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Effect of topography on tree species composition and volume of coarse 
woody debris in an Oriental beech (Fagus orientalis Lipsky) old growth 
forests, northern Iran
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Mojtaba Azaryan (3)

There is an emerging interest in the relationships between forest structure
and topographic aspects.  Still,  such patterns have been scarcely studied in
undisturbed mixed beech forests in northern Iran. We investigated the influen-
ce of topographical factors including aspect, slope degree, and landform index
(LI)  on the distribution of  dominant  tree species  and coarse  woody debris
(CWD). Tree density and basal area were not significantly correlated with any
of the measured parameters, except a moderate relation between basal area
and LI (r = - 0.376;  P = 0.029). Redundancy analysis (RDA) of the tree layer
revealed a significant relationship between the measured environmental va-
riables and species distributions. CWD volume showed significant negative cor-
relation with percent canopy coverage and was highly correlated with slope.
Density of CWD in decay class IV was significantly correlated with aspect and
percent of canopy cover. Analyses of CWD distributions in relation to both li-
ving vegetation and topographic gradients showed a highly complex interplay
of factors driving the distribution of CWD across the forest stands.

Keywords: Stand Structure, Physical Geography, Landform, Caspian Forest, Fa-
gus orientalis

Introduction
Environmental factors impact vegetation

patterns and species distribution, and play
an  important  role  in  structuring  plant
communities across the landscape (Frelich
2002).  In  mountain  ecosystems,  topogra-
phic conditions can influence resource and
moisture  availability,  and  daily  insolation,
which are important factors for species dis-
tribution,  plant growth and mortality pat-
terns. Therefore, sites with different topo-
graphical features support different forest
types (Small & McCarthy 2002, Garcia et al.
2007).

Coarse woody debris  (CWD) is  generally
considered as dead woody materials in va-
rious  stages  of  decomposition,  including
fallen decaying stem and branches having
a  minimum  diameter  (or  an  equivalent

cross-section) of 10 cm at the widest point
(Enrong et al. 2006). Several recent studies
contribute to better understanding the ex-
tent and role of CWD in forest ecosystems
(Brunet & Isacsson 2009,  Fukasawa et al.
2010,  Odor & Van Hees 2004,  Sefidi & Ete-
mad  2012).  Dead  woody  debris  provides
rooting substrate and nurse logs for rege-
neration  of  plants  (McAlister  1995,  Chris-
tensen et al. 2005), facilitates nutrient cy-
cling and energy flows through forest eco-
systems (Huntington & Ryan 1990,  Huston
1996), maintains hydrology and soil reten-
tion capacities (Harmon et  al.  1986),  pro-
vides wildlife habitat,  and increases biodi-
versity  in  forest  ecosystems  (Colak  2002,
Hahn & Christensen 2005, Sefidi & Etemad
2015). CWD has been included in the list of
improved European indicators for sustaina-

ble forest management by the Ministerial
Conference  on  the  protection  of  forests
in European countries (Butler & Schlapfer
2004).

In the Oriental beech (Fagus orientalis Lip-
sky) old-growth forests along the Caspian
sea, CWD volume varies according to suc-
cessional stage, site conditions and mana-
gement  history.  An  important  feature  of
natural forests of  this  region is their high
amounts  of  dead  wood  in  all  stages  of
decay  and  the high proportions  of  old  li-
ving trees  with  dead parts  (Moradi  et  al.
2012, Sefidi & Marvie-Mohadjer 2010), with
fairly high amount of coarse woody debris
(on average,  51 m3 ha-1 –  Sefidi  & Marvie-
Mohadjer 2010).  Sefidi et al. (2013) for the
Hyrcanian beech-dominated forests, recor-
ded volume of coarse and fine woody de-
bris of 15 and 10 m3 ha-1, respectively. Aman-
zadeh et al. (2013) in a study carried out in
northern Iran reported standing and fallen
dead  wood  volume ranging  from  9.1-24.7
and 7.5-29 m3 ha-1, respectively. In contrast,
oriental beech stands managed for timber
production  displayed  a  lower  volume  of
coarse woody debris, with an average of 23
m3 ha-1 (Atici  et  al.  2008).  These  studies
focused on the CWD amount in  different
successional  stages  and  forest  associa-
tions, but the influence of topographic gra-
dient on the distribution of woody debris in
forest stands had not been investigated. In
northern  forests,  insufficient  knowledge
and scarce quantitative information about
amount  and  quality  of  dead  wood  nega-
tively influence forest management plans.
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In  order  to  manage  uneven-aged  forest
stands using the single selection method, it
is  of  great  importance to understand the
factors  that  affect  the  dead  wood  pool
dynamics  and  the  distribution  of  CWD  in
topographically  dissected area supporting
specific  forest  stands,  such  as  mountain
beech forests in Western Asia (Burrascano
et al. 2013), especially when woody debris
is to be managed for maintenance of biodi-
versity and/or certain stand structural cha-
racteristics (Keddy & Drummond 1996). In
this stydy, we seek to quantify the effect of
the topographic gradient  on beech stand
structure  in  the  Caspian  forest,  although
the  relationship  between  woody  vegeta-
tion  and  topographic  gradients  has  been
fairly well studied in beech stands of other
northern  Iranian  regions  (Eshaghi  Rad  &
Banj Shafiei 2010, Alavi et al. 2008). 

Oriental  beech  is  a  shade-tolerant  tree
species covering north-facing slopes of El-
borz Mountain, in contrast to oak-domina-
ted  stands  highly  distributed  across  the
south-facing  slopes  of  northern  Iran  (Sa-
gheb-Talebi et al.  2014).  The unique topo-
graphical  position of  beech stands in this
area influence the formation and distribu-
tion  of  different  forest  vegetation  types
and  coarse  woody  debris.  Such  stands,
known as Caspian mixed forests, are cha-
racterized  by  minimal  anthropogenic  dis-
turbances, the presence of old trees near
their maximum longevity, large amounts of
standing and lying deadwood, and a hete-
rogeneous stand  structure,  both  horizon-
tally and vertically.

The  main  aim  of  this  research  was  to
quantify the influence of topographical fac-
tors on species composition, and quantity
and quality of coarse woody debris in natu-
ral  and  undisturbed  areas  of  the  Caspian
mixed forests.

Methods

Study area
The study  was  conducted  in  the  Goraz-

bon section of  the Kheyrud Experimental
Forest (northern Iran), which is owned and
managed by the University  of  Tehran  for
education, research, and conservation pur-
poses (Fig. 1). The forest covers a total area
of almost 8000 ha and ranges from 36° 27′
N to 36° 40′ N of latitude and from 51° 32′ E
to  51°  43′  E  of  longitude  (Nosrati  et  al.
2005).  The  climate  is  sub-Mediterranean
with  a  mean  annual  temperature  of  9  °C
and total annual precipitation of 1380 mm
(Marvie-Mohadjer  1976).  Selected  forest
communities  are  established  on  plateaus
or fairly inclined slopes which are domina-
ted by moderately acidic to alkaline brown
soils  with  deep,  organic  A-horizons,  lime-
stone bedrock, and a surface largely free of
rocks  (Dewan  &  Famouri  1961).  Most
stands are uneven-aged where new seed-
ling  establishment  occurs  within  canopy
gaps  (Marvie-Mohadjer  1976).  The  undis-
turbed  mature  beech  stands  were  classi-
fied as a climax forest and represent a re-
gional example of old-growth forests with
no historical cutting or harvesting of trees
(Sefidi  2012).  The  elevation  of  this  area
ranges between 1000-2000 m a.s.l.. Orien-
tal beech and oriental hornbeam (Carpinus
orientalis Miller)  are  the  major  species,
with Persian maple (Acer velutinum Boiss),
Cappadocian  maple  (Acer  cappadocicum
Gled.), largeleaf lime tree (Tilia platyphyllos
Scop),  Siberian  elm  (Zelkova  carpinifolia
(Pall.) Dipp), Caucasian Alder (Alnus subcor-
data C.A.M), Wych elm (Ulmus glabra Hud-
son), sweet cherry (Prunus avium L.), com-
mon yew (Taxus baccata L.), and wild ser-
vice tree (Sorbus torminalis L.) as less com-
mon, but still important part of the forest
composition (Sagheb-Talebi et al. 2014).

Field sampling
Data collection and field inventories took

place during the summer of  2012. To cha-
racterize  the  coarse  woody  debris  within
stands, a 50×50 meter regular grid of sam-
pling points was established within a natu-
ral  beech  stand,  and  0.1-ha  circular  plots

were set  at  35 sampling points  randomly
selected  using a  systematic  random  sam-
pling  technique,  with  the  aim  of  equally
represent a wide variety of  topographical
factors (Marvie-Mohadjer 2005, Sefidi et al.
2014). Potential plot locations were identi-
fied using a topographic map (Anonymous
2010). Each plot was established in order to
have oriental beech as the dominant spe-
cies in the canopy, and the CWD element
closer to the intersection point of the grid
was considered the plot center. CWD was
defined  as  decaying  dead  trees  or  large
branches with a diameter > 10 cm regard-
less  to  their  length.  To  avoid  any  edge
effects, plots were located at least 100 m
away  from  the  forest  border  and  trails.
Because of the high degree of complexity
in  the old  growth beech stands,  the plot
size of  0.1  ha was  chosen as  larger  plots
often spread across more than one topo-
graphic feature (Rubino & McCarthy 2003,
Sefidi 2012).

In each plot, we measured percent slope,
aspect  and  land  form.  Instead  of  using
descriptive categories (such as ridge, mid-
slope, and valley), we quantified land form
as a land form index (LI) by calculating the
mean  slope  from  the  plot  center  to  the
topographic  horizon  every  45  degrees  (8
total measurements) around the plot cen-
ter using clinometer and compass (McNab
1992,  Rubino & McCarthy 2003). The eight
measurements were then averaged to ob-
tain a single LI value for each plot. The use
of the land form index (LI, dimensionless)
instead  of  descriptive  categories  (ridge,
mid-slope, valley) facilitated statistical ana-
lyses and avoided classification problems.
In fact, using this index the effects of dis-
tance and height of landforms are compen-
sated, e.g., a low, nearby ridge and ta high,
distant ridge could have the same effect on
LI,  though obviously their ecological influ-
ence could differ (McNab 1992).

The percent of canopy coverage was vi-
sually estimated in each plot and classified
according to three  canopy coverage clas-
ses:  (I)  canopy coverage >  75%;  (II)  cove-
rage between 50 and 75%; and (III) canopy
coverage < 50% (Marvie-Mohadjer 2005).

In  each  plot,  all  woody  stems  greater
than 7.5 cm DBH were identified, and their
DBH recorded. For each piece of CWD, we
recorded  species,  total  length,  type  (log,
snag,  or  stump),  diameter  at  both  ends,
diameter at the midpoint (for stumps only
the  diameter  at  the  midpoint  was  recor-
ded), and decay class. For species not iden-
tified in the field, a small section of wood
was excised and identified later in the lab
based on its macro-  and microscopic cha-
racteristics  (Parsapajoh  &  Schweingruber
1994).  Lengths and diameters were taken
at the edge of the plot boundary if the log
extended outside of  the plot.  The diame-
ters of logs, snags and stumps were mea-
sured  using  a  caliper;  however,  for  taller
snags,  top  diameters  were  estimated  vi-
sually  as  suggested by  Harmon & Sexton
(1996). Decay classes were defined accor-
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Fig. 1 - The distribution of Caspian forests (dark grey) in the north of Iran (modified
from Nosrati et al. 2005). The study area is indicated in the white box.
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ding to Albrecht (1990) as Class 1 (recently
dead), Class 2 (bark loose with some decay
in  the  sapwood),  Class  3  (decay  obvious
throughout  the  secondary  xylem)  and
Class 4 (woody debris mixing with soil, lit-
tle structural integrity). Thus, according to
these  definitions  a  snag  could  never  be
identified as Class 4.

The Newton’s formula was used to calcu-
late  the  log  volume  (Harmon  &  Sexton
1996 – eqn. 1):

where V is the volume in m3,  L the length,
and  Ab,  Am and  At are  the  cross-sectional
area at the base, middle, and top, respec-
tively.  The  volume  for  snags  and  stumps
was calculated as (eqn. 2):

where  V is  the  volume  in  m3,  Am is  the
cross-sectional  area  at  the  middle  of  the
length, and L is the length.

Data analysis
Species  basal  area,  density  and  relative

importance values were calculated in each
plot for both living and dead trees. Relative
ecological importance value (RIV) was cal-
culated for each species by averaging the
relative density (number of stems), and the
relative dominance (basal area) values. RIV
ranks  tree  species  within  a  site  not  only
based upon the total number of individual
trees but also based on the total amount
of forest area occupied by the tree species.
This index indicates how commonly a spe-
cies occurs across the entire forest (Curtis
& McIntosh 1951). Coarse woody debris RIV
was  calculated  for  each  species  in  each
plot by averaging the sum of each relative
density and relative volume of CWD (Rubi-
no & McCarthy 2003).

Pearson’s  product-moment  correlation
analysis  was used to investigate the rela-
tionships between basal area (volume for
CWD), density, and RIV values for trees and
CWD and plot parameters (LI, slope aspect,
percent slope, and percent canopy cover).

We utilized a multivariate approach to in-
vestigate  the  relationships  between  live
and dead trees distributions and plot para-
meters.  A  preliminary  detrended  corre-
spondence analysis  (DCA) was performed
to assess the gradient length of the species
data for each of the structural layers. DCA
revealed the presence of short (linear) gra-
dients, so we utilized redundancy analysis
to assess the gradient length of the species
data for each of the three structural layers
(Leps & Smilauer 2005, Fortin & Dale 2005,
Ter Braak & Smilauer 1998).

Redundancy analysis  (RDA) is  a  method
of  direct  gradient  analysis  consisting in  a
constrained linear method of canonical or-
dination  that  allows  species-environment
relationships to be explored. RDA methods
try  to  find  values  of  a  new  variable  that
represents  the  best  predictor  for  the  va-

lues  of  all  the  species  as  a  response  va-
riables.

RDA was performed separately for living
trees  and  CWD  using  species  RIV  values.
Three different RDA analyses were perfor-
med.  In  the  first  one,  environmental  and
stand (living tree component) parameters
were plotted, with no distinction between
species. In the second one, environmental
and  stand  parameters  (explanatory  varia-
bles) and RIV of species in the living tree
component (response variables) were plot-
ted.  In  the  third  one,  environmental  and
stand  parameters  (explanatory  variables)
and RIV of species in the CWD component
(response  variables)  were  plotted.  RDA
with  tree  species  data  was  performed
using  percent  slope,  transformed  slope
aspect,  percent  canopy  cover  and  land
form index. Explanatory variables included
importance  value  of  tree  species,  basal
area, density of tree species, crown canopy
percent, slope aspect and percentage and
tree species in two RDA. Prior to bivariate
and  multivariate  analyses,  normality  of
species  distributions  and plot  parameters
were assessed using Kolmogorov-Smirnov
normality tests,  and appropriate transfor-
mations were performed to satisfy norma-
lity  assumptions.  Pearson correlation test
was  used  to  investigate  the  relationship
among  topographical  variables  and stand
characteristics  including  stand  density,
basal area and CWD.

For  slope  aspect  categories  as  nominal
data  set,  the  non-parametric  Spearman’s
rank correlation procedure (Zar 1999) was
used  instead  of  the  Pearson’s  product-
moment correlations. Multivariate analyses
were performed using CANOCO version 4.5
(Leps  &  Smilauer  2005).  The  significance

level  for correlation analysis  was set  at  a
significance level of α = 0.05.

Results

Plots
Individual  plot  parameters  varied  throu-

ghout  sampling  plots  (Tab.  1).  The  mean
DBH in sampling plots was 41.58 ± 1.2 cm,
while mean CWD volume was 74.6 ± 18.1 m3

ha-1. Distribution patterns of sampling plots
along  the  first  two  extracted  canonical
axes  differed  throughout  the  study  site
with respect to environmental parameters
(Fig. 2). We performed a one-way ANOVA
as an exploratory test to determine if dif-
ferences  in  standard  slope  position  cate-
gories  (ridge,  mid  slope,  valley)  were  de-
tectable  using  LI.  We  found  a  significant
difference between the three categories (F
=  4.71,  p =  0.016),  and  post-hoc analysis
(Bonferroni’s  multiple  comparison  test)
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Tab.  1 -  Physiographical  characteristics
of  the study site  within  old  growth  F.
orientalis forests of northern Iran.

Characteristic Parameter Value (%)

Percent 
slope

Mean 19.5 ± 1.8
Min 7

Max 35

Land form 
index

Mean 11.8 ± 0.8

Min 5.3

Max 28.3
Crown Canopy 
Coverage

Mean 75.3 ± 3.1

Min 35
Max 95

Fig. 2 - RDA biplot of sampling plots and environmental parameters for mixed beech
stands, northern Iran. Arrows indicate environmental parameters used in the creation
of the biplot: (BA): basal area of trees; (Density): density of trees; (Aspect): trans-
formed slope aspect; (CCC): percent canopy cover; (LI): land form index; (Slope): per -
cent slope.
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revealed that all the three groups were sig-
nificantly  different  (Rubino  &  McCarthy
2003).

Trees
In the sampling plots, Fagus orientalis had

the highest mean density, basal area, and
RIV,  followed  by  Carpinus  betulus,  Alnus
subcordata, Acer velutinum and  Tilia bego-
nifolia (Tab.  2).  Diameter  distribution sho-
wed a reverse J-shape curve (Fig. 3). Tree
density was not related to site parameters,
but there was a significant correlation bet-
ween basal area and land form index (Tab.
3).

RDA of  the tree layer revealed a signifi-
cant relationship between the environmen-
tal  variables  and  species  distributions  on
the first canonical axis (F = 36.72, p < 0.001)
and all  four  canonical  axes  (F =  8.17,  p <
0.001).  The  environmental  variables  ex-
plained 63.3% of the variation in species dis-
tributions on the first two axes. Examina-
tion of  the inter-set (correlation between
species axes and environmental variables)
and intra-set (correlation between environ-
mental  axes and environmental  variables)
correlation values revealed that both spe-
cies axis  1  and environmental  axis  1  were
correlated with LI (r = 0.25 and 0.30, res-
pectively),  although  the  strength  of  the
correlation was small.  In contrast, species
axis 2 and environmental axis 2 were highly
correlated with aspect (r = 0.49 and 0.73,
respectively).

Species  distributions  in  the  multi-dimen-
sional space were consistent with changes
in individual species presence and habitat
affinities (Fig. 2). For example, mesophytic
species such as F. orientalis and T. begonifo-
lia (Sagheb-Talebi et al.  2014) were found
on  the  left  side  of  the  RDA  biplot  (nor-
therly aspects and high LI scores, valleys).
Additionally,  C.  betulus was  found on the
right  side of  the biplot;  this  is  consistent
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Tab. 3 - Correlation test results for stand density, basal area and CWD in relation to
the topographical variables.

Variables
Density
(N ha-1)

Basal area
(m2 ha-1)

CWD
(m3 ha-1)

r P r P r P
Percent slope 0.025 0.886 -0.284 0.128 0.922 <0.001
Slope aspect 0.012 0.945 - 0.306 0.079 0.253 0.128
Land form index 0.055 0.757 - 0.376 0.029 0.307 0.091
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Fig. 3 - Diameter distribution of mixed beech stands in northern Iran. Tree species are
distinguished into two groups: F. orientalis (black) and all other tree species (grey).

Tab.  2 -  Mean (± SE) density (stems ha -1),  basal  area (BA,  m2  ha-1),  relative density
(RELDEN), relative basal area (RELBA), and RIV of trees (dbh > 7.5 cm) in the oriental
beech forests of northern Iran.

Species Density BA RELDEN RELBA RIV
Fagus orientalis 98.8 ± 10.5 23.9 ± 2.2 54.9 ± 5.6 61.3 ± 5.1 58.1 ± 5.1
Carpinus betulus 70.8 ± 15.5 5.9 ± 1.1 30.3 ± 5.5 17.1 ± 3.3 23.6 ± 4.3
Acer velutinum 13.2 ± 3.1 3.7 ± 0.8 7.4 ± 1.8 9.2 ± 2.4 8.3 ± 1.7
Alnus subcordata 11.5 ± 2.5 5.4 ± 1.4 6.1 ± 1.1 11.4 ± 2.8 8.7 ± 1.9
Quercus castaneifolia 0.6 ± 0.2 0.3 ± 0.3 0.3 ± 0.2 0.6 ± 0.5 0.4 ± 0.3
Other species 0.3 ± 0.2 0.2 ± 0.1 0.2 ± 0.1 0.3 ± 0.2 0.3 ± 0.1
Total, all plots 195.2 ± 10.4 39.6 ± 2.3 - - -

Fig. 4 - Redundancy analysis biplot of tree species and 
environmental parameters for mixed beech stands, 
northern Iran. Species name abbreviations are: (FAOR): 
Fagus orientalis; (TIBE): Tilia begonifolia; (ALSU): Alnus 
subcordata; (CABE): Carpinus betulus; (QUCA): Quercus 
castaneifolia; (ACVE): Acer velutinum. Arrows indicate 
the environmental parameters used in the creation of 
the biplot. (BA): basal area of trees; (Density): density of
trees (ASPECT): transformed slope aspect; (CCC): per-
cent canopy cover; (LI): land form index; (SLOPE): per-
cent slope.
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with its  distributions reaching maxima on
more dry and exposed slope aspects and
slope position (southerly and ridge - Fig. 4).

Coarse woody debris
Four major trees species encompass the

highest  amount  of  CWD  in  the  sampling
plots  (Tab.  4).  The  most  frequently  CWD
species  were  oriental  beech,  which  was
found in 65% of sampling plots, followed by
Carpinus betulus (29%). F. orientalis had the
highest and C. betulus had the second high-
est mean density, volume, relative density,
relative volume, and RIV of all  CWD (Tab.
4).

Correlation  analysis  revealed  no  signifi-
cant  relationships  between  CWD  volume
and LI and slope aspect. CWD volume was
significantly negatively correlated with per-
cent canopy cover (r = 0.423, p = 0.012) and
highly correlated with slope (r = 0.922,  p <
0.001). The CWD volume (m3  ha-1) was sig-
nificantly correlated with tree basal area (r
= 0.504, p = 0.002).

Tree density (N ha-1) and CWD volume (m3

ha-1)  in each decay classes was not corre-
lated with plot parameters, except class IV
CWD  density  that  was  significantly  corre-
lated with aspect (r = 0.296, p = 0.044) and
the percentage of crown canopy coverage
(r = 0.335, p = 0.026).

The RDA of CWD data revealed a signifi-
cant relationship between the CWD distri-
butions  and  the  environmental  variables
for the first axis (F = 6.97,  p = 0.044) but
not for all of the four extracted axes (F =
1.432,  p = 0.142). The environmental varia-
bles explained 22.5% of the variation in the
species data on the first two axes (Fig. 5).

Species  axis  1  and  environmental  axis  1
were  most  highly  negatively  correlated
with canopy cover  percent (r  = 0.511  and
0.829,  respectively),  while  species  axis  2
correlated  with  parameters,  but  environ-
mental  axis  2  was most  highly correlated
with slope and aspect (r = 0.701 and 0.469,
respectively).

Discussion
Based on our results,  the distribution of

woody species and CWD in the old growth
oriental beech-dominated forest stands are
influenced by topographic gradients. Natu-
ral stands in the mountain beech forests of
northern Iran have a high stocking volume
and  basal  area  (Moradi  et  al.  2012).  The
presence of over-mature beech trees with
diameter  >  200  cm  increased  the  mean
basal  area  (39.6  m2  ha-1).  Sefidi  (2012) re-
ported a mean basal area ranging 18-46 m2

ha-1 in a 75 ha beech forest in the north of
Iran.

Different results were reported for prime-
val  beech  forests  in  the  eastern  Europe.
Popescu-Zeletin  &  Dissescu  (1967) repor-
ted a mean basal area of 17-50 m2  ha-1 for a
Carpathian  beech  forest,  Urban  et  al.
(2010) a mean value of 33.8-48.2 m2 ha-1 in a
mixed  beech  stands  in  the  east  of  the
Czech Republic, Hobi et al. (2015) a value of
36.3 ± 0.8 m2  ha-1 in the southern slopes of

the Carpathians in southwest Ukraine, and
Petritan et al. (2012) an average basal area
of 47.3 m2  ha-1 in  the Runcu-Grosi  Natural
Reserve in western Romania. The main rea-
son for the aforementioned differences in
basal area between Iranian and European
mixed beech forests  is  that  F.  sylvatica is
commonly  mixed  with  different  species
such  as  silver  fir  (Popescu-Zeletin  & Diss-
escu 1967) and sessile oak (Petritan et al.
2014), that contribute to a high proportion
of forest stand volume. In contrast, orien-
tal  beech  in  the  Iranian  forests  is  mainly
mixed with European hornbeam in the un-
derstory, which does not represent a high
percentage  of  the  total  standing  volume
(Sagheb-Talebi  et  al.  2014,  Sefidi  et  al.
2014). Moreover, the productivity and site-
specific environmental factors can also in-
fluence stand basal area, thus accounting
for the above differences.

Tree  species  distribution  differed  throu-
ghout the study site with respect to den-
sity and basal area. Mesophytic and shade

tolerant  species  such  as  oriental  beech
were  found  with  greater  frequency  on
northerly  aspects  and  lower-slope  posi-
tions, while more xerophytic species such
as  hornbeam  showed a higher  frequency
on drier, more exposed positions.  F. orien-
talis is a shade tolerant and major canopy
layer  species,  with  greater  mean  basal
area,  relative basal  area,  and RIV than all
other tree species (Tab. 1). 

Oriental beech also showed a high volu-
me and density of living and dead trees. In
this study we found a mean CWD volume
of 74.6 ± 18.1  m3 ha-1 with  a  range of  1.2-
136.1 m3 ha-1, similar to several other studies
carried  out  in  the  Iranian  beech  forests
(Sefidi  et al.  2013,  Amanzadeh et al.  2013,
Sefidi  &  Marvie-Mohadjer  2010).  Contras-
tingly, the total volume of dead timber at
the  Milesice  Forest  Reserve  in  the  Czech
Republic reached 324 m3 ha-1 (Vrska et al.
2001),  that  was  higher  than  our  findings.
Moreover, Hobi et al. (2015) reported 135.9
± 7.5 m3 ha-1 of lying coarse woody debris in
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Tab.  4 -  Mean  (±  SE)  density  (stems  ha -1),  volume  (m3 ha-1),  and  relative  density
(RELDEN),  relative volume (RELVOL)  of  CWD (dbh > 10 cm) in  the oriental  beech
forests, Northern Iran

Species Density Volume RELDEN RELVOL RIV
Fagus orientalis 6.7 ± 1 44.6 ± 15.7 51.9 ± 7.6 56.3 ± 8.1 54.1 ± 7.8
Carpinus betulus 2.9 ± 0.7 4.3 ± 2.8 20.3 ± 6.5 18.9 ± 6.3 19.8 ± 6.2
Acer velutinum 2.3 ± 0.7 17.2 ± 8.8 16.4 ± 5.8 15.2 ± 5.4 16.1 ± 5.7
Alnus subcordata 11.5 ± 2.5 8.4 ± 5.4 10.1 ± 5.1 9.4 ± 4.8 9.9 ± 5.1
Other species 0 0 0 0 0
Total, all plots 13.2 ± 1.2 74.6 ± 18.1 - - -

Fig. 5 - RDA biplot of coarse woody debris species and environmental parameters for
mixed beech stands, northern Iran. Species name abbreviations are: (FAOR):  Fagus
orientalis; (TIBE): Tilia begonifolia: (ALSU): Alnus subcordata; (CABE): Carpinus betulus;
(QUCA): Quercus castaneifolia; (ACVE): Acer velutinum. Arrows indicate environmental
parameters used in the creation of the biplot. (BA): basal area of trees; (Density): den-
sity of trees; (Aspect): transformed slope aspect; (CCC): percent canopy cover; (LI):
land form index; (SLOPE): percent slope.
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the Uholka-Shyrokyi Luh primeval forest in
the southern slopes of the Carpathians. Dif-
ferences  in  CWD  amount  between  Euro-
pean and Oriental  beech  forest  are  likely
determined  by  differences  in  the  stand
composition  and  structure.  The  coarse
woody debris pool reflects the past stand
conditions,  specifically  an  earlier  succes-
sional period when different species domi-
nated  the  overstory  -  a  condition  that  is
particularly common in old-growth stands
(McCarthy  et  al.  2001).  Moreover,  in  the
European forests beech is mixed with soft-
wood trees such as fir that are missing in
the  Iranian  beech  stands.  Differences  in
decomposition  rate  among  species  can
account for variation in the overstory and
dead wood composition (Rock et al. 2008).

The  distribution  pattern  of  CWD  along
the first two extracted canonical axes were
similar  to  patterns  of  living  tree  distribu-
tion,  and  were  most  likely  influenced  by
physiological characteristics of the individ-
ual  species.  For  example,  oriental  beech
and maple CWD was mainly found on mesic
sites such as valleys or plots with northerly
aspects.  In  contrast,  European  hornbeam
was found on xeric southerly aspects and
ridges.

The significant correlation between volu-
me and density of CWD and percent slope
of  plots  revealed  that  high  slope  areas
have  high  volume  and  density  of  CWD.
Accumulation of CWD in the lower slopes
(i.e.,  negative  correlation  between  dead
wood  volume  and  the  percent  of  slope)
was expected because of  the mechanical
stability of trees growing on steep slopes
and  gravity-driven  process.  Nevertheless,
our results revealed a high accumulation of
CWD on high slopes that can be explained
by the relatively homogeneity of topogra-
phic conditions of the study site. The me-
dian  value  of  slope  across  the  study  site
was 18 %; this means that 50% of sampling
plots were located in relatively lower slope
positions.  On  steep  slopes,  CWD  tend  to
drop to lower-slope positions, therefore a
negative correlation between the percent
of slope and accumulation of CWD in lower
slopes was observed. The negative correla-
tion between CWD accumulation and slope
was also reported by  Rubino & McCarthy
(2003). The same authors also showed that
different  ecological  conditions  can  affect
decomposition rates and dynamics of woo-
dy debris as well as accumulation of CWD.
Furthermore,  Alidadi  (2013) reported that
the decomposition of oriental beech CWD
largely differs from that reported for Euro-
pean beech, as tree dimensions affect the
dead  wood  pool  within  stands.  Indeed,
long-lived  oriental  beech  trees  can  reach
more than 2 meters in diameter at produc-
tive sites, and show a high amount of fo-
rest dead wood in the studied sites (Sefidi
& Etemad 2012, Moradi et al. 2012). 

The  influence  of  topography  on  forest
stand composition has been demonstrated
in  North  America  (McCarthy  et  al.  1984,
Rubino & McCarthy 2003), and similar evi-

dence was also reported in Europe (Garcia
et al. 2007) and in Iran (Mohsennezhad et
al. 2010, Valipour et al. 2013). In the Caspian
region, the most productive sites are loca-
ted on the northern slopes.  Valipour et al.
(2013) reported that physiographic charac-
teristics (including steepness of slope and
aspect) significantly affect the structure of
the oak-dominated forests of western Iran
in terms of density and diameter class dis-
tribution. The same authors found a grea-
ter CWD volume on more fertile north-fa-
cing  slopes  than  on  south-facing  slopes.
Moreover, in the north of Iran Alidadi et al.
(2015) showed dead wood decomposition
rates  of  F.  orientalis and  Carpinus  betulus
significantly  different  between  north  fac-
ing and south facing slopes (Alidadi 2013).
In this study, slope aspect was not signifi-
cantly correlated with CWD volume or den-
sity,  despite  an  accumulation  of  CWD  in
north-facing slopes was expected. Indeed,
warmer microclimatic conditions in south-
ern aspects can enhance the CWD decay as
a consequence of more intense insolation,
higher air and soil temperatures (Barnes et
al.  1997). Temperature affects decomposi-
tion  rate,  as  microbial  and  invertebrate
activity  is  higher  at  higher  temperatures
(Yang  et  al.  2010,  Mackensen  &  Bauhus
2003). It was demonstrated that an increa-
se of  2  °C  in  temperature  increases  stem
woody debris decay (expressed in density
loss) by 9-55% (Yin 1999).

The successional status of stands (Goebel
& Hix 1997, Saniga & Schütz 2002, Sefidi &
Marvie-Mohadjer 2010, Sefidi 2012), as well
as the susceptibility to storm damage (Bru-
ederle  &  Stearns  1985)  or  to  pathogens
(Walters & McCarthy 1997, McCarthy et al.
2001) are all factors affecting the accumu-
lation of  CWD.  Banas  et  al.  (2014) stated
that  ecological  and  social  functions  of
forests  have  a  slight  influence  on  the
amount of CWD. Conservation of biological
diversity  is  one  of  the  most  important
goals  of  forest  management  and  dead
trees as micro habitats have a key role in
maintaining  biodiversity  in  forest  ecosys-
tems (Kraus & Krumm 2013).  The analysis
of the influence of topographical gradients
on the dead wood pool  is  crucial  for  the
development  of  conservation  strategies
and  for  better  monitoring  the  biological
diversity in the forest ecosystems.

Physiographic  factors  can  significantly
affect tree characteristics in the oak domi-
nated forests in western Iran. In this area,
the  greatest  tree  diameter,  total  height
and crown cover were found on the lower
slopes,  eastern and northern aspects and
high altitudes (Valipour et al. 2013). Rubino
& McCarthy (2003) showed distribution of
trees, saplings, and CWD varies across the
fragmented  landscape  in  oak  dominated
stands  in  southern  Ohio  forests.  Similar
results  were  reported  for  other  forest
types (McCarthy et al. 2001,  Goebel & Hix
1997,  Rubino  &  McCarthy  2003).  In  mon-
tane mixed forests in Italy, Castagneri et al.
(2010) indicated elevation, basal area of li-

ving trees and human impact as the most
important  factors  influencing  dead  wood
pool.

Knowledge on the spatial distribution of
CWD  in  topographically  dissected  forest
stands of the Caspian region is still limited.
The  evaluation  of  environmental  factors
influencing  CWD  distribution  is  necessary
for a better management of coarse woody
debris in beech mixed Caspian forests. 
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