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Abstract
Forest structural complexity can vary among different types of habitat and is de�ned by the dependency
of species on resources. The positive relationship between structural complexity and forest functions is
of increasing interest to researchers. In this study, we focused on the structural complexity of the habitat
of the Caucasian grouse ( Lyrurus mlokosiewiczi ), which is an indicator species in mountain forest
habitats in the Arasbaran biosphere reserve, Iran. Data were collected from previously identi�ed presence
and absence locations of this species. Three sample plots were chosen at random in each area (six
sample plots in total). The main parameters measured were type of species, diameter and height of trees,
shrub and regeneration, and number and diameter of coarse woody debris. Overstorey tree species
richness differed in the absence and presence locations, with 16 and 12 species respectively. Understory
species richness was also different in the absence (15 species) and presence (10 species) locations. The
Caucasian grouse was observed in the site with trees smaller than 10 cm and a balanced density of trees
smaller than 5 cm. Overall, the SCI was higher in the absence location than in the presence location. The
heterogeneity of the stand structure in grouse habitats was low. The area where the Caucasian grouse
was present was characterized by small numbers of dead trees and also low log volume. Maintaining a
heterogenous forest structure is important for protecting this species. Conservation of fruit trees that are
fed on by the grouse is also recommended.

1. Introduction
Species diversity in�uences the quality of life in forests, and maintenance of such diversity is one of the
most important tasks of forest management. A high degree of species diversity enhances ecological
service provision by a large number species. The characteristics of stand structure can in�uence species
diversity and habitat structure (Kara and Lhotka 2020). Forests are composed of a complex system with
multiple attributes that interact with each other across different levels. Structural complexity is a measure
of some attributes of forest stands and the relative value of each of these attributes. Given that the
contribution of each structural attribute to forest complexity may vary consistently across
stands (Sabatini et al. 2015), forest structural complexity can vary among different types of
habitat (Caviedes and Ibarra 2017).  

Determining the structural complexity of forest ecosystems is challenging, and several measures have
been used to quantify aspects of structural complexity that focus on tree-based attributes, such as tree
size differentiation, diversity of DBH classes, species richness, number of strata and other attributes
related to tree and stand (Ehbrecht et al. 2017; McElhinny et al. 2006; Seidel et al. 2019b). Structural
complexity necessarily involves the interactions between a number of different variables, and quantitative
comparisons between stands may require complex multivariate analysis. In response to this problem, a
variety of means have been devised to  describe structural complexity by a single index, thereby
facilitating comparisons between stands (McElhinny et al. 2005; Mensah et al. 2020; Sabatini et al.
2015). Structural complexity is assumed to positively affect several ecosystem functions and services
provided by forests (De Groot 1992), including species diversity, resistance and resilience (Caviedes and
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Ibarra 2017). In terms of forest management, modern silviculture has focused on structural
complexity (Kara and Lhotka 2020; Seidel et al. 2019a), de�ned as the way in which species depend on
resources (Mensah et al. 2020). The heterogeneity of forest stand structure has a signi�cant impact on
tree-related microhabitats in forest ecosystems and enhances species richness (Se�di and Copenheaver
2020).

The positive relationship between structural complexity and forest functions is of increasing interest to
researchers. Some researchers have focused on the structural complexity and forest structure by applying
different indices to different forest ecosystems throughout the world (Atsbha et al. 2019; Braunisch et al.
2019; McElhinny et al. 2005; Seidel et al. 2019a). The description of forest structure represents an
important step in the process of understanding forest dynamics, forest ecosystem processes and the
associated services (Gadow et al. 2012; Pretzsch 2009). Forest structure is the result of natural processes
and human disturbances and it determines the distribution of micro-climatic conditions, the availability of
resources and the formation of habitat niches and thus, directly or indirectly, the biological diversity
within forest communities (Gadow et al. 2012). Intensive human interventions, including �re, logging,
fuelwood harvesting and animal husbandry can potentially degrade the composition and availability of
structural attributes in forests (Caviedes and Ibarra 2017). These types of interventions can alter the
density of the understory, volume of coarse woody debris and the density of dead trees (Ghanbari et al.
2015). The loss of these forest attributes affects birds that depend on these key structural habitat
attributes for their survival (Caviedes and Ibarra 2017; Ross et al. 2000; Sabatini et al. 2015). Coarse
woody debris has been positively associated with avian diversity and abundance (Caviedes and Ibarra
2017). Standing coarse woody debris (i.e. dead trees) is an essential resource for many species of birds,
especially birds that use the dead trees for breeding, perching, foraging, communicating and
roosting (Lanham and Guynn Jr 1996; Lohr et al. 2002). In forests standing coarse woody debris is
usually excavated and used for cavity-nesting by a variety of species (Tomasevic and Estades 2006). For
example, Acosta-Jamett and Simonetti (2004) reported that coarse woody debris is an essential habitat
for different species in loblolly pine forests in central Chile (Acosta-Jamett and Simonetti 2004). The
value of coarse woody debris as bird habitat has also been documented by many other researchers (Mac
Nally et al. 2001; Reid et al. 2004; Thiollay 1992; Tomasevic and Estades 2006). 

In this research, we focused on the structural complexity of the habitat of the Caucasian grouse (Lyrurus
mlokosiewiczi), considered an indicator species in mountain forest habitats. The Caucasian grouse, a
forest bird species, was selected for determining different forest structural characteristics, as different
response patterns can be expected in relation to the habitat requirements of the species, which will affect
reserve designation. This indicator species is hypothesized to be affected by type of forest management
in the long term. Thus, in the absence of disturbance, we expect forest closure and homogenization in the
initial period after reserve designation to cause a decrease in habitat suitability for the species. To test
our hypotheses, we compared structural complexity, as well as key habitat structures, in forest areas
previously identi�ed as presence and absence locations of the species. The study �ndings are expected
to contribute to objectifying the debate around the effects of strict forest protection on mountain forest
biodiversity, and to facilitate systematic reserve selection processes.
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2. Materials And Methods
2.1 Study area

This research was conducted in the Arasbaran deciduous forests in the northwest of Iran, in the
Caucasus Iranian Highlands, at the border of Armenia and Azerbaijan. Since 1976, UNESCO has
designated 72,460 ha of land in this area as a biosphere reserve, the Arasbaran biosphere reserve (Figure
1).  The area covers mountains, high alpine meadows, semi-arid steppes, rangelands and forests, rivers
and springs. The Arasbaran biosphere reserve provides habitat for more than 200 species of birds,
notably the Caucasian grouse, grey partridge, black francolin and common pheasant, as well as 29
species of reptiles, 48 species of mammals, notably wild goat, wild boar, brown bear, wolf, lynx and
leopard, and 17 species of �sh (Darvishi et al. 2015). Arasbaran is also inhabited by several nomadic
tribes, who mainly live in the buffer and transition zones. The minimum and maximum elevations in the
study area are 450 and 2700 m above sea level (asl), respectively. The Caucasian black
grouse (Lyrurus mlokosiewiczi) lives in uplands higher than 1800 m asl, mainly on the southern slopes,
and it prefer forest edges and timberlines (Darvishi et al. 2015). The forest tree species typically include
oak (Quercus macranthera), birch (Carpinus orientalis) and maple (Acer campestre), which occur in
different proportions across the different elevations.

2.2 Species description 

The species is known to occur in an area ranging from the Black Sea to the Caspian Sea in the Caucasus
mountains in Russia, Georgia, Armenia and Azerbaijan in the north and east, over the little Caucasus in
northeastern Turkey in the west to northwestern Iran in the south (Baskaya 2003). The Caucasian grouse
is a sedentary species, breeding close to deciduous broadleaved forest in the Caucasus Mountains
timberline. The forest habitas are typically dominated by Quercus macranthera. The population and
distribution of this species have been declining over the last few decades (Baskaya 2003;
BirdLifeInternational 2016; Habibzadeh et al. 2010). All areas where the species occurs in NW Iran are
protected and designated as the Arasbaran biosphere reserve. The species has been reclassi�ed as Near
Threatened (NT) worldwide (Birdlife International 2016) and is listed as endangered in national Red Data
books (Habibzadeh et al. 2013). The habitat of the species has been manipulated by human disturbance,
forest management, strict protection and also by nomadic tribes in recent years. The Capercaillie, another
species of grouse,  strongly bene�tted from forest-overexploitation in the second half of the 19th century
and is now being negatively affected by the change from rotation forestry to selective cutting,  which is
associated with increasing canopy closure, lack of clearings and forest structural homogenization at the
landscape scale (Suchant and Braunisch (2004) (Braunisch et al. 2019). A similar trend has been
observed in the present study area. We hypothesize that the Caucasian grouse will be negatively affected
in the near future by strict changes in forest protection resulting in canopy closure and the subsequent
decrease in ground vegetation cover. 

2.3 Data collection and analysis 
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In the �rst step, we selected forest locations where the Caucasian grouse was known to be present or
absent. The distribution areas of the Caucasian grouse on the village maps made by the Forest,
Rangelands, and Watershed Organization (FRWO) were identi�ed within the Arasbaran biosphere reserve.
The presence and absence locations of the species were identi�ed using library studies and �eld surveys.
Data on species presence and absence were supplied by ornithologists, foresters, hunters and local
people, i.e. nomadic tribes (Braunisch et al. 2019). In each site, we randomly selected six sample plots
from a total of 12 sample plots (Figure 1). The sample plots were of area 0.5 ha  (dimensions 100 m × 50
m) and in total, we surveyed plots covering a total area of 3 ha for each site.  

2.3.1 Forest structure 

In each sample plot, the species name and diameter at breast height (DBH) of all trees and shrubs were
recorded. The DBH was measured with a tree caliper and the height of the trees, with a Suunto clinometer.
Tree height is de�ned as the distance between the base and the top of a standing tree. Clinometers are
used to measure individual tree height (Luoma et al. 2017). Trees larger than 1.3 m were classi�ed into
six size classes; <5 cm, 5-10, 10-15, 15-20, 20-25 and 25-30 cm. Tree height was classi�ed at 1-m intervals
for ten classes; <2 m, 2-3 m, 3-4 m, 4-5 m, …, and >10 m. The number of understory seedlings (<1.3 m in
height) was counted in each plot and used to calculate seedling density per hectare in each stand (Kara
and Lhotka 2020). Plot basal area (BA) was calculated as the sum of the cross-sectional areas (at breast
height) of all tree stems. The proportion of the respective species was calculated as the ratio between the
species BA and the total BA of the stand (Juchheim et al. 2020).

The mean values and standard deviations of tree DBH and height were calculated for each sample plot.
The relative frequency of three important species, Acer campestre, Carpinus orientalis and Quercus
maranthera, was calculated in each plot. 

Table 1: Description of attribute studied in the presence and absence locations
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Attribute  Index                                       Description & reference

Stand strata Number of
strata

The number of strata was determined, considering that multi-layered
stands increase the diversity of habitat niches (McElhinny et al. 2005).

Tree
diameter

Tree DBH Tree DBH generally increases with stand age.       

The
standard
deviation of
DBH 

The standard deviation of tree DBH is a measure of the variability in tree
size and is considered indicative of the diversity of micro-habitats within a
stand.

Tree size
diversity
(TSD)

Shannon–Weiner Index was used to summarize DBH distribution in a single
measure called TSD (H ), where H  =-   and pi is the proportion of trees in
the ith DBH class. The 10-15 DBH class was considered a reference DBH
class (Wikström and Eriksson 2000).

Diameter
distribution 

The DBH distribution indicates something about the stand structure. Stands
with a reverse J distribution are indicative of uneven-aged stands  (Peng
2000). Also, it is as an attribute of forest structure is the complexity of
comparing distributions from different stands (McElhinny et al. 2005).

Tree height Height of
overstorey 

The simplest attribute associated with height is the height of the
overstorey. This attribute may be indicative of successional stage, the
number of strata or stand biomass. The overstorey tree layer included all
trees with a DBH ≥10 cm (Zhang et al. 2017).

Standard
deviation of
tree height

The standard deviation of tree height will be more indicative of the vertical
layering of foliage than the standard deviation of DBH.

Horizontal
variation in
height
(%CV)

Variation in tree height is considered an important attribute of structure
because stands including a variety of tree heights are also likely to contain
a variety of tree ages and species (McElhinny et al. 2005).

Stand basal
area

  Stand basal area is directly related to mean DBH. It is also indicative of
stand volume and biomass. 

Tree
species

Species
richness

The number of species per sample plot  (Atsbha et al. 2019; Maua et al.
2020)

Relative
frequency
of key
species

The ratio between the frequency of a species and the sum of all species
frequencies (Haq et al. 2019; Maua et al. 2020)

Understorey
vegetation

Shrub
height

The understorey tree layer included all trees with a DBH <10 cm and ≥1.3
m in height (Zhang et al. 2017).

Understory
richness

Species richness was estimated in each sample plot and per ha.
Understorey species richness due to the increased interspecific competition
may lead to reducing resource availability (Zhang et al. 2017). 

Deadwood Number,
basal area
and volume

Dead standing and fallen trees are considered key structural elements. In
natural forests, a wide variety of dead wood forms correspond to the
continuity of wood decomposition, ranging from dead branches still attached
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of dead
trees 
  (by decay
classes)

to tree crowns, standing dead trees to rotting logs  (Fröhlich and Ciach
2020). Number, BA, and volume of dead trees were classified in 4 classes. 

2.3.2 Structural complexity index

All indices were calculated accurately and used to determine the Structural complexity index (SCI). For
indexes showing high kurtosis (< 2), logarithm and square-root transformations were used to improve the
distribution of the values. Regression analysis through quartiles was then performed to rescale each of
the twelve selected stand-structural indices to a score ranging from 0 to 10 (Table 3).  Scores of 2.5, 5, 7.5
and 10 were set to the quartile midpoints corresponding to the 12.5, 37.5, 62.5 and 87.5 percentiles of the
raw data distribution (McElhinny et al. 2006; Sabatini et al. 2015). A maximum score of 10 was attributed
to the 87.5 percentile, while the equation was constrained so that the minimum score was 0. The
structural complexity index was obtained by adding all 12 rescaled values, with 0 being the minimum and
120 being the maximum additive value. Thus, the total value of a stand with high structural complexity
would be closer to 120, while the total value of a less structurally complex stand would be closer to
0 (McElhinny et al. 2006; Sabatini et al. 2015). 

The Gini coe�cient was used to analyze the degree of regularity of size structures. This index enables
comparison of the DBH structures of different stands. It is obtained from the area between the 45° line
and the Lorenz curve, which in turn was derived by plotting the cumulative basal area proportions of trees
per hectare against the cumulative proportions of the number of trees per hectare, after ranking the DBH
data in ascending order. As the values range from 0 to 1, the Gini coe�cient is easy to interpret. It has a
minimum value when all of the trees are of equal size (Bourdier et al. 2016; Pach and Podlaski 2015).

3. Results
Overstorey tree species richness was different in the absence (16) and presence (12) locations. The
following tree species were observed in the absence location: Acer campestre, Berberis sp., Carpinus
orientalis, Cornus sanguinea, Cratagus meyeri, Euonymus sp., Fraxinus excelsiour, Juniperus excelsa,
Malus domestica, Mespilus sp., Prunus domestica, Pyrus sp., Quercus macranthera, Smilax
sp. and Viburnum lantana (=15). The following species were observed in the presence location:  Acer
campestre, Carpinus orientalis, Cornus sanguinea, Fraxinus excelsiour, Malus domestica, Prunus
domestica, Pyrus sp., Quercus macranthera, Ribes biberestentii, Rosa canina, Sorbus
aucuparia and Viburnum lantana. The most abundant species in the presence area was Ribes
biberestentii. 

The frequency of overstorey trees in the different DBH classes differed between the areas with absence
and presence of the Caucasian grouse (Figure 2). The number of trees was higher in the absence location
 than in the presence location. In the absence location, most of the trees corresponded to DBH class 5-10
(1242 stems/ha), while the frequency of trees in the <5 class was relatively high (533 stems/ha) in the
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presence location. In almost all DBH classes, the frequency of trees in the absence location was higher
than in the presence location, except for DBH class <5 cm. Differences between absence and presence
location were observed for all size classes. Large differences were observed in DBH class 5-10cm
(1242:388 stems/ha).

Understory species richness differed in the absence (15) and presence (10) locations. The following
species were observed in the absence location: Acer campestre, Berberis sp., Carpinus orientalis, Cornus
sanguinea, Cotoneaster sp., Crataegus meyeri, Euonymus sp., Juniperus excelsa, Malus domestica,
Mespilus sp., Prunus domestica, Quercus macranthera, Rosa canina, Smilax sp. and Viburnum
lantana. The following species were observed in the presence location: Acer campestre, Cornus
sanguinea, Cotoneaster sp., Malus domestica, Prunus domestica, Quercus macranthera, Ribes
biebersteinii, Rosa canina, Sorbus aucuparia and Viburnum lantana.    

The number of understory trees including saplings and seedlings per hectare is shown in Figure 3. The
number of understory trees in all height classes was greater in the presence location than in the absence
location (Figure 3). A difference between absence and presence locations was also observed in DBH
classes. The frequency of understory trees of all three DBH classes was higher in the presence location
than in the absence location. This difference was relatively large for height class 100-130 cm (25:153)
and DBH class 2.5-5 cm (15:103).

The mean value of 12 selected structural attributes in the absence and presence locations of the
Caucasian grouse are shown Table 2. The mean DBH was lower in the absence location than in the
presence location. The values of some other attributes such as horizontal variation in DBH, maximum
DBH, frequency of stems smaller than 5 cm and understorey stems per ha were lower than in the
presence location. By contrast, the values of other characteristics such as TSD, height of overstorey,
height class richness, species richness, density of dead trees and log volume were higher in the presence
location than in the absence location.

Table 2: Mean values and SD (n = 12) for a selection of structural attributes in the absence and presence
locations of the Caucasian grouse



Page 9/22

  Indices  Absence (mean±sd)  Presence (mean±sd)

1 Mean DBH 9.63±4.36 10.37±5.66

2 Tree size diversity (TSD) 0.367 0.358

3 Horizontal variation in DBH (%CV) 45.2 54.6

4 Maximum DBH 30 45.5

5 Gini coefficient 0.53 0.37

6 Frequency of stems smaller than 5 cm 677 1598

7 Height of overstorey 5.66±3.54 3.56±1.17

8 Height class richness 9 6

9 Species richness 16 12

10 Understory stem/ha 212 641

11 Number of dead trees (n) 1254 152

12 Log volume 10.26 0.65

To provide an objective starting point for combining core attributes in an index framework, the core
attributes were rescaled as scores from 0 to 10 by using equations that modelled attribute scores as a
function of the raw attribute data. The set of equations for scoring the 12 attributes is shown in Table 3.
The equations were constrained so that the rescaled score was always between 0 and 10. This approach
led to very little loss of information in the rescaling process.

Table 3: Regression equations used to assign a score to the quantitative values of indices on a scale of 0-10 

  Index Regression equation   R2

1 Mean of DBH Score = -8.1+ X · 1.49 0.903
2 Tree size diversity (TSD) Score = -55.247 + X · 176. 22 0.934
3 Horizontal variation in DBH (CV) Score = -13.292 + X · 2. 95 0.995
4 Maximum DBH Score = -11.751 + X · 0. 78 0.981
5 Gini coefficient Score = -3.981 + X · 22. 67 0.936
6 Frequency of smaller than 5 cm Score = 2.542 + X · 0. 22 0.988
7 Height of overstory Score = -6.853+ X · 3.121 0.928
8 Height class richness Score =- 4.872 + X · 1. 68 0.978
9 Species richness Score =- 3.489 + X · 1. 04 0.897
10 Understory stem/ha Score = 3.862 + X · 0. 17 0.851
11 Number of dead trees (n) Score = 3.879 + X · 0. 14 0.843
12 Log volume Score = 3.824 + X · 6. 97 0.843

Correlation coe�cients for  different stand attributes in the absence and presence locations are shown in
Table 4.  The structural complexity index was positively correlated with trees of DBH smaller than 5 cm,
height of overstorey, number of dead trees and log volume.
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Table 4: Correlation coefficients for different stand attributes in the absence and presence

locations

Figure 4 shows the density of all trees and trees smaller than 5 cm in diameter in two absence and
presence locations. Comparison of the density of trees in the DBH distribution classes showed that in the
presence location, most of the trees were of DBH less than 10 cm but no great difference in the absence
location. Unlike the density of all trees in both regions, a high density of trees with DBH smaller than 5cm
was observed in the absence location while the density was balanced in the presence area. The
Caucasian grouse was observed in the site with trees smaller than 10 cm and a balanced density of trees
smaller than 5 cm. In the presence location, the forets understory is currently being reestablished.  

The TSD provides an estimate of the ratio of trees in the DBH class 10-15 as a reference DBH class for
 all trees in the sample plots. The TSD values were higher in the absence location than in the presence
location, although the difference was not signi�cant (Figure 5). The frequency of trees in the 10-15 DBH
classes was higher in the absence location than in the presence location. The CV of DBH indicated a
signi�cant difference between the two locations. According to the CV of DBH, the variation in DBH in the
presence location was higher than in the absence location and the structure was more heterogeneous.
The species was observed in a region with different DBH. However, in the absence location, the DBH of
trees was similar, with a low CV of DBH. In all sample plots in the absence location, the structural
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complexity index (SCI) for the Caucasian grouse was higher than in the presence location. In total, the SCI
was higher in the absence location than in the presence location. Grouse habitats had low SCI values
(Figure 5). The SCI differed signi�cantly (at the 0.001 level) between absence and presence locations.
The number of understory trees differed signi�cantly between the two regions without the size of
understory trees (Figure 5).   

     In the presence area, the forest �oor was barer, without accumulation of dead trees. The presence
location of the Caucasian grouse was characterized by small numbers of dead trees and also a low log
volume. The number of dead trees differed signi�cantly (at the 0.01 level) between  the two areas (Figure
6).

4. Discussion
Forests provide habitats for diverse wildlife and grouse species. The dependency of species on resources
varies with the habitat location as a combined variable in forest structural complexity. This research
focused on forest structural complexity in the locations where the Caucasian grouse was absent and
present. Determination of forest structural complexity (SCI) and the type of forest management in the
absence locations by patterning from the presence area is a key for preservation of most of this species
habitat throughout the Arasbaran biosphere reserve.

Overstorey tree species richness was lower in the presence location (12 species) than in the absence
location (16 species). These observations are consistent with the �ndings of Braunisch et al (2019), who
reported that some grouse species such as Capercaillie bene�t from overexploitation and thrive in the
early forest successional stages.  

The Caucasian grouse depends on forests for foraging and feeding. The type of plant species present is
the main factor determining habitat selection. The presence of bilberry (Vaccinium myrtillus) was
mentioned as the main factor in the selection of forest habitat by another type of grouse, i.e. the
Capercaillie (Tetrao urogallus), in central Europe (Braunisch et al. 2019; Storch 1993). Another species in
the berry family, the red currant (Ribes biberestentii) was found in the Caucasian grouse presence
location. These fruits provide high energy for this species. Low or lack of access to food sources such
as red currant (Ribes biberestentii) can reduce the habitat suitability for adult grouse. Indeed, preferred
food availability may explain the absence of birds in structurally heterogeneous forests as grouse species
are often absent from highly developed, complex forest structures. Natural and arti�cial threats can lead
to strong dependence of the species on the presence locations. In other areas, with the complex structure
of oak and a high  degree of competitiveness, fruit trees on which the Caucasian grouse feeds are
eliminated, thus limiting the presence of this species. 

Although Schäublin and Bollmann (2011) reported that forest practices have not inhibited the
development of light-demanding food species of the genera Sorbus, Rosa, etc., we observed some of
these species (e.g. Ribes biebersteinii, Rosa canina, Sorbus aucuparia and Viburnum lantana) in the
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presence location. In addition to fruit, the buds and catkins of these trees represent important elements of
the winter food for these bird species (Müller et al. 2009).    

The structural complexity index (SCI) values were higher in the Caucasian grouse absence location than
in the presence location. Grouse habitats had a low SCI value (Figure 5). This �nding contrasts with those
of Braunisch et al (2019), who reported that the Capercaillie is negatively affected by the results of
selective cutting, such as increasing canopy closure, lack of clearings and homogenization of forest
structurel. SOther researchers reported that the lower structural complexity index due to widespread
conversion of structurally heterogeneous stands to uniform, single-layered stands may have caused the
hazel grouse populations to decline (Schäublin and Bollmann 2011). 

The number of understory trees differed signi�cantly between the two types of location (Figure 5). The
presence location had a dense understorey, which the Caucasian grouse prefers. Similar �ndings have
been reported for the Capercaillie (Storch, 1993). A well-developed understorey with deciduous species is
essential for ensuring optimal availability of food for the Caucasian grouse. Understory vegetation can
also provide for cover for grouse chicks during the snow-free season and help to protect them from
natural and arti�cial threats such as predators and game hunters (Müller et al. 2009; Schäublin and
Bollmann 2011). This is consistent with our �ndings of high-density understorey in early-stage
succession forests. 

The importance of coarse woody debris in the diversity and abundance of bird species has been
emphasized by many researchers (Acosta-Jamett and Simonetti 2004; Mac Nally et al. 2001; Tomasevic
and Estades 2006). Birds depend on coarse woody debris for different uses. Although a positive
relationship between coarse woody debris and avian diversity and abundance has been reported (Lohr et
al. 2002), our �ndings showed that the presence of the Caucasian  grouse was associated with a small
number of dead trees and low volume of logs. The Caucasian grouse nests on the ground and below
shrubs, and the presence coarse woody debris in the understory and on the ground may hinder nesting.
Collection of coarse woody debris as fuelwood in the Caucasian grouse presence area has decreased the
number of dead trees and log volume (Ghanbari et al. 2015). In other studies, exploitation of coarse
woody debris as fuelwood has been recommended (Mac Nally et al. 2001). However,  in the present study
coarse woody debris was strongly correlated with forest structural complexity (with number of dead
trees=0.75 and log volume=0.97). 

The present study analyzed data on the stand structure that provides vital information about the
presence of the Caucasian grouse and habitat suitability, with the aim of developing effective
conservation programmes and plans. In this respect, particular effort should be made to preserve highly
suitable habitat and surroundings areas from anthropogenic disturbance to prevent future threats to the
population, as has occurred in other cases in Europe (Quevedo et al. 2006).

5. Conclusion
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This study focused on the difference between the areas where the Caucasian grouse is present and
absent in the Arasbaran biosphere reserve in Iran. The study �ndings showed that the structural
complexity index values were lower in the presence location than in the absence location. Some light-
demanding  plant species such as Ribes biebersteinii, Rosa canina, Sorbus aucuparia and Viburnum
lantana identi�ed in the presence area  provide food for the bird species in the form of fruit during the
summer and buds and catkins during the winter. Therefore, we suggest that silviculature management
should increase the density of fruit-bearing species as food sources for the Caucasian grouse. We also
con�rmed that dense understory vegetation helps to protect the Caucasian grouse from different threats,
as found by other researchers (Schäublin and Bollmann 2011). Many researchers who emphasize that
the presence of coarse woody debris increases the presence of bird species (Acosta-Jamett and
Simonetti 2004; Tomasevic and Estades 2006). However,  we only found small amounts of coarse woody
debris in the areas where this bird species was present, as local residents collect the woody debris as
�rewood (Ghanbari et al. 2015). We thus recommend decreasing forest structural complexity by
encouraging the removal of coarse woody debris in the Caucasian grouse habitat. However, the effects of
human disturbance on forest structure and the Caucasian grouse population requires further study.
Maintaining a heterogeneous forest structure is important to help protect this species. We also
recommend that fruit trees on which this species feeds should be preserved in the forest structure. Future
studies should address the long-term effects of natural and arti�cial disturbances on forest structure and
biodiversity.
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Figure 1

Map of the study area showing the presence and absence locations of the Caucasian grouse (Lyrurus
mlokosiewiczi) in the Arasbaran Biosphere Reserve, NW Iran. PL: Presence location, AL: Absence location.
Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.

Figure 2

Frequency of overstorey trees in the different DBH classes in the Caucasian grouse absence and presence
locations
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Figure 3

Frequency distribution of understorey trees in the different height and DBH classes in the absence and
presence locations
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Figure 4

Density of all trees and trees with DBH smaller than 5 cm in the absence and presence locations
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Figure 5

Differences in some attributes in two absence and presence locations of the Caucasian grouse
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Figure 6

Number of dead trees and log volume in the Caucasian grouse absence and presence locations


