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Abstract
This study investigates the effect of canopy gaps created by single-tree selection cutting on 

regeneration density and diversity in Oriental beech (Fagus orientalis Lipsky) forests of Northern 
Iran. Five gaps within each of three different size classes (small (100–200 m2), medium (200–
300 m2), and large (300–400 m2)), together with 15 control areas located in the undisturbed forest 
surrounding each gap were randomly selected. Abundance of tree regeneration was measured 
in 4-m2 quadrates established within each gap and control area. The percent cover of herba-
ceous species and litter depth was also quantified. Shannon diversity, Smith-Wilson evenness 
and Margalef richness indices were then computed for each quadrate. Results indicated that 
percent cover of herbaceous species increased significantly with increasing gap size while the 
opposite was observed for litter depth. Species richness and Shannon diversity index values 
were higher in gaps than in control areas, but significant differences were only detected between 
medium size gaps and control areas. With the exception of large gaps, regeneration density was 
higher in gaps than in control areas. These results indicate that natural tree regeneration in beech 
forests of Northern Iran tends to be maximized at intermediate levels of canopy gap size, which 
also correspond to intermediate levels of litter depth and percent cover of herbaceous species.
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Introduction

Forests are dynamic systems subjected 
to continuous changes (Stanciou and 
O’Hara 2005) induced by natural (e.g. fire 
or flood) or anthropogenic (e.g. harvest-
ing) disturbances. These disturbances 
may markedly affect forest ecosystems 
(Legout et al. 2009) through, for example, 
the periodic formation of canopy gaps of 
different sizes that can produce differ-

ent mosaic patterns at the forest scale 
(Yamamoto et al. 2011). In turn, these 
gaps generally promote the establishment 
and development of tree seedlings that 
are important for forest sustainability and 
that can lead to significant changes in for-
est composition, structure and functions 
(Millington et al. 2012).

The effects of canopy gaps on tree 
regeneration have been studied by many 
authors (Denslow 1995, Mountford et al. 
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2006, d’Oliveira 2009, Sefidi et al. 2011, 
Diaci et al. 2012, Schwartz et al. 2013, 
Mallik et al. 2014). Several studies indicat-
ed that gaps can be a key factor in regen-
eration establishment and further seed-
ling growth of many plant species (Runkle 
1982, Sapkota et al. 2009, Muscolo et al. 
2010, Schliemann and Bockheim 2011). 
For example, the density and diversity of 
woody plant regeneration were higher in 
gaps created by partial harvesting than 
in an adjacent undisturbed boreal forest 
stand (Mallik et al. 2014). Indeed, cano-
py gaps can cause changes in light, soil 
moisture, nutrient availability, litter depth 
and other factors that affect tree regen-
eration and long-term forest structure and 
composition (van Dam 2001, Dupuy and 
Chazdon 2008). In other words, canopy 
gaps can increase resource availability 
for plant regeneration and provide various 
niches for the establishment of tree spe-
cies of different life traits, which can help 
maintain tree density and diversity (Nasci-
mento et al. 2012).

On the other hand, canopy gaps were 
sometimes reported to have little influence 
on seedling establishment and growth 
(D’Oliveira and Ribas 2011) because 
many species, particularly shade-toler-
ant species, could be established before 
gap formation (Nagel et al. 2010). These 
contrasting results could be explained by 
differences in studied regions (Runkle 
1985) as well as in gap features such as 
size, shape (Li et al. 2005), age (Clinton 
et al. 1994) and orientation (Duguid et al. 
2013). In particular, gap size was reported 
to play an important role for the establish-
ment, survival and growth of different tree 
species (Denslow 1987).

In many beech forests of Northern Iran, 
canopy gaps of different sizes, directly or 
indirectly created by human activities, are 
the dominant source of regeneration in F. 

orientalis forests in northern Iran (Sagheb-
Talebi et al. 2005, Sefidi et al. 2011). These 
authors reported that canopy gaps are 
generally well regenerated due to their par-
ticular environmental conditions. Northern 
Iranian forests, which are also known as 
Hyrcanian forests, have been established 
since over 1 million years and are consid-
ered one of the oldest forest ecosystems 
of the world. In the past, these forests cov-
ered 5 million ha but today, overexploita-
tion reduced this area to about 1.8 million 
ha of which only 1.2 million ha are consid-
ered high quality commercial forests. This 
highlights not only the importance of pro-
tecting Northern Iranian forests, but also 
the necessity to help establish tree regen-
eration by creating canopy gaps through 
the application of selection cutting systems 
(Marvie-Mohadjer 2011).

To promote sustainability of these 
forests and pursue efficient forest har-
vesting, it is important to document the 
effects of canopy gaps on tree regen-
eration establishment. Therefore, the 
main objectives of this study are: 1) to 
determine the effects of canopy gaps 
created by selection cutting on tree re-
generation density; 2) to compare tree 
species diversity between gaps of dif-
ferent sizes and adjacent forest areas; 
and 3) to explore the role of the percent 
cover of herbaceous species and leaf lit-
ter depth on the density and diversity of 
tree regeneration in different size gaps 
and forest areas.

Material and Methods

Study area

This study was conducted in an 82-ha for-
est area of Asalem region in the west of 
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Guilan province in Northern Iran. This area 
is located between latitudes 37°32ʹ38ʺ N 
and 37°35ʹ56ʺ N and longitudes 48°42ʹ27ʺ 
E and 48°47ʹ55ʺ E. The north aspect domi-
nates the landscape whereas elevation 
varies from 900 to 2000 m a.s.l. According 
to the nearest meteorological station 
(Pylambara), mean annual temperature 
and precipitation are 15 °C and 1440 mm, 
respectively. Based on Domarten classifi-
cation, the regional climate is considered 
very humid. Common forest soils are slight-
ly acidic with a pH varying from 5.2 to 5.9. 
Types of parent material include tuff, shill 
and calcareous with minor traces of basalt 
and schist. The general soil type is forest 
brown (Dystric-Eutric Cambisols), with a 
texture from medium to slightly heavy and 
a maximum depth of 80 cm. This uneven-
aged forest is of natural origin and is domi-
nated by Oriental beech (Fagus orientalis). 
Dominant height is 32 m while mean stand 
density is 308 trees per hectare with many 
individuals observed in diameter classes 
25 to 35 cm. The forest composition is com-
pleted by other deciduous broadleaved 
species, mainly Cappadocian maple (Acer 
cappadocicum Gled.), Common horn-
beam (Carpinus betulus L.), Wild service 
tree (Sorbus torminalis (L.) Crantz), Wych 
elm (Ulmus glabra Huds.), Caucasian al-
der (Alnus subcordata C.A.Mey.), and 
Wild cherry (Cerasus avium (L.) Moench) 
(Anonymous 2003).

Treatments and data collection

Canopy gaps in the studied forest were 
created by single-tree selection system 
applied in 2006 while all measurements 
were conducted during July 2013. Canopy 
gaps were all located on a northern as-
pect with a slope varying from 30 to 35 %. 
At the beginning of the study, 35 artificial 
gaps were identified according to the pres-

ence of cut tree stumps. Because most of 
these gaps were elliptically shaped, gap 
area was estimated using Runkle’s ellip-
soid method (Runkle 1982):

  ,

where A is the gap area, L is the ellipse 
length (long diameter), and W is the ellipse 
width (short diameter). After determining 
the area, gaps were divided into three 
categories: small (100–200 m2), medium 
(200–300  m2), and large (300–400  m2) 
(Table 1). Then, five gaps were randomly 
selected in each category for a total of 15 
gaps (Berg and Van Lear 2004).

To compare regeneration density and 
diversity observed in canopy gaps with 
those observed under closed canopy, con-
trol areas were identified in the undisturbed 
forest surrounding each gap. These control 
areas were selected to have topographical 
characteristics similar to those of adjacent 
gaps and were located at least 15 m from 
gap edges (Wang and Liu 2011). Control 
areas were as numerous as gaps, i.e. 5 
control areas for each size class, for a total 
of 15 control areas. To determine the re-
generation density (number of tree seed-
lings/m2) within each gap, 2×2 m quadrates 
were systematically established 1 m apart 
along the two diameters of the ellipsoidal 

Gaps Area, 
m2

Number of 
identified 

gaps

Number of 
selected 

gaps

Small 100–200 17 5

Medium 200–300 8 5

Large 300–400 10 5

Table 1. Characteristics of gaps created by 
single-tree selection system (Berg and 

Van Lear 2004).



N. Hamrang, H. Pourbabaei, M. Nikooy, and D. Pothier192

gaps (Brockway and Outcalt 1998). Their 
number established in each gap thus de-
pended on the gap size and varied from 8 
to 15. The establishment of quadrates in 
control areas followed exactly that of the 
corresponding gaps and their number thus 
also varied from 8 to 15 in each control 
area. Within each of these 4-m2 quadrates, 
the number of tree seedlings shorter than 
130  cm was determined (Abrari Vajari et 
al. 2011) as well the percent cover of her-
baceous species using Domin’s criterion 
(Mueller and Ellenberg 1989). In addition, 
the litter thickness was measured with a 
ruler in the center of each quadrate.

Data analysis

To calculate diversity, evenness, and rich-
ness of regeneration species in the gaps 
and control areas, the following indices 
were used:

– Shannon-Wiener diversity index,
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where: pi is the relative frequency of the 
ith species, ni is the number of individu-
als of the ith species, nj is the number of 
individual of the jth species, S is the total 
number of species (richness), and N is 
the total number of individuals. These in-
dices were calculated using the Ecologi-
cal Methodology software (Krebs 1999).

Kolmogorov-Smirnov test was used 
to evaluate the normality of data and 
Levene’s test was used to investigate 
the homogeneity of variances. After se-
curing data normality, paired t-tests were 
used to compare tree regeneration den-
sity and diversity between canopy gaps 
and control areas. Regression analyses 
were used to examine the relationships 
between gap area and both litter depth 
and percent cover of herbaceous spe-
cies by giving a gap area of 0 m to each 
control area. All statistical analyses 
were performed using the SPSS 16.0 
software.

Results

Effect of canopy gaps on tree 
regeneration density and diversity

Regeneration densities were higher in 
small and medium size canopy gaps com-
pared to control areas, but no significant 

differences were found between 
them (Table 2).

Diversity and richness index 
values were greater in all size 
gaps compared to control areas. 

Shannon-Wiener (Hʹ) and Margalef (Dmg) 

Study areas Density, N/m2 p
Small gap

CA
47±5.5
46±10.6 0.864 ns

Medium gap
CA

122±25.7
93±24.7 0.227 ns

Large gap
CA

83±18.7
143±49.9 0.417 ns

Note: ns is no significance.

Table 2. Mean (±SE) density of tree seedlings 
(N/m2) in gaps and corresponding 

control areas (CA).
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index values were signifi-
cantly higher in the medium 
size gaps than in the control 
areas (α ˂  0.5), while Smith-
Wilson evenness index was 
lower in gaps than in control 
areas even though differ-
ences were not significant 
(Table 3).

Effect of canopy gaps 
on percent cover of 
herbaceous species and 
litter depth

The percent cover of herba-
ceous species significantly 
increased with increasing 
gap size (Fig. 1a), while the 
opposite was observed for 
litter depth (Fig. 1b).

Regression analysis calcu-
lated between litter depth and 
tree seedling densities are 
presented in Figure 2. Within 
both canopy gaps and con-
trol areas, tree seedling den-
sity was negatively and signifi-
cantly related to litter depth, 
with a steeper slope associ-
ated with control areas com-
pared to canopy gaps (Fig. 2).

Discussion

In general, higher values of 
both Margalef’s richness and 
Shannon diversity indices 
were observed in gaps of 
various sizes compared to 
control areas in accordance 

Study areas
Diversity indices

Hʹ Evar Dmg

Small gap
CA

1.22±0.2
1.2±0.1

0.545±0.1
0.719±0.1

3.137±0.2
2.926±0.3

Medium gap
CA

1.28±0.1*

0.84±0.7*
0.379±0.1

0.745±0.05
3.187±0.4*

1.967±0.2*

Large gap
CA

1.49±0.09
1.03±0.1

0.588±0.1
0.605±0.1

3.365±0.4
2.99±0.5

Note: * indicate a significant difference at P ˂ 0.05 between gaps and 
control areas. Hʹ – Shannon-Wiener diversity index; Evar – Smith-
Wilson evenness index; Dmg – Margalef’s richness index.

Table 3. Mean (±SE) of diversity indices in gaps and 
corresponding control areas (CA).

Fig. 1. Relationship between gap area and herbaceous percent 
cover (a), and litter depth (b) in different canopy gap sizes. Gap 

size under closed canopy was considered as 0.
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with the results of Naaf and Wulf (2007) 
and Wang and Liu (2011). Forest gaps cre 
ated by partial harvesting generate eco-
logical niches for various species regen-
eration as a result of micro-environmental 
heterogeneity (Li et al. 2005). Moreover, 
gaps generally increase available re-
sources, particularly light (Denslow 1987, 
Romell et al. 2008) and soil moisture 
(Griffiths et al. 2010). Therefore, competi-
tion for obtaining these resources is lower 
in canopy gaps (Cahill and Casper 2002) 
within which seedling growth and diversity 
are higher than in control areas.

Species diversity and richness in me-
dium size gaps were significantly greater 
than in control areas because gaps pro-
mote the establishment of shade intoler-
ant species before crown closure (Wang 
and Liu 2011). Results from Albanesi et 
al. (2005) obtained in fir forests and those 
of Pourbabaei et al. (2013) in beech for-
ests also showed that a gap range of 
200–300  m2 was the most suitable size 
for establishing and diversifying tree re-
generation.

In small canopy gaps, species diver-
sity and richness were only slightly higher 
than in closed canopy likely because of 
very small differences in environmental 

conditions such as light and 
nutrient availability (Fahey 
and Puettmann 2007). Small 
differences in percent herba-
ceous cover were also ob-
served between small gaps  
and control areas (Fig. 1a).  
These small differences 
were likely related to the ef-
fect of surrounding trees 
which substantially shade 
the gap perimeter and even 
the gap center (Gagnon et 
al. 2004). Therefore, small 
canopy gaps were not asso-
ciated with changes in forest 

floor plant communities which can thus be 
considered as relatively stable (Promis et 
al. 2012). The small differences between 
small canopy gaps and control areas can 
even disappear over a short period of time 
because of canopy closure which would 
likely prevent the development of many 
species, especially the shade intolerant 
ones (Franklin et al. 2002). Hence, these 
gaps will be mostly filled by shade-tolerant 
tree species, which can lead to a decline 
in regeneration diversity and richness 
(Anderson and Leopold 2002).

Species diversity and richness were 
not significantly different between large 
canopy gaps and control areas. This re-
sult is likely related to the larger exposition 
to full sunlight and high temperatures in 
large canopy gaps, conditions that pro-
motes the growth of herbaceous species 
which, in turn, limit the establishment and 
development of tree seedlings. This is 
supported by significant positive relation-
ship between the percent cover of her-
baceous species and gap size (Fig. 1a). 
Therefore, the germination, establishment 
and spatial arrangement of regeneration 
in large gaps may be influenced by the 
presence of abundant herbaceous spe-

Fig. 2. Relationship between litter depth and seedling density in 
gaps (solid line), and under closed canopy (dotted line).
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cies, which compete for light, water and 
nutrients (George and Bazzaz 2003, Page 
and Cameron 2006, Hagemann et al. 
2012). The presence of herbaceous spe-
cies can negatively affect seed germina-
tion conditions and thus reduce the abun-
dance of seedlings (Frochot et al. 1996, 
Grant et al. 2003, Godefroid et al. 2005). 
Our results also indicated that species 
richness in small, medium, and large gaps 
were greater than that of control areas in 
accordance with the results of other stud-
ies (Runkle 1982, Denslow 1995, Busing 
and White 1997, Li et al. 2005, Sapkota et 
al. 2009).

Overall, regeneration density between 
gaps and control areas were similar in 
agreement with results of Nagel et al. 
(2010) observed in forests of Bosnia and 
Herzegovina. Accordingly, in Amazonian 
forests, no significant differences were 
observed in seedling densities between 
artificial gaps and closed canopy, 12 
years after gap formation (d’Oliveira and 
Ribas 2011).

The establishment, growth, survival 
and density of tree seedlings can also 
be affected by litter cover (Molofsky and 
Augspurger 1992). Indeed, litter cover can 
directly or indirectly influence plant estab-
lishment by modifying soil temperature 
and moisture, water and nutrient availabil-
ity, herbivory, and plant competition (Ga-
nade and Brown 2002, Dupuy and Chaz-
don 2008). In addition, litter can act as a 
mechanical barrier against seed germina-
tion and seedling establishment (Hutch-
inson et al. 2005). Accordingly, we found 
significant negative relationship between 
litter depth and tree seedling density both 
in canopy gaps and under closed cano-
py (Fig. 2). However, litter in large gaps 
was significantly shallower than in small 
gaps as already observed by Mountford 
et al. (2006) and Griffiths et al. (2010). Al-

though the shallower litter and the canopy 
openness associated with large gaps can 
positively affect seed germination and 
regeneration establishment (Dupuy and 
Chazdon 2008), too large gaps can have 
the opposite effect by reducing seedling 
density through increasing competition by 
herbaceous, shade-intolerant species (Al-
banesi et al. 2005, Mihok et al. 2005). Our 
results clearly show that litter depth affect-
ed tree seedling density, and that these 
effects depended on gap size such that 
increasing litter depth reduced seedling 
density in both gaps and control areas.

Conclusion

The application of selection cutting re-
sulted in the formation of canopy gaps of 
different sizes. These gaps, together with 
small-scale natural disturbances, create 
a mosaic of habitat conditions that diver-
sify the forest (Mallik et al. 2014). Canopy 
gaps provide suitable conditions for the 
establishment of seedlings and are a ma-
jor driver of beech-dominated forest dy-
namics of Northern Iran.

Canopy gap creation through selection 
cuttings must be prioritized to maintain the 
ecological stability of these beech-dom-
inated forests while allowing sustainable 
production. This silvicultural treatment 
should help preserve the natural uneven-
aged structure of these forests, which pro-
motes environmental heterogeneity and 
tree species diversity. According to our 
results, medium-sized gaps were associ-
ated with maximum regeneration density 
while maintaining suitable herbaceous 
cover, litter depth and seedling diversity. 
For future application of the selection cut-
ting system in these forests, it is thus rec-
ommended to create canopy gaps rang-
ing from 200 to 300  m2. If possible, this 
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silvicultural system should be accompa-
nied by the timely removal of herbaceous 
species to reduce competition with newly 
established seedlings.
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