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Abstract

Keivan Behjou F., Ghaffarzadeh Mollabashi O. (2017): Impact of logging intensity on stem density, basal area
and biodiversity indices five years after logging in a Caspian hardwood forest. J. For. Sci., 63: 167-172.

The aim of the present study was to analyse the impacts of different logging intensities after five years from logging
including non-logged, low (3.4 felled stems per hectare), medium (5.2 felled stems per hectare) and high (7.1 felled
stems per hectare) treatments on stem density, basal area, canopy cover, and forest biodiversity indices. The study area
was located in northern Iran. Data was collected on a set of 120 circular plots with 5 m radius from both non-logged
and logging areas. Stem density, basal area, and percentage of canopy cover were measured. Biodiversity study was
done by measuring two diversity indices including Simpson’s and Shannon-Wiener’s, two richness indices including
Margalef’s and Menhinick’s and two evenness indices including Pielou’s and Hill’s indices. The results indicated that
the treatment with the medium logging intensity was found to cause the highest amount of positive effects on stem
density, basal area, and biodiversity indices. It is concluded that harvesting intensity should be limited to a medium
level (approximately 5 felled trees per hectare) during each logging operation to improve forest biodiversity indices.
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Caspian forests are important for environmental
reasons such as biodiversity, protection of plants
and animals and as a carbon sink (ERIKSON et al.
2012). These forests belong to the rich and biologi-
cally diverse ecosystems in Iran with valuable va-
riety of endemic species. It is proved that the eco-
systems with high species diversity are more stable
and resilient to human disturbances compared with
those having low species diversity (HEGETSCHWEI-
LER et al. 2009; TYNSONG, TrwAR1 2010). Biologi-
cal diversity is now recognized increasingly as a
vital parameter to assess global and local environ-
mental changes and sustainability of developmen-
tal activities (SAHA et al. 2011). Selective logging
has been denoted as the practice of harvesting the
most important timber species in natural forests,
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allowing the remaining forest to naturally regen-
erate over time (BAwA, SEIDLER 1998). Selective
logging, the harvest of valuable timber trees above
a threshold stem diameter with prescriptions de-
signed to maintain the forest cover, is considered
to be a better practice compared with clear-cutting
and it is increasingly embraced as an approach to
protect forest integrity while allowing an appropri-
ate use of resources (DECKKER, DE GRAAF 2003;
RAMETSTEINER, SIMULA 2003). In recent decades,
many tropical forest nations have adopted the
mechanized selective logging regimes for timber
production (GAscoN et al. 1998; DE WASSEIGE,
DEFOURNY 2004; DriGoO et al. 2009). Biodiversity
maintenance is a key management objective and a
requisite for sustainable forestry and it is necessary
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to understand the dynamics and heterogeneity of
natural forests to provide guidelines for manage-
ment (SPIES, TURNER 1999; LINDENMAYER et al.
2000). Despite the weak scientific evidences, selec-
tive logging is considered as a “sustainable forest
management” practice and it is increasingly em-
braced as an approach to protect forest integrity
while allowing an appropriate use of resources.

Undisturbed tropical forests have become ex-
tremely rare (GARDNER et al. 2009). Thus, forest
management should focus on maximizing the con-
servation values of human-modified forest (GARD-
NER et al. 2009). In this context, selective logging
was proposed as a management option to main-
tain conservation values, in terms of carbon stocks
and biodiversity, as well as the economic value of a
once-logged forest (PuTz et al. 2012).

In this context, forest logging activity can be
understood as disturbances that may have a large
influence on the biodiversity of the forest. Log-
ging activities can cause extensive damage to soil,
ground vegetation, shrubs and trees (BEHjOU,
MOLLABASHI 2013).

In recent years, research on biodiversity in man-
aged landscapes has been motivated by species de-
clines and habitat loss (HALPERN, SPIES 1995) and
the use of management practices to emulate natu-
ral disturbances and dynamics has been explored
in several studies (HANSEN et al. 1991; NIEMELA
1999). The compatibility of logging activities and
biodiversity conservation in forests is a critical
challenge (BEHJjOU, MoLLABASHI 2013), not only
because of societal demands but also because hu-
man-managed ecosystems are critical for main-
taining biodiversity (PIMENTEL et al. 1992). Our
study aims to assess the effects of logging intensity
on some forest site parameters and forest biodiver-
sity indices in the Caspian forest. Specifically, the
aim of this study is to analyse the effects of logging
intensity on biodiversity indicators of tree species
diversity, richness and evenness. Little information
is available about the impact of logging intensity on
some forest site parameters and biodiversity indi-
ces. The Caspian forests in the north of Iran, as an
important ecological area, are considered to belong
to the areas of Iran with the richest biodiversity.

The impact of forest logging on population char-
acteristics is well documented but little is known
about the impact on biodiversity, so the main ob-
jectives of the present study are: (i) comparing in-
dicators of biodiversity between non-logged and
logged areas, (ii) evaluating the effects of different
logging intensities on stem density, basal area and
biodiversity indices.
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MATERIAL AND METHODS

Material. The study was performed in the Hyr-
canian forest region of Iran (north of Iran). Condi-
tions in the region have favoured great vegetation
diversity and a number of endemic species. In the
region, some parts of the forest have been impacted
by logging activities for decades and a small amount
of non-logged forests remains. The dominant forest
tree species in the region are hornbeam (Carpinus
betulus Linnaeus), beech (Fagus orientalis Linnae-
us) and maple (Acer velutinum Boissier). The study
was done 5 years after logging.

Methods. Sampling plots are located according
to a systematic sampling design in the intersections
of the 50 x 50 m grid that fall inside forests, with an
average sampling intensity of four plots per hectare
of land. Plots were circular and concentric, with a
fixed size, with a plot radius of 5 m (approximately
78.5 m?). The total number of sampling plots that
were analysed was 120 in the logged forest. Gen-
erally, in studied parts 2 areas including impacted
areas (3 different logging intensities) and one non-
logged area were studied by sampling. Sixty plots
are located in a control area (non-logged area)
and sixty are located in logging areas (impacted
area) (totally 120 plots). The logging area was di-
vided into three categories including low intensity
(20 plots), medium intensity (20 plots), and high
intensity (20 plots).

Biodiversity study was done by measuring two
diversity indices including Simpson’s and Shan-
non-Wiener diversity index, two richness indices
including Margalef’s and Menhinick’s diversity
index and two evenness indices including Pielou’s
and Hill’s diversity index.

ANOVA was used to examine the impact of dif-
ferent logging intensities on the number of indi-
vidual trees, basal area and the amount of canopy
cover. To test for significant effects of different log-
ging intensities (low, medium, and high), the mean
values for the biodiversity indicators on the plots
were contrasted with those corresponding to the
control plots.

RESULTS AND DISCUSSION

Descriptive statistics for the number of individu-
als per hectare, basal area per hectare and canopy
cover per hectare are given for each area in Table 1.
Summary statistics are given for estimates of each
variable and for each area (protected and logged ar-
eas with different logging intensities) (Table 1). The
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Table 1. Descriptive statistics of the variables in the plots in four treatments*

Variable Treatment Number Mean SD
non-logged 60 142 7.40
Stem density (No. of stems per ha) X 10\.»v 20 148.1 >.20
logged* medium 20 151.3 6.10
high 20 134.1 6.20
non-logged 60 23.1 4.9
Basal area (m2ha!) . 10‘,” 20 24.7 o4
logged* medium 20 25.3 4.2
high 20 21.7 5.3
non-logged 60 81.13 5.64
low 20 77.32 9.97
C %
anopy cover (%) logged* medium 20 73.15 11.22
high 20 68.66 12.09
*including non-logged, low, medium and high logging intensity; SD — standard deviation
Table 2. The diversity indices of control and disturbed areas
Index
Treatment logging intensity diversity richness evenness
Simpson  Shannon-Wiener = Margalef Menhinick Pielou Hill
Non-logged 0.53 (0.02) 0.88 (0.06) 0.81 (0.04)  0.85(0.07)  0.83(0.04)  0.83(0.02)
low 0.66 (0.08) 1.22 (0.15) 1.29(0.12) 091 (0.06)  0.88(0.03)  0.86 (0.09)
Logged medium 0.68 (0.05) 1.26 (0.09) 1.30 (0.10)  0.90 (0.08)  0.91(0.11)  0.89 (0.05)
high 0.61 (0.03) 0.90 (0.05) 0.87 (0.15)  0.82(0.03)  0.85(0.04)  0.81(0.01)

the values of standard errors are shown in parentheses

results of one-way ANOVA indicate that logged
stands had significantly lower stem density (F; |, =
45.43, P = 0.000), basal area (F.

5 110 = 31.36, P =
0.000), canopy cover (F, ,,, = 109.56, P = 0.000), di-

, 119

versity (ng 110 = 109.56, P = 0.000), richness (Fg’ 1o =
109.56, P = 0.000), and evenness (F, ,,, = 109.56,

P = 0.000) than non-logged areas (Tables 2 and 3).
The results of Duncan’s test indicate that the stem
density in high logging intensity was significantly
smaller than in the other three treatments (Fig. 1a).
The lower stem density in the non-logged area indi-
cated that logging activities tended to increase den-
sity with the increasing intensity of logging. In the
non-logged area basal area was significantly higher
than in the logging areas accepted for areas with
high logging intensity (Fig. 1b). Higher basal area
in the logging area indicated that logging activities
tended to increase the basal area. Also, according
to Fig. 1c the percentage of canopy cover in the
non-logged area was significantly higher than in
logged areas (low, medium, and high logging inten-
sities). The lower percentage of canopy cover in the
logging area indicated that logging activities tend-
ed to decrease the canopy area. Also the results of
Duncan’s test for a comparison of diversity, rich-
ness, and evenness indices between non-logged
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and logging areas indicate that plant biodiversity
indices tended to increase, so that this increase will
be reached to the highest point in medium logging
intensity (Figs 2a—c).

Some differences in stem density, basal area and
canopy cover were recorded in logged area com-
pared to non-logged area. Some researchers have
reported similar results (CAKIR et al. 2010). Also,
the present study shows that logging activities af-
fected the tree diversity indices. The low values
of biodiversity indices were obtained in high log-
ging intensity, which precludes the existence of
forests in advanced or decadent stages of devel-

Table 3. ANOVA of the effect of logging intensity on stem
density, basal area, canopy cover, diversity, richness and

evenness

Variable Fy P
Stem density 45.43 0.000**
Basal area 31.36 0.000%*
Canopy cover 109.56 0.000%*
Diversity 49.66 0.000**
Richness 43.87 0.000%*
Evenness 54.26 0.000%*
**P<0.01
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Fig. 1. Stem density (a), basal area (b), percentage of canopy
cover (c) in non-logged and logged areas

opment and negatively impacts on the abundance
of these elements that are considered critical for
forest biodiversity, as has been observed by nu-
merous authors (GREEN, PETERKEN 1997; Row-
LAND et al. 2005). HANSEN et al. (1991) reported
similar results for intensively managed forests in
the Coastal Northwest of the United States, where
they found a higher abundance of large trees and
large snags in natural forests than in managed
stands. This result was supported in part by oth-
er authors (ROWLAND et al. 2005). Many studies
have pointed out that vegetation was affected by
logging activities, and they noticed a negative cor-
relation between logging intensity and plant cov-
er, species richness and species diversity (SARAH,
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Fig. 2. The values of diversity (a), richness (b), evenness (c)
index in non-logged and logged areas

ZHEVELEV 2007; CAKIR et al. 2010). Our results
complete other studies on changes in plant popu-
lations and communities due to logging activities
(Nuzzo 1995; FARRIS 1998; MCMILLAN, LARSON
2002; RUSTERHOLZ et al. 2004).

CONCLUSIONS

According to the results of the present study, the
logging intensity in the studied region should be
monitored to improve the quantity and quality of
the biodiversity, it is important for developing res-
toration plans in forest sites affected by intensive
logging activities.
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The results proved that the stem density in me-
dium logging intensity is at the highest level com-
pared to other treatments.

According to the results the basal area in low and
medium logging intensity is at the highest level
compared to non-logged and high logging intensity.

The results of the present study showed that the
percentage of canopy cover in non-logged areas
and low logging intensity is at the highest level
compared to other treatments.

The results of the present study indicated that the
values of diversity index in low and medium log-
ging intensities are at the highest level compared to
other treatments.

The results of the present study proved that the
values of richness index in low and medium log-
ging intensities are at the highest level compared to
other treatments.

The results of the present study indicated that the
values of evenness index in low and medium log-
ging intensities are at the highest level compared to
other treatments.

As commercial logging in Caspian forests is ap-
plied by natural resources policy makers, it can be
concluded that a medium-level logging intensity
may be beneficial for moving toward sustainable
forest management regarding ecological and eco-
nomic aspects.
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