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Abstract
In the current study, the impacts of different intensities of small-scale recreational activities, including noimpacted, slightly impacted, moderately impacted and severely impacted, were analyzed on some stand
parameters and forest biodiversity indicators. The study was conducted in the Fandoghlou forest ecosystem in
Northwestern Iran. Data was collected by a set of 120 circular plots with 5 m radius from both recreational and
control areas. Number of trees, number of species, and canopy cover percentage were measured. In the
biodiversity study, the Berger-Parker dominance index, Fisher alpha diversity index, Margalef richness index and
Equitability J evenness index were used. According to the results obtained in this study, number of trees, number
of species and amount of canopy cover on the recreational area was found considerably lower than that of control
area. On the other hand, there were some crucial changes among different intensities of recreational activities
regarding biodiversity indicators. Thus, studied forest parameters and biodiversity indicators in the recreational
areas were negatively affected by recreational pressure.
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Introduction

activities have been reported by numerous authors

Forests provide a broad range of benefits to society,

(Green

in addition to supplying timber and other marketable

Lindenmayer, 1999; Marage and Lemperiere, 2005;

goods. Forests are important for environmental

Rowland et al., 2005).

and

Peterken,

1997;

McComb

and

reasons such as biodiversity, the protection of plants
and animals, and as a carbon sink (Erikson et al.,

In recent years, research about biodiversity in

2012).

recognized

managed landscapes has been motivated by species

increasingly as a vital parameter to assess global and

decline and habitat loss (Halpern and Spies, 1995)

local environmental changes and sustainability of

and the use of management practices to emulate

developmental activities (Saha et al., 2011). The

natural

biodiversity element of sustainable forestry has been

explored in several studies (Hansen et al., 1991;

especially challenging to forestland owners, states,

Niemela, 1999). The compatibility of recreational

countries, and many other policymaking bodies

activities with biodiversity conservation in forests is

(Hagan

Biological

and

diversity

now

and

dynamics

has

been

Biodiversity

a critical challenge (Behjou, 2012; Behjou and
Mollabashi, 2013), not only because of societal

important requisite for sustainable forestry and it is

demands

necessary

and

ecosystems are critical for maintaining biodiversity

heterogeneity of natural forests to provide guidelines

(Pimentel et al., 1992). Recent studies have analyzed

for

the

understand

management

(Spies

2006).

disturbances

maintenance is a key management objective and an
to

Whitman,

is

the
and

dynamics
Turner,

1999;

but

influence

also

of

because

recreational

human-managed

activities

on

Lindenmayer et al., 2000). It is also important for

biodiversity, suggesting alternatives to maintain

recognizing the role of disturbances as integrated

biodiversity in managed forests. Our study aims to

features of ecosystems (White, 1979). In this context,

assess the effects of recreational activities on some

forest

forest

recreational

activity

treatments can be

site parameters and forest

biodiversity

understood as disturbances that may have a large

indicators in the Fandoghlou forest of Ardabil.

influence

forest.

Specifically, the aim of this study is to analyze the

Recreational activities, in particular the use of fire

effects of recreational activity on biodiversity

places, can cause extensive damage to soil, ground

indicators of tree species richness and diversity. It is

vegetation, shrubs and trees (Amrein et al., 2005;

proved that the ecosystems with high species

Behjou, 2011; Behjou, 2012). Effects of human

diversity are more stable and resilient to human

activities on species diversity have attracted the

disturbances than those having low species diversity

attention of ecologists both from theoretical and

(Hegetschweiler et al., 2009; Tynsongand Tiwari,

practical points of view (Tynsong and Tiwari, 2010).

2010). Effects of recreational activities on plant

Over the past decades, adverse effects associated

communities are attracting more and more attention

with human recreation activities have increased

(Liddle,

progressively (Roovers et al., 2006; Cakir et al.,

available about the impact of recreational activities

2010). In all kinds of recreational areas, soil and

on some forest parameters and biodiversity. The

vegetation properties are the most ecosystem

Fandoghlou forests in northwestern of Iran, as an

properties

on

the

affected

biodiversity

by

of

visitors’

the

1997). However,

little information is

pressure

Ecotone area are considered as one of the richest

(Hegetschweiler et al., 2009; Sarah and Zhevelev,

biodiversity centers of Iran. The main objectives of

2007; Cakir et al., 2010). Some researchers proved

present study are: (i) comparing indicators of

the changes in plant populations and communities

biodiversity between recreational and control areas,

due to recreational activities (Nuzzo, 1996; Farris,

and (ii) evaluating the effects of each of the

1998; McMillan and Larson 2002; Rusterholz et al.,

recreational

2004). Also, negative impacts of recreational

intensities on the biodiversity indicators, testing the
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treatments

with

different
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hypothesis that the control forest has the highest

control area (undisturbed area) and sixty of them

biodiversity values.

were located in recreational area (disturbed area).
Recreational area was divided into three categories

Materials and methods

including slightly impacted (20 plots), moderately

Study area

impacted (20 plots), and severely impacted (20

The study was performed in the Fandoghlou forest

plots).

region of Ardabil (Northwestern Iran). Conditions in
the region have favored great vegetation diversity

Biodiversity study

and a number of endemic species. In the region,

In

some parts of the Forest have been strongly

dominance index, Fisher alpha diversity index,

transformed by human recreational activities for

Margalef richness index and Equitability J evenness

decades and little amount of virgin forests has

index were used. PAST software was used to detect

remained in the region. Currently, forests occupy

biodiversity indices.

the

biodiversity

study,

the

Berger-Parker

about 20% of the territory. The dominant forest tree
species in Fandoghlou are hazel (Corylusaviena),

Statistical analysis

oak (Quercus castanefolia), hornbeam (Carpinus

ANOVA was used to examine the impact of

betulus), beech (Fagus orientalis) and maple (Acer

recreational activities on the number of individual

velutinum).

trees, number of species and the amount of canopy
cover in different areas. To test for significant effects

Methods

of forest recreational activities of different intensities

Sampling method

(slightly

Sampling

plots

were

located

according

to

impacted,

moderately

impacted,

and

a

severely impacted), the mean values for the

systematic sampling design in the intersections of

biodiversity indicators on the plots with the different

the 50 m_ 50 m grids inside forests, with an average

recreational activities were contrasted with those

sampling intensity of four plots per 1 hectare of land.

corresponding to the control plots.

Plots were circular and concentric, with a fixed size,
at a plot radius of 5 m (approximately 78.5 m2). The

Results

total number of sampling plots that were analyzed

Descriptive statistics for number of individuals per

was 120. Generally, 4 areas including 3 recreational

plot, number of tree species per plot, and canopy

activities treatments and one undamaged area were

cover per plot are given for each area in Table 1.

studied by sampling. Sixty of them were located in
Table 2. Analysis of Variance of the Effect of
Summary statistics are given for estimates of each

recreational activities intensity on the number of

variable and for each area (control and recreational

trees, number of species, and canopy cover.

areas with different levels of impact) (Table 1.). The

Variable

MS

F3, 119

pvalue

Number
of trees

353.68

38.74

0.000**

26.88

0.000**

112.40

0.000**

results

of

one-way

ANOVA

indicated

that

recreational stands had significantly fewer amount of
trees (F3,

119=

38.74, P=0.000), number of species

(F3, 119= 26.88, P=0.000), and canopy cover (F3, 119=
112.40, P=0.000) than that of control ones (Table 2.)

Number
21.56
of
tree
species
Percent of 10389.09
canopy
cover
*P<0.05, **P<0.01
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(P=0.000). The results of Tukey test indicated that
number of trees per plot (15.08) in the control area,
was significantly higher than that in the recreational
areas (slightly, moderately, and severely recreational
impacted area (Fig. 1.).
The low number of trees in the recreational area
indicated that recreational activities tended to
decrease the density with increasing intensity of
recreational impact. In the control area number of
species per plot was significantly higher than that in
the recreational areas (slightly, moderately, and
severely recreational impacted area) (Fig. .2).

Fig. 2.The number of species (per plot) in control
area and different recreational areas
The low number of species in the recreational area
indicated

that

recreation

activities

tended

to

decrease the diversity. Also, in the control area the
percentage of canopy cover per plot was significantly
higher than that in the recreational areas (slightly,
moderately, and severely recreational impacted area)
(Fig. 3.). The low percentage of canopy cover in the
recreational area indicated that recreation activities
tended to decrease the canopy area.
Fig. 1.The number of trees (per plot) in control area
and different recreational areas.
Discussion
A significant decrease in tree canopy cover and tree
density and number of tree species were recorded in
recreational area compared to control area. Other
researchers have reported similar results (Cakir et
al., 2010). The present study showed that
Fig.3.The amount of canopy cover (per plot) in
control area and different recreational areas.
Table 1. Descriptive statistics of the variables in the plots in four treatments.
Variable

Treatment

number

minimum

maximum

mean

Control

60

9

23

15.08

Standard
deviation
2.61

1

20

9

19

12.60

2.50

2

20

5

15

9.95

2.70

3

20

0

16

7.35

4.58

60

1

5

2.78

1.12

20

1

2

1.35

0.59

Number of
individuals

Disturbed*

Control
Number of s

1
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pecies

Disturbed*

Percent of

2

20

1

3

1.35

0.49

3

20

0

3

1.25

0.64

60

48

77

65.90

6.59

1

20

21

61

44.50

8.66

2

20

21

55

37.35

9.10

3

20

0

55

25.35

16.48

Control

canopy cover
Disturbed*

* Control: No-impacted, 1: Slightly impacted, 2: Moderately impacted, 3: Severely impacted
Table 3. The diversity indices of control and disturbed areas.
Biodiversity indicators
Margalef
Treatments

Fisher alpha

Equitability J

diversity

evenness index

richness

Dominance

No-recreational
intensity

1.30
index

0.91
index

1.71

0.72

activity
Slightly impacted

0.87

0.84

1.11

0.83

Moderately

0.43

0.55

0.58

0.32

0.22

0.78

0.35

0.76

Recreational
Control

Berger-Parker

index

impacted
Severely impacted

Disturbed

Recreational activities affected the tree diversity

species richness and species diversity (Kutiel et al.,

indicators at the Fandoghlou forests in northwestern

1999; Sarah and Zhevelev, 2007; Cakir et al., 2010).

Iran. The low number of biodiversity indicators in

Our results are in consistence with other studies on

recreational forest areas, precluding the existence of

changes in plant populations and communities due

forests

of

to recreational activities (Nuzzo, 1996; Farris, 1998;

the

McMillan and Larson 2002; Rusterholz et al., 2004).

abundance of these elements that are considered

To preserve the threatened plant communities in the

critical

and

Fandoghlou region, management plans need to be

Lindenmayer, 1999), as has been observed by

developed and implemented. Closure or controlled

numerous authors (Green and Peterken, 1997;

access to frequently recreational areas would stop

Marage and Lemperiere,2005; Rowland et al.,

additional species loss and changes in plant

2005). Hansen et al., (1991) reported similar results

communities. This aim could be reached through

for intensively managed forests in the Coastal

closed parking lots or parts of the trail systems

Northwest United States, where they found a higher

because the majority of recreational activities usually

abundance of large trees and large snags in natural

occur in their close neighborhoods. However, closure

forests than in managed stands. This result is

of the areas with heavy recreational use is not the

supported in part by other authors (Rowland et al.,

best solution, because visitors tend to respond to

2005).

such closure by moving into control habitats.

in

advanced

development
for

and
forest

Many

or

decadent

negatively

impacting

biodiversity,

studies

have

stages

(McComb

pointed

out

that

vegetation was affected by recreational activities, and
they

noticed

a

negative

correlation

between

Conclusions

recreational intensity and plant cover, plant height,
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A monitoring program of the population size of
selected indicator plants in recreational and control

Bengtsson J, Nilsson SG, Franc A, Menozzi P.

regions could provide a basis for future management

2000. Biodiversity, disturbances, ecosystem function

plans. Furthermore, user-additive information on

and management of European forests. For Ecol

the potential impact of recreational activities on the

Manage 132, 39–50.

biodiversity in different earth conditions should be
provided.

Undoubtedly,

recreationists

accept

Cakir M, Makineci E, Kumbasli, A. 2010.

management plans when they are aware of ecological

Comparative study on soil properties in a picnic and

reasons behind the restrictions. Our

undisturbed area of Belgrad forest, Istanbul. Journal

findings

indicate that knowledge on the quantity and quality

of Environmental Biology 31, 125-128.

of the biodiversity is important for developing
restoration plans for forest sites affected by intensive

Farris MA. 1998. The effects of rock climbing on

recreational activities.

the vegetation of three Minnesota cliff systems. Can
J Bot, 76, 1981-1990.
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