeneous Poisson process.
(Wiegand & Moloney, 2004) To test the zero
assumption and find a significant difference, the
results obtained from O(r) are compared at a
probability level with Monte Carlo simulation. If
the values of O(r) are placed within the Monte
Carlo range, then the zero assumption is confirmed,
while the zero assumption is rejected if the values
are outside the Monte Carlo range. In the present
study, 99 Monte Carlo simulations were performed
and the spacing of 100 meters was used to calculate
the univariate O(r) statistic. This distance is
typically equal to half of the length of the small
side of the piece (Woodall & Graham, 2004). In
this research, the distance of more than 100 meters
was also investigated, but the results were
presented only up to 100 meters, since the spatial
pattern for the univariate functions did not change.
All calculations related to the determination of O-
ring statistics were performed using Programita
software (Wiegand & Moloney, 2004).
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3. Results density of CWDs belong to the small diameter
3.1. Descriptive analysis class (n=188; 3.76 ha') in both managed and
The abundance and density (per ha) of CWDs unmanaged forest stands. The second frequent and

in three diameter classes are presented in Table 2. denser CWD diameter class was the large and

Results revealed that both highest abundance and very large class. (n=69; 1.38 ha™).

Table 2. Number of CWDs pieces by diameter classes.

Forest stands
Diameter class Range (cm) Managed (25 ha) Unmanaged (25 ha) Total
SDW DDW SDW DDW

Small 75-325 91 [3.64] 41[1.64)] 28[1.12)] 28[1.12] 188 [3.76]
Medium 325-525 11[0.44] 29 [14.5] 2 [0.08] 15 [0.6] 57 [1.14]
Large and very large >52.5 21[10.5] 12 [0.48] 15 [0.6] 2110.84] 69 [1.38]
Total diameter class 123 [4.92] 82 [3.28] 45[1.8] 64 [2.56] 3146.28]
Total CWDs 205 [8.2] 109 [4.36] '
Number inside the brackets: CWDs per hectare, SDW: standing dead wood, DDW: downed dead wood

The abundance and density of CWDs based on two forest stands respectively. On the other hand,
decay classes are shown in Table 3. In Figure 2, the managed forest stand (205; 8.2 ha') was
different stages of CWDs decay are presented. The associated with both more frequent and denser
results show that the decay classes of D4 (109) and CWDs in comparison to unmanaged forest stand
D1 (4) represent the highest and lowest CWDs in (109; 4.36 ha™).
Table 3. Number of CWDs by decay grade.

Forest stands
Decay classes Managed (25 ha) Unmanaged (25 ha) Total
SDW DDW SDW DDW

D1 3[0.12] 1[0.04] - - 4 [0.08]
D2 4[0.16] - 3[0.12] 3[0.12] 10[0.2]
D3 51[2.04] 6 [0.24] 14 [0.56] 20[0.8] 911[1.82]
D4 52 [2.08] 25 [1] 19 [0.76] 13[0.52] 109[2.18]
D5-D6 13 [0.52] 50 [2] 9[0.36] 28[1.12] 100[2]
D1-D6 123[4.92] 82 [3.28] 45[1.8] 64 [2.56]
Total CWDs 205 [8.2] 109 [4.36] 31416.28]

Number inside the brackets: CWDs per hectare, SDW: standing dead wood, DDW: downed dead wood

SDWs 2

DDWs

Figure 2. Different stages of CWDs ecay.
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3.2. Distribution pattern analysis

3.2.1. Unmanaged forest stand

The results of the CWDs distribution pattern
of beech using O-ring statistic is summarized in
Figure 3. It shows its distribution within Monte

0.04 4

CWDs distribution pattern
0. 03 ,,,,,,,,,,,,, O-r Statistic
Monte Carlo limits

0.02

0.01

0 Ll
0 20 40 60 80 100

Distance (m)

Carlo limits and indicates a random distribution of
CWDs pattern in unmanaged forest stand. In
addition, the O-r value of DDW and SDW were
also shown to fall within Monte Carlo limits.
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Figure 3. Distribution pattern of beech CWDs in the unmanaged forest stand.

Figure 4 shows the distribution pattern of
CWDs in the unmanaged forest stand based on
diameter class size of beech. Results shows that
for unmanaged forest stand the O-r values in the
statistical distances occurred within Monte Carlo
limits in the case of small and large-very large

R
0-12 4 Small class diameter CWDs distribution

pattern
008 F O-r Statistic

Monte Carlo limits

0.04

Distance (m)

diameter class sizes. This revealed a random
distribution of CWDs in this forest stand. In other
diameter class sizes, no distinct distribution
pattern was observed because of the low numbers

of CWDs.

0.04 , .
Large & very large class diameter CWDs
0.03 distribution pattern
,,,,,,,,,,,,,, O_r StatlSth

0.02 Monte Carlo limits
0.01

0

Distance (m)

Figure 4. Distribution pattern of beech CWDs based on diameter classes in the unmanaged forest stand.
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Furthermore, results of the CWDs distribution
pattern of beech in the unmanaged forest stand are
shown in Figure 5, which revealed that CWDs
of beech in decay classes of 3,4 and 5 follows a
random distribution as the O-r values fall within
Monte Carlo limits. The CWDs in other decay
classes do not follow a specific distribution
pattern.

3.2.2. Managed forest stand

The distribution pattern of CWDs for beech in
the managed forest stand based on O-r statistic is
presented in Figure 6. Results showed a random
distribution for the CWDs. The O-r values relative
to the Monte Carlo limits also suggested random
distribution of DDWs in the managed forest stand.
Similar trend was observed for SDWs distribution

as well.
0.08 . 0.08 e
4 Decay grade 3 CWDs distribution pattern Decay grade 5 CWDs distribution pattern
0.06 s O-r Statistic 0.06 s O-r Slatistic
0.04 Monte Carlo limits ~ 0.04 Monte Carlo limits
0.02 0.02
0 0 : >
0 20 40 60 80 100 0 20 40 60 80 100
Distance (m) Distance (m)
0.08 T
4 Decay grade 4 CWDs distribution pattern
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0.04 Monte Carlo limits
0.02
0
0 20 40 60 80 100
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Figure 5. Distribution pattern of beech CWDs based on decay classes in the unmanaged forest stand.
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Figure 6. Distribution pattern of beech CWDs in the managed forest stand.
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Distribution pattern of beech CWDs within
diameter size classes (Figure 7) revealed the
random distribution of CWDs in small, medium
and large-very large diameter classes of managed
forest stand, since all statistical distances of O-r
were within the Monte Carlo limits.

The distribution pattern of beech CWDs in the

0.1 . L
4 Small class diameter CWDs distribution
0.08 pattern
oo £ O-r Statistic
Monte Carlo limits

0.04
0.02

0

40 60
Distance (m)

80 100

0.06

managed forest stand was also evaluated based on
decay classes (Figure 8), which indicated a
random distribution pattern in the managed forest
stand within decay classes of 3, 4 and 5,
respectively. However, CWDs in other decay
classes did not follow a specific distribution
pattern.

0.05 . . e
4 Medium class diameter CWDs distribution
0.04 | pattern
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Monte Carlo limits
0.02
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40
Distance (m)
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Figure 7. Distribution pattern of beech CWDs based on diameter classes in the managed forest stand.
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Figure 8. Distribution pattern of beech CWDs based on decay classes in the managed.
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4. Discussion

This study evaluated the distribution pattern
of beech CWDs based on diameter and decay
classes using the O-ring statistic in a part of
Hyrcanian Forests of Iran. Results showed that
small diameter classes had the highest amount of
CWDs in both managed and unmanaged forest
stands (Figure 2). The intraspecific competition in
early stages growth of beech (in particular for
light) and consequently the removal of trees are
known as the main causes of frequent CWDs in
small diameter class compared with other
diameter classes. This is consistent with the
results reported by Amiri et al. (2013).
Furthermore, the higher frequency of CWDs in
the managed forest stand and especially in small
and medium classes diameter class as compared
with unmanaged forest stand is due to
unsustainable forest exploitation and logging
practices. The share of CWDs in large and very
large diameter classes was almost equivalent in
both forest stands. This suggests that the decay
stage 4 had the highest percent of CWDs within
decay classes, which indicates that the study forest
stand is an old forest type (Sefidi, 2012; Sefidi &
Marvi —Mohajer, 2010).

However, the quantity of total CWDs in the
managed forest stand from small to large and very
large classes followed a decreasing trend.
Moreover, the quantity of total CWDs in the
unmanaged forest stand followed a decreasing
trend from small to medium class, whereas it
increased from medium to large and very large
classes. Therefore, the unmanaged forest or natural
state of a forest has a random pattern distribution of
CWDs. This implies that proper distribution of
CWHDs in different class sizes should be considered
in management of similar stands in the future in
order to reach more stable and closer to the natural
forest. In this study, the decay classes of CWDs
were evaluated as qualitative attribute in both
managed and unmanaged forest stands. According
to the Nat-Man classification (Christensen &
Vesterdal, 2003), results of the present study
showed that the total number of CWDs by decay
classes (grades) in the unmanaged forest stand, the
total number of CWDs has been decreasing from
grade 3 to grade 4 and increasing from grades 4 to
6, and in the managed forest stand, the total number
of CWDs has been increasing from grade 3 to
grade 4 and decreasing from grades 4 to 6. This can
be due to the fact that the managerial interventions
and non-standard logging operations hinder the

natural process of CWDs to a random pattern. In
the Nat-Man classification, with an increase of
CWDs, they are placed on a higher category. In
contrast, the abundance of SDWs with decay grade
3 is two times greater in the managed forest stand
than in the unmanaged forest stand. This implies
that the fallen trees, which could be exploited, have
been withdrawn from the managed forest stand due
to managerial interventions and anthropogenic
activities. The remarkable point is that the managed
forest stand has not been exploited by human
harvesting from the past time until the last two
years. On the other hand, competition between
trees has led to the random tree mortality and
creation of a randomized pattern of CWDs in the
study stand, which is consistent with the results
obtained by Bottroff (2009), Nouri et al. (2013) and
Vasile et al. (2017). Based on diameter classes
(small, medium and large and very large), the
distribution pattern of CWDs in both managed and
unmanaged forest stands was random , with the
removal of trees in these classes due to the light
and nutrient competition being the main influential
factors. This is consistent with the results reported
by Bottroff (2009), Nouri et al. (2013), Amanzadeh
et al. (2013) and Vasile et al. (2017).

In fact, the accumulation of CWDs indicated
that the competition-induced change in the
distribution pattern of CWDs is more important
than random or age-related deaths in the study
stand (Nouri et al., 2014). The CWDs distribution
pattern based on decay classes was random in both
stands with decay classes3-6. Thus, it can be stated
that disturbances in managed and unmanaged forest
stands occurred in the small scales.

5. Conclusions

At present, the ecological value of CWDs is not
prominent in managed forests, while monitoring
this important component of natural forests should
be one of the main goals of managers in sustainable
forest management. Therefore, it is recommended
to keep CWDs in the forest according to normal
qualitative/quantitative ranges. Also, quantifying
the fine woody debris (FWD) (smaller than 7.5cm)
and the mass/ weight of CWD are important issues
that can be studied in future researches to
understand the role of CWD for habitat suitability,
carbon storage, fire risk, and nutrient supply.
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