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Abstract: The integration and connection of habitats in protected areas (PAs) are essential for the sur-
vival of plant and animal species and attaining sustainable development. Investigating the integrity
of PAs can be useful in developing connections among patches and decreasing the fragmentation
of a habitat. The current study has analyzed spatial and temporal changes to habitat to quantify
fragmentation and structural destruction in PAs in Tehran Province, Iran. To achieve this purpose,
the trends in land use/land cover (LULC) changes and the quantitative metrics of the landscape
ecology approach have been examined. The results revealed that in Lar National Park, low-density
pasture has the top increasing trend with 4.2% from 1989 to 2019; in Jajrud PA, built-up has the
top increasing trend with 1.5% during the studied years; and among the land uses in TangehVashi
Natural Monument, bare land has the top increasing trend with 0.6% from 1989 to 2019. According
to the findings, habitat fragmentation and patch numbers have expanded in the studied areas due
to the development of economic and physical activities. The results also indicate that the current
trend of habitat fragmentation in PAs will have the highest negative impacts, especially in decreasing
habitat integrity, changing the structure of patterns and spatial elements, and increasing the edge
effect of patches.

Keywords: fragmentation; landscape ecology approach; land use/land cover changes; patch number

1. Introduction

One of the main goals of the Millennium Development Report is to ensure environ-
mental sustainability [1], which is responsible maintenance of natural resources and the
avoidance of jeopardizing the ability of future generations to meet their needs [2]. Envi-
ronmental sustainability is a core prerequisite for lasting socio-economic development.
Mitigating future environmental problems and improving livelihoods everywhere depend
on healthy and diverse ecosystems and natural resources [1]. One crucial area playing the
main role in maintaining natural resources and achieving environmental sustainability
is protected areas (PAs), which have high sensitivity because of their recognized natural,
ecological, or cultural values [3,4], and they must be widely preserved. The core issue in
PAs is habitat integrity, which helps maintain natural resources and biodiversity, especially
when habitat is complementary [5-7]. Habitat integrity is associated with how pristine an
environment is and its function relative to an ecosystem’s potential or original state before
imposed human exploitations and alterations [8,9]. It is built on the assumption that a
decline in the values of an ecosystem’s functions is primarily caused by human activity [9].

Unprincipled land use/land cover (LULC) change is one of the most critical problems
in most PAs of Iran because it disrupts environmental planning and increases landscape
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fragmentation. Iran ranks 5th globally in terms of its high diversity in plant and animal
species [10]; thus, it is essential to maintain habitat integrity in its PAs. Tehran Province
(as the capital of Iran), with 11 PAs [11], is one of the wealthiest provinces of Iran and
can be a good platform for the development of plant and animal species. Unfortunately,
in recent decades and for various reasons, PAs in this province has undergone several
changes. Therefore, habitat integrity in these areas has been seriously threatened. Many
factors have contributed to the growing habitat fragmentation in these areas, such as
LULC changes, the illegal activities of multiple organizations in the various development
projects, road construction, the development of various infrastructures, the establishment of
industrial spaces, and overexploitation of mines, even while these areas are protected by the
Department of Environment of Iran and must have the highest protection conditions. Other
problems, such as livestock overgrazing by the nomads and the widespread development
of tourism activities, have been insufficiently monitored by the Provincial Department of
Environment, thus resulting in the destruction of pastures, depletion of water resources
and vegetation, and severe damage to ecosystems in these areas. The existence of numerous
tourist attractions (like Mount Damavand, Lar dam, Kamard waterfall, the unique forests
of wild pistachio (Pistacia atlantica Desf.), Latian Dam, Jajrud River, the beautiful landscapes
of TangehVashi Natural Monument, and diverse medicinal plant species) that have national
and regional importance has encouraged tourism and the development of tourism activities.
In addition to the low level of monitoring in the area has affected the destruction of natural
resources in these areas. Undoubtedly, the continuation of this process will decrease
landscape integrity and increase environmental unsustainability. Moreover, due to the
rapid physical growth of the Tehran metropolis in recent decades, some PAs are now
located in the city’s interior. This issue has led to increased LULC changes. Therefore,
controlling LULC changes and developing conservation approaches to decrease habitat
fragmentations are essential to achieving environmental sustainability in PAs.

The landscape ecology approach is one of the main methods of identifying the in-
tegrity level of ecosystems. This approach examines the relationship between patterns
and functions on spatial and temporal scales and the impacts of ecological processes and
natural habitats [12]. Accordingly, landscape ecologists have developed metrics to quan-
tify ecological patterns and the effects of human activities on ecosystem processes, each
of which can elucidate a visible change in the landscape [5]. Several researchers have
evidenced the usefulness of these metrics for evaluating the state of habitat integrity in
PAs, including Paolaet et al. [13], who studied “using landscape structure to develop
quantitative baselines for PAs monitoring”. They also used landscape metrics, including
COHESION (cohesion index), MESH (effective mesh size), PD (patch density), CWED
(contrast-weighted edge density), TECI (total edge contrast index), CONTAG (contagion),
and SHDI (Shannon'’s diversity index), and focused on the spatial characteristics of LULC
classes in the landscape. The results revealed that PD, CWED, and TECI had been increased
at the level of LULC classes, while COHESION, MESH, CONTAG, and SHDI have been
decreased, which elucidates the decrease in integrity patches. Scariot et al. [14] studied
connectivity dynamics of Araucaria forest and grassland surrounding a national forest
in Southern Brazil. Because changes in the structure of natural habitats surrounding PAs
interfere with biodiversity conservation measures, this research analyzed the fragmentation
and loss of vegetation in three landscape levels surrounding Passo Fundo National Forest,
RS, Brazil, in 1986, 1997, and 2011, and identified the degree of isolation/connectivity of
these patches. Another study was the work of Castillo et al. [15] on the “evaluation of
forest cover change using remote sensing techniques and landscape metrics in Moncayo
Natural Park (Spain)”. This research analyzed LULC changes to assess the state of habitat
integrity in PAs through quantitative landscape metrics over LULC maps. The metrics
used in this study included PD, NP (number of patches), COHESION, LPI (largest patch
index), PLAND (percentage of landscape), AREA-MN (mean of patch area), ENN-MN
(mean of Euclidean nearest neighbor distance), and CA (class area) and focused on the class
level. These metrics were selected based on past research on forest evolution, natural parks,
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or urban expansion [16-20]. De Matos et al. [21] studied “PAs and forest fragmentation:
sustainability index for prioritizing fragments for landscape restoration” and developed a
forest sustainability index based on the landscape ecology approach. Accordingly, a LULC
map was used to calculate landscape metrics at two levels: landscape and patch. Hence, the
metrics combination which best represented their goal included CA, NP, MPS (mean path
size), MSI (mean shape index), TCAI (total core area index), and ENNM (mean distance
from the nearest neighboring patch). Landscape structure analysis showed that MSI, MPS,
and NP metrics decreased at the forest level, explaining the decrease in the number of
patches, total edge, and mean patch size. On the other hand, CA, TCAI, and ENNM
metrics were increased at the forest level, explaining the increase in integrity patches.
Moreover, Adriana-Chetan and Dornik [22] studied 20 years of landscape dynamics within
the world’s largest international network of PAs. Accordingly, the suitable metrics applied
to analyze the change in fragmentation were NP, MPS, DI (division index), and DOM
(dominance index). The results indicated that NP and DOM were increased, while MPS
and DI were decreased.

According to different studies, landscape metrics are generally classified into land-
scape composition and configuration. Landscape composition metrics evaluate the land-
scape regardless of spatial features, while landscape configuration examines the spatial
arrangement of landscape elements, and their calculation requires spatial information [23].
Metrics such as SHDI or PLAND are commonly used to study landscape composition, while
landscape configuration metrics involve MNN (mean nearest neighbor distance), PLAD
(percentage of like adjacency), MSI, or MPI [24]. These metrics are essential in the study of
habitat fragmentation, where patch isolation causes the extinction of species populations by
decreasing dispersion in patches [25,26]. In some cases, habitat fragmentation reduces the
continuity of the population in the face of natural hazards (e.g., fires and storms) [27]. In
addition, the MSI and MPS metrics were used to examine various environmental features,
animal search strategies and flows between patches [28]. The MSI metric is directly related
to the overall heterogeneity of the landscape, while the CA metric provides space to support
appropriate populations in terms of ecological relevance [29]. In general, not enough atten-
tion is given to classifying and selecting related landscape composition and configuration
metrics in different studies. Accordingly, the current research has considered this issue,
and landscape configuration metrics have been used. The purpose of these metrics is to
quantify ecological patterns and the impacts of human activities on habitats. Hence, the
most common metrics used in this study are CA, CAP (class area percentage), NP, TE (total
edge), MSI, MNN, and MPS. The research’s main questions were: (1) What extent were the
LULC changes in the studied areas during recent decades? (2) What is the level of habitat
fragmentation in the studied areas? (3) What are the major impacts of habitat fragmentation
on the ecosystem’s structure and functions in the studied areas? Finally, (4) what is the
situation of habitat integrity in the studied sites? Hence, this study aimed to evaluate the
state of habitat integrity in PAs through quantitative landscape metrics and compared the
results of LULC changes and fragmentation in three different PAs, including a national
park, protected area, and national natural monument. Then, as no other studies have done,
the impacts of habitat fragmentation on the structure and function of the ecosystem were
analyzed. In addition, habitat integrity was assessed in various study sites.

2. Materials and Methods
2.1. PAs of Tehran Province

In this study, three different PAs in Tehran Province, namely Lar National Park, Jajrud
PA, and TangehVashi National Natural Monument, were selected because of the severe
LULC changes and uncontrolled development of human activities in these areas and their
proximity to Tehran. The average annual temperature is 17 °C, relative humidity is 41%, and
rainfall averages 200 mm, making this province a semi-arid climate [30,31]. Accordingly,
the characteristics of the PAs studied are described below:
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Lar National Park has an area of about 28,037 ha on the western slopes of Mount
Damavand between Mazandaran and Tehran Provinces. One hundred fifty-nine ver-
tebrate animal species have been identified in this area, including Central Alborz Ovis
orientalis (endemic species; IUCN red list category: endangered (EN)), Capra aegagrus
(endemic species; IUCN red list category: vulnerable (VU)), Panthera pardussaxicolor
(endemic species; IUCN red list category: critically endangered (CR)), and Canis lupus
(endemic species; IUCN red list category: least concern (LC)). In addition, this area is
considered as one of the few main habitats of Salmo trutta fario (endemic species; IUCN
red list category: LC) in Iran and is therefore very important. In terms of vegetation,
it has an alpine cover, medicinal plants, and food plants, which have a long history
and good reputation [32,33].

Jajrud PA, with an area of about 75,670 ha, is located in the east of the Tehran metropo-
lis. This area has the Khojir and Sorkheh Hesar National Parks, both of which have
high biodiversity value. Jajrud PA is the primary habitat of O. orientalis and C. aegagrus
species. Moreover, 517 vascular plant species have been identified in the area (e.g.,
Astragalus sp., Artemisia sp., Bromus sp., Amygdalus sp., and Zygophyllum sp.) [33,34].
TangehVashi is a national natural monument in Tehran Province with an area of 3650
ha and is located about 160 km from the metropolis of Tehran. This area is famous for
its waterfall, beautiful plains, and historical relief. One of the prominent and endemic
plant species of this area is Ferula gummosa, and among the wildlife species of this
area are O. orientalis and C. aegagrus [35]. Figure 1 shows the location of the studied
areas [36].
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Figure 1. Location of the studied areas; (a) Lar, (b) Jajrud, and (c) TangehVashi.

2.2. Methods
2.2.1. Research Methods

Study about the LULC changes is the main prerequisite to quantify landscape fragmen-
tation level. Therefore, we studied two aspects: (1) the assessment of landscape features
(quantification of landscape metrics such as fragmentation), and (2) analysis of the change
of those landscape features. To do this, LULC changes were examined using satellite images
during different periods (1989, 1999, 2009, and 2019). Then the statuses of landscape metrics
were quantified through the obtained quantitative results. Quantifying the landscape met-
rics was not possible without examining LULC changes. Hence, the Landsat data archive,
which houses historical-spatial information, is essential for studying particular land areas
for more than 40 years (from 1972 until now). These data have a high application in study-
ing the trend of LULC changes (free and easy access during these years). Landsat images
have a high potential to recognize vegetation due to their red (R) and near-infrared (NIR)
bands [37,38]. Moreover, considering the first program of socio-economic and cultural
development of Iran began in 1989 (after the revolution of the Islamic Republic of Iran and
the war between Iran and Iraq) and increased the growth of population and urbanization,
LULC changes, environmental problems, etc., Landsat images from 1989 to 2019 were
assessed in this research. LULC maps were prepared from L5-TM (1 April 1989), L5-TM
(1 April 1999), L7-ETM™ (2 May 2009), and L8 and OLI-TIRS (2 May 2019) from the U.S.
Geological Survey (USGS). Spring images (April and May) were used to evaluate LULC
changes because the accuracy of the images in these months was higher in terms of the
degree of cloud cover and most pasture covers can be seen in this season.

The GPS pointing method was used to geometrically correct images. GPS data were
collected during a field survey to support LULC mapping. A set of field sites was selected
using random sampling, and images used were also corrected by ground control points
(30 points for each of the studied areas) and resampling equations. In addition, the nearest
neighbor resampling method was used to calculate output pixel DN values from input DN
values (resample pixel value of uncorrected image). This method used the nearest pixel
value in an input image as the new value for the output pixel. Accordingly, geometric
corrections were performed using first-degree polynomial functions, GPS points, and a
topographic map at a scale of 1:25,000, yielding RMS error values for TM, ETM+, and OLI-
TIRS of 0.39, 0.43, and 0.48 pixels, respectively, which is very desirable. Partial radiometric
corrections were also used to reduce atmospheric and unexpected variables among multi-
time images. Reducing the opacity of phenomena (dark object subtraction method) is one
of the relative radiometric correction methods [39]. This method is used in cases where
the image of some pixels is in full shadow and their radiation in the satellite is completely
due to the scattering of the atmosphere (path radiation). This path radiance value is then
subtracted from each pixel value in the image. This process was used to reduce the effects
of atmospheric diffusion on the image. Finally, the impacts of habitat fragmentation on
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the structure and function of the ecosystem in the study areas were analyzed according
to experts’ viewpoints using the Delphi method. Figure 2 depicts the flow diagram of the
methodological process.

Landsat TM satellite image in 1989 & 1999,
ETM* in 2009 and OLI_TIRS in 2019

L Bands combination
Pre-processing images

-NDVI -Spectral bands

ENVI software -PCA
+

—|-> Band selection

Geometric and atmospheric correction

- Field work Maximum
-»> Classification process —» Supervised
- Ground data collection likelihood

GIS software

R Extraction of LULC maps

FRAGSTATS software |
Landscape metrics

|
Quantifying structure changes

and fragmentation

- Changes of LULC

- Changes of landscape metrics

v

Analysis of the impacts of habitat fragmentation on ecosystem

structures and functions using the Delphi method

Figure 2. The flow diagram of the methodology.
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2.2.2. Classify Images

The Anderson scheme, a standard system for displaying LULC information and
classification [40], was used in this study to classify images. Various methods, including
support vector machine (SVM), random forest (RF), neural network (NN), and regression
trees (RT), have been proposed for classification. Still, maximum likelihood (ML) is one
of the most common methods [41,42]) and was used in this study. LULC classes indicate
how much a region is covered by forests, wetlands, impervious surfaces, agriculture, or
other land and water types. Moreover, considering that the studied data have a normal
distribution, LULC maps were classified based on the ML algorithm. Accordingly, LULC in
Lar National Park was classified as built-up, water body, cropland and garden, high-density
pasture, and low-density pasture. The Jajrud PA was classified as built-up, water body,
cropland and garden, high-density pasture, low-density pasture, and planted forest. In
TangehVashi, LULCs were classified into four classes (i.e., built-up, high-density pasture,
low-density pasture, and bare land). Using training samples for LULC classes, 600 samples
were examined from the sampled collection, and 300 samples were examined for algorithm
training, and 300 samples were evaluated for classification evaluation. Finally, classification
accuracy was examined against the ground truth data, and a set of training samples for
LULC classes (300 pixels) was collected for this purpose (Table S1). The confusion matrix,
which displays information from classification errors, was used to assess accuracy [43,44].

To prepare LULC maps of the studied areas, after pre-processing, images from 1989,
1999, 2009, and 2019 were classified. Then, overall accuracy and the kappa coefficient
were evaluated. This study presented overall accuracy, producer, and user accuracy with a
95% confidence interval in ENVI software (1989 to 2019). Moreover, the kappa coefficient,
derived from the confusion matrix, was used to test accuracy in the correct cells’ location
and quantity [45-47]. Pastures supply a wide variety of ecosystem goods and services
for humans. Due to human activities and LULC changes with decreasing vegetation,
increasing invasive species, and soil erosion [48]. Accordingly, pasture management is
essential for livestock grazing, related ecosystem goods, and services in PAs. Given that
pastures are one of the main plant species in terms of area and dominant vegetation in
these areas, pasture classes and the trend of changes in their density from 1989 to 2019 were
investigated in this study. Considering the canopy cover percentage, pasture species were
classified mainly into low-density pastures (with a coverage of less than 25%), moderate-
density pastures (with a coverage of 25-50%), and high-density pastures (with a coverage
of more than 50%) [49]; accordingly, the present study employed the normalized difference
vegetation index (NDVI) to distinguish vegetation from other kinds of cover in ENVI
software, and LULC of pastures was classified into the two classes of high-density and
low-density [50,51]. Two images were also used for each year in this study to classify
cropland and garden because of changes in planting and harvesting stages during the
year. Moreover, principal component analysis (PCA) was used to reduce and remove
input variables. This process helped improve the interpretability of images and remove
extracted and invisible information [52-54]. Roads not only interrupt ecological areas,
decrease integrity, and reduce vegetation, they also lead to loss of wildlife and decreased
biodiversity [55-59]. Accordingly, the vector layer was converted into a raster image with a
30-m pixel to classify roads as part of the built-up areas.

2.2.3. Landscape Metrics

According to Table 1, the LULC pattern was assessed using landscape configuration
metrics at the class level. Hence, landscape metric changes in the high-density pasture
class were investigated as the main land use in terms of area and dominant vegetation
in these areas from 1989 to 2019. Accordingly, the appropriate metrics for evaluating the
state of habitat integrity in the studied areas included CA, CAP, NP, TE, MSI, MNN, and
MPS [60]; such metrics are important to investigating habitat fragmentation and patch
isolation. Landscape metrics should be selected according to the characteristics of the study
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areas and specific objectives [61]. Accordingly, the metrics chosen in this research are based
on similar studies [15,59,60,62—-64] and the features of the studied areas.

Table 1. List of landscape metrics used in the studied areas [15,59,60,62-64].

Metrics Range of Change Calculation Unit
n
— 1
Class Area (CA) CA>0 CA = jgl i 10 ha
n o,
Class Area Percentage (CAP) 0 < CAP <100 CAP = Pi = ]El aijx (%00) Yo
Number of Patches (NP) NP >1 NP = ni -
Total Edge (TE) TE >0 TE = g elk m
k=1
n
Mean Shape Index (MSP) MSI > 1 MSI :i§1< . gi*ai) () -
Mean Nearest Neighbor Distance (MNN) MNN >0 MNN :% m
Mean Patch Size (MPS) MPS > 0 MPS —Liia _ A ha

The variables in the formulas in Table 1 depict the following: A = total area of patches; aij = selected patch area;
eik = length of the edge between the patches i and k; hij = distance from the nearest patch in the landscape;
N = number of patches; ni = number of patches; pij = selected patch circumference.

2.2.4. Delphi Method

Delphi is a method of group knowledge acquisition that has a structural process to
predict and facilitate decision-making during survey rounds, data collection, and finally,
group consensus [65,66]. This method allows researchers to achieve a theoretical consensus
based on experts’ opinions where data and information are unreliable and experts’ view-
points are heterogeneous [67-70]. Hence, this study used the Delphi as an appropriate
method to reach a consensus among experts, predict the future, and complete the current
information through a group of experts, with whose participation, the impacts of habitat
fragmentation were identified and assessed. To estimate the impacts of habitat fragmen-
tation, 20 indicators were designed in the form of a series of questionnaires completed by
40 experts who were selected from among academics with related scientific specialties
(such as environmental engineering, biodiversity, zoology, biology, landscape designing
and planning, and geography) (Table 2). To obtain quantitative information about the
impacts of habitat fragmentation, the experts determined a value from 1 to 5 (very low, low,
moderate, high, and very high). Then, the collected data were analyzed using statistical
tests. Hence, the mean, standard deviation (SD), and variance (V) were calculated for each
impact. Finally, according to the obtained results, the effects of habitat fragmentation were
ranked from highest to lowest. In general, the Delphi method was conducted in three
rounds [71]. In this study, the three rounds comprised the following (Figure 3): the first
round of the Delphi questionnaire was designed based on experiences, fieldwork, and
literature review. In the second round, questioning was repeated based on the experts’ feed-
back in the first round. Among the 40 participants, four people did not respond within the
allotted time (Table 2). Finally, in the third round, responses were given to members, and
they were asked to evaluate and score their initial responses (Table 2). In this round, two
other people did not respond to the questions; thus, 34 questionnaires were completed and
used to identify and analyze the major impacts of habitat fragmentation in the studied areas
(Table 2). After the viewpoints of the participants were obtained, statistical calculations
were performed and the impacts were prioritized. Accordingly, the results of the Delphi
method were based on the feedback of experts, and by analyzing the experts’ viewpoints, a
consensus was reached on the possible impacts of habitat fragmentation on the structure
and function of the ecosystem.
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Table 2. Number of experts who participated in the Delphi study.
Category Science Field Round 1 Round 2 Round 3
Environmental engineering 8 7 6
Biodiversity 10 8 8
Academics Zoology 6 5
Biology 4 4
Landscape designing and planning 6 6
Geography 5 5 5
Total (number) 40 36 34
Delphi method
h First round Second round Third round
v v
1) Questionnaire was designed, based 2) According to the feedback of 3) Responses were given to members,
on experiences, fieldworks, and experts' viewpointsin the first round, and they were asked to evaluate and
literature reviews. questioning was repeated score their initial responses.
[ |
v

Statistical calculations

Identification and prioritization main impacts

of habitat fragmentation

Figure 3. Main steps of the Delphi method, statistical calculation and detection of habitat fragmentation.

3. Results
3.1. LULC Temporal Change

In Lar National Park, overall accuracy from 1989, 1999, 2009, and 2019 was 0.90,
0.85, 0.94, and 0.92, respectively, and the kappa coefficient was 0.86, 0.77, 0.92, and 0.89,
respectively (Table 3). In the Jajrud PA, overall accuracy was 0.87, 0.92, 0.85, and 0.97 the
kappa coefficient was 0.76, 0.88, 0.81, and 0.95, respectively (Table 3). Finally, in TangehVashi
Natural Monument, overall accuracy was 0.90, 0.87, 0.91, 0.98, and the kappa coefficient
was 0.86, 0.83, 0.85, and 0.89, respectively, for the studied years (Table 3). The results
revealed that the greatest overall accuracy was related to TangehVashi Natural Monument
among the studied areas. Furthermore, the kappa coefficient and overall accuracy were
high in efficiency and acceptable in all three areas. Accordingly, the confusion matrix
results were obtained in the form of four tables during the studied years. However, due



Land 2022, 11, 6

10 of 25

to space limitations, only the results of 2019 are presented herein (Table S2). According
to Table 4 and Figure 4, the largest contribution among the LULC in Lar National Park
was low-density pasture, with 69.03% in 2019 compared to 64.83% in 1989. In the Jajrud
PA, the greatest land use was allocated to low-density pasture during studied periods
(Table 4 and Figure 4). Bare land had the most expanded land use in the TangehVashi
Natural Monument (Table 4 and Figure 4).

Table 3. Overall accuracy and kappa coefficient during the studied years.

Prepared Land Use Map
Study Site Year Overall Accuracy Kappa Coefficient
(Unitless) (Unitless)
1989 0.9 0.86
1999 0.85 0.77
Lar National Park
2009 0.94 0.92
2019 0.92 0.89
1989 0.87 0.76
) 1999 0.92 0.88
Jajrud PA
2009 0.85 0.81
2019 0.97 0.95
1989 0.9 0.86
TangehVashi Natural 1999 0.87 0.83
Monument 2009 091 0.85
2019 0.98 0.89

Table 4. Changes in LULC classes between 1989 and 2019 in three sites.

Lar National Park
Year 1989 1999 2009 2019 Differences (1989-2019) **
Land use Area contribution (%) Area contribution (%)
Built-up * 0.009 0.004 0.011 0.019 +0.01
Water body 223 2.26 2.62 3.28 +1.05
Cropland and garden 6.13 5.26 2.29 2.26 —3.86
High-density pasture 26.80 26.47 26.43 25.40 —1.40
Low-density pasture 64.83 65.97 68.64 69.03 +4.20
Total 100 100 100 100 -
Jajrud PA
Year 1989 1999 2009 2019 Differences (1989-2019) **
Land use Area contribution (%) Area contribution (%)
Built-up * 1043 10.57 11.08 11.96 +1.52
Water body 0.89 0.90 0.92 0.95 +0.06
Cropland and garden 2.28 2.30 2.31 2.32 +0.04
High-density pasture 38.64 38.61 38.52 37.71 —0.93
Low-density pasture 45.43 45.32 44.93 44.85 —0.59
Planted forests 2.32 2.30 2.24 221 —0.10
Total 100 100 100 100 -




Land 2022, 11,6 11 0f 25

Table 4. Cont.

Lar National Park

TangehVashi Natural Monument

Year 1989 1999 2009 2019 Differences (1989-2019) **
Land use Area contribution (%) Area contribution (%)
Built-up * 0.22 0.25 0.25 0.25 +0.03
High-density pasture 1.94 1.83 1.73 1.18 —0.75
Low-density pasture 16.99 17.04 17.12 17.15 +0.13
Bare land 80.85 80.88 80.90 81.42 +0.59
Total 100 100 100 100 -

* Built up = residential, commercial, industrial, and roads spaces. ** Differences (%) = area contribution of land
use (%) in 2019—area of contribution of land use (%) in 1989.
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Figure 4. Temporal LULC maps in Lar; (a) 1989, (b) 1999, (c) 2009, (d) 2019.

The results indicate that in Jajrud PA, high-density pasture experienced the highest
rate of area decrease with 37.71% (28,540 ha) in 2019 compared to 38.64% (29,241 ha) in
1989. Low-density pasture also decreased during the studied years, with 44.85% (33,938 ha)
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in 2019 compared to 45.43% (34,380 ha) in 1989. In this area, built-up had the top increasing
trend with 11.95% (9048 ha) in 2019 compared to 10.43% (7895 ha) in 1989. Water body
increased, with 0.94% (715 ha) in 2019 compared to 0.88% (676 ha) in 1989. Among other
LULC, cropland and garden increased by 2.31% (1753 ha) in 2019 compared to 2.27%
(1724 ha) in 1989 and planted forest increased from 2.21% (1675 ha) in 2019 compared to
2.31% (1754 ha) in 1989 (Figure 5). Finally, in the TangehVashi Natural Monument, bare land
had the top increasing trend with 81.42% (2972 ha) in 2019 compared to 80.84% (2951 ha) in
1989, while high-density pasture decreased during the studied years, with 1.17% (43 ha)
in 2019 compared to 1.94% (71 ha) in 1989. In this area, low-density pasture increased by
17.1% (626 ha) in 2019 compared to 16.98% (620 ha) in 1989. Another LULC is built-up,
which increased from 0.24% (9 ha) in 2019 compared to 0.21% (8 ha) in 1989 (Figure 6).
According to the results, the greatest decreasing trend in LULC in Lar National Park was
related to cropland and garden. In Jajrud PA and the TangehVashi Natural Monument, the
decreasing trend was related to high-density pasture. In addition, the greatest increasing
trend in LULC changes was related to low-density pasture in Lar National Park, a built-up
area in Jajrud PA, and bare land in TangehVashi Natural Monument.
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Figure 5. Temporal LULC maps in the Jajrud PA; (a) 1989, (b) 1999, (c) 2009, (d) 2019.
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Figure 6. Temporal LULC maps in the TangehVashi; (a) 1989, (b) 1999, (c) 2009, (d) 2019.

Figures 7 and S1 show the percentage of LULC changes in the studied areas from 1989
to 2019. For example, among these three studied areas, the greatest change of the high-
density pastures class is related to Lar National Park from 1989 to 2019 (Figures S1 and 7).

3.2. Landscape Metrics Temporal Change

As seen in Table 5, the trend of changes in landscape metrics in high-density pastures
was investigated as the main LULC in terms of area and dominant vegetation from 1989
to 2019. As the results of landscape metrics analysis elucidate, in Lar National Park, the
CA, CAP, and MPS metrics were decreased at the level of high-density pastures during
the studied years, which illustrates an increase in fragmentation of patch size (Table 5).
However, NP, MSI, MNN, and TE increased, indicating a decrease in habitat integrity.
Moreover, among the metrics in Lar National Park, the CA metric had the top decreasing
trend with 7122 ha in 2019 compared to 7515 ha in 1989, while the TE metric had the highest
increasing trend with 784,156 m in 2019 compared to 482,145 m in 1989 (Table 5). In the
Jajrud PA, CA, CAP, and MPS also decreased at the level of high-density pasture class
during the studied years, which elucidates the increase in fragmentation patch size (Table 5).
However, NP, MSI, MNN, and TE increased, which shows a decrease in habitat integrity.
Moreover, among the metrics in this area, CA had the top decreasing trend with 28,540 ha in
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2019 compared to 29,241 ha in 1989, while TE had the top increasing trend with 812,565 m
in 2019 compared to 532,145 m in 1989 (Table 5). Finally, in TangehVashi, CA, CAP and
MPS decreased at the high-density pasture class level, explaining the fragmentation patch
size increase (Table 5). However, NP, MSI, MNN, and TE increased, which indicates a
decrease in habitat integrity (Table 5). Furthermore, among the metrics in this area, CA
had the top decreasing trend with 43 ha in 2019 compared with 71 ha in 1989, while TE
had the top increasing trend with 641,421 m in 2019 compared with 385,412 m in 1989
(Table 5). According to the results, the increasing number and distance between patches
caused habitat fragmentation to grow in these areas (Table 5). Hence, habitat fragmentation
and patch distance have expanded while the size of the patches has decreased (Table 5).
Moreover, the results revealed that among all the metrics, in Lar National Park, NP with
6021 patches had the top increasing trend, while in TangehVashi, NP with 4872 patches had
the lowest increasing trend (Table 5). Accordingly, the results indicated that most habitat
fragmentation was related to Lar National Park, while the lowest was associated with the
TangehVashi Natural Monument (Table 5).
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Figure 7. Percentage of LULC temporal changes in the studied areas from 1989 to 2019.
Table 5. Changes in high-density pasture habitat metrics between 1989 and 2019 at the three sites.
Year Variation Percent of Metric
Site - Variation from 1989
Metrics 1989 1999 2009 2019 1989-2019 t0 2019 *
CA (ha) 7515 7420 7411 7122 —-393 —5.2
CAP (%) 78.61 65.21 53.12 41.63 —36.98 —47.0
NP (unitless) 1874 3256 5671 7895 +6021 +321.3
Lar National MPS (m) 65.31 52.33 45.69 34.25 —31.06 —48.6
Park MNN 79.63 64.31 58.12 4521 —34.42 —432
(unitless)
TE (m) 482,145 532,145 662,583 784,156 +302,011 +62.6
MSI (ha) 7.43 7.15 8.44 8.56 +1.13 +15.2
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Table 5. Cont.
Year Variation Percent of Metric
Site - Variation from 1989
Metrics 1989 1999 2009 2019 1989-2019 t0 2019 *
CA (ha) 29,241 29,212 29,150 28,540 —701 —24
CAP (%) 67.21 56.34 44.65 38.95 —28.26 —42.0
NP (unitless) 2785 3215 6234 7821 +5036 +180.8
. MPS (m) 55.21 43.15 38.45 28.71 —26.5 —48.0
Jajrud PA MNN
. 78.51 74.32 61.25 50.32 —28.19 —35.9
(unitless)
TE (m) 532,145 62,875 73,654 812,565 +280,420 +52.7
MSI (ha) 7.65 8.15 8.41 9.36 +1.71 +22.4
CA (ha) 71 67 63 43 —28 -394
CAP (%) 89.23 78.36 72.41 68.2 —21.03 —23.6
. NP (unitless) 1856 2341 4325 6728 +4872 +262.5
TangehVashi MPS (m) 45.81 38.26 33.51 27.64 —18.17 —39.7
Natural MNN
Monument (unitless) 69.21 64.78 60.21 55.43 —13.78 —-19.9
TE (m) 385,412 415,263 622,115 641,421 +256,009 +66.4
MSI (ha) 6.78 7.22 8.51 8.62 +1.84 +27.1

* Percent of metric variation from 1989 to 2019 = (metric value in 2019/metric value in 1989) * 100.

3.3. Assessment of Habitat Integrity

After repeating the Delphi method in 3 rounds, the results were obtained in three tables;
due to space limitations in the article, the results of rounds 1 and 2 have been presented in
the Supplementary Files, and the results of round 3 are as follows. According to Table S3,
23 impacts were extracted in the first round of Delphi using the experts’ viewpoints, and in
the second round, 21 impacts were extracted using the experts’ viewpoints (Table 54). In the
first round of the Delphi, the impacts of habitat boundary change and increase in inbreeding
among species were removed from the questions in subsequent rounds based on the experts’
viewpoints. The results revealed that the most important impacts of fragmentation differ
among areas because of the degree of biological sensitivity and LULC changes in these
areas. In round 3 of the Delphi method, 20 impacts were determined based on the experts’
responses. As seen in Table 6, most of the impacts of habitat fragmentation were related
to Jajrud PA with a score of 3.80; the lowest impacts were related to TangehVashi Natural
Monument with a score of 3.09 (Table 6). In addition, comparing the means of fragmentation
impacts in each studied area revealed that in Lar National Park, the greatest impact was
related to a decrease in habitat integrity (source and sink) with a score of 4.50 (Table 6). In
contrast, the lowest impact was related to soil erosion level (sedimentation and decrease
of soil fertility level) with a score of 2.63 (Table 6). In Jajrud PA, the greatest impact was
related to changes in the patterns and structure of spatial elements (size, shape, number,
type, composition, and status of habitat) with a score of 4.64, and the most negligible
impact was related to an increase in water evaporation level with a score of 3.15 (Table 6).
Finally, in TangehVashi Natural Monument, the greatest impact was related to a decrease
of stability and increase of the edge effect of patches with a score of 3.77 (Table 6). The least
impact is related to disturbance of landscape and environmental desirability with a score
of 2.43 (Table 6). According to the current study results, the increasing impacts of habitat
fragmentation have caused habitat integrity to decrease in these areas (Table 6).
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Table 6. Impacts of habitat fragmentation in the studied areas (results of round 3 of Delphi method).

Site Impacts n Mean SD \% Rank Total Mean
(1) Decrease of habitat integrity (source and sink) 34 4.50 1.000 2.000 1

(2) Change of the patterns and spatial elements’
structure (size, shape, number, type, composition, and 34 4.33 1.000 1.060 2
status of habitat)

(3) Change in the ecosystem function (flow of matter,

energy and information, etc.) 34 385 1029 1.000 3
(4) Decrease of stability and increase of the edge effect n 370 1.000 2030 5
of patches
(5) Change of ecological flows 34 3.75 1.000 1.000 4
(6) Decreased of resilience gnd biological capacity 34 315 1.029 1.000 10
of species
(7) Habitat destruction and de.crease of biodiversity 34 3.05 1.000 1.000 6
and genetic
(8) Extinction of bloloagrt(ciaﬁgr\;?luable species (fauna 34 318 1.000 2.000 8
Lar National Park (9) Change of the species’ diet and their migration path 34 2.97 1.000 2.055 13 3.23
(10) Change of ecological process in the area 34 322 1.000 1.000 7
(11) Reduction and loss of vegetation in the area 34 3.17 1.000 1.000 9
(12) Increase of climate change 34 3.10 1.000 1.000 11
(13) Increase of environmental pollution 34 3.00 1.000 1.000 12
(14) Decrease of the reservoirs of groundwater aquifers
and change in surface water regime 34 294 1.000 1.000 14
(15) Change of biogeochemical cycles 34 2.87 1.000 1.000 16
(16) Decrease of ecosystem services 34 2.90 1.000 2.030 15
(17) Increase of water evaporation level 34 2.77 1.030 1.000 17
(18) Increase of soil erosion level (sedimentation and
decrease of soil fertility level) 3 2.63 1.000 1.000 2
(19) Disturbance of landscape
and environmental desirability 34 273 1.000 1.000 18
(20) Increase of abrupt environmental crises (such as
storm, flood, earthquake, etc.) 34 2.66 1.000 1.000 19
(1) Decrease of habitat integrity (source and sink) 34 4.33 1.000 1.000 2
(2) Change of the patterns and spatial elements’
structure (size, shape, number, type, composition, and 34 4.64 1.000 2.000 1
status of habitat)
(3) Change in the ecosystem function (flow of matter,
energy and information, etc.) 34 4.22 1.000 1.060 4
(4) Decrease of stablhtglfa;ft Cllrzgease of the edge effect 34 418 1.000 1.000 5
(5) Change of ecological flows 34 4.28 1.000 1.043 3
jroud PA ili i i i
Jajrou (6) Decreased of reszl)lfe:};::;gj biological capacity 34 3.98 1.000 1.000 7 3.80
(7) Habitat destructl;)r?dag;inilficcrease of biodiversity 34 408 1.029 1.000 6
(8) Extinction of blologg;(&aﬂzr\;?luable species (fauna 34 385 1.000 1.000 9
(9) Change of the species’ diet and their migration path 34 3.92 1.000 1.000 8
(10) Change of ecological process in the area 34 3.83 1.000 1.000 10
(11) Reduction and loss of vegetation in the area 34 3.78 1.000 2.030 11

(12) Increase of climate change 34 3.64 1.000 1.000 13
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Table 6. Cont.

Site Impacts n Mean SD \% Rank Total Mean
13) Increase of environmental pollution 34 3.72 1.000 1.000 12
(13) P
(14) Decrease of the reservoirs of groundwater aquifers

and change in surface water regime 34 3.2 1.000 1.000 15
(15) Change of biogeochemical cycles 34 347 1.000 1.000 16
(16) Decrease of ecosystem services 34 3.58 1.000 1.000 14
(17) Increase of water evaporation level 34 3.15 1.000 1.000 20

(18) Increase of soil erosion level (sedimentation and
decrease of soil fertility level) 3 344 1.000 1.000 17

(19) Disturbance of landscape and

environmental desirability 3 3.24 1000 1000 19

(20) Increase of abrupt environmental crises (such as
storm, flood, earthquake, etc.) 34 331 1.000 2:000 18
(1) Decrease of habitat integrity (source and sink) 34 344 1.029 1.064 6

(2) Change of the patterns and spatial elements’
structure (size, shape, number, type, composition, and 34 3.58 1.000 1.000 3
status of habitat)

(3) Change in the ecosystem function (flow of matter,

. : 34 3.52 1.000 1.000 4
energy and information, etc.)
(4) Decrease of stability and increase of the edge effect 34 377 1.000 1.000 1
of patches ’ ' ’
(5) Change of ecological flows 34 3.64 1.000 1.000 2
(6) Decreased of resilience _and biological capacity 34 348 1.000 2033 5
of species
(7) Habitat destruction and de.crease of biodiversity 34 336 1.000 1.000 7
and genetic
(8) Extinction of biologically valuable species (fauna 34 327 1.000 1.054 8
and flora)
TangehVashi (9) Change of the species’ diet and their migration path 34 3.05 1.000 1.000 11 3.09
Natural Monument (10) Change of ecological process in the area 34 3.12 1.000 1.000 10
(11) Reduction and loss of vegetation in the area 34 3.18 1.000 1.000 9
(12) Increase of climate change 34 2.79 1.000 1.000 15
(13) Increase of environmental pollution 34 2.86 1.000 1.055 14
(14) Decrease of the reservoirs of groundwater aquifers 34 208 1.000 1.033 12
and change in surface water regime ‘ ' ’
(15) Change of biogeochemical cycles 34 272 1.029 1.000 16
(16) Decrease of ecosystem services 34 2.54 1.000 1.000 19
(17) Increase of water evaporation level 34 2.60 1.000 2.000 18
(18) Increase of soil erosion lev?l. (sedimentation and 34 266 1.000 1.000 17
decrease of soil fertility level)
(19) Disturbance of landscape 34 243 1.000 1000 20
and environmental desirability
(20) Increase of abrupt environmental crises (such as 34 202 1.000 1.000 13

storm, flood, earthquake, etc.)

4. Discussion

Insufficient knowledge to assess habitat integrity in PAs is a significant challenge.
The results of some studies have revealed that habitat integrity leads to high protection
of biodiversity and achieves environmental sustainability [14,71]. Accordingly, habitat
integrity was investigated using landscape ecology metrics in Lar National Park, Jajrud
PA, and TangehVashi Natural Monument. Based on the conservation approaches in PAs
of Iran, national parks and natural monuments have high sensitivity and low flexibility
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for the development of human activities [72]; therefore, the exploitation of these areas is
prohibited, while in PAs, the development of some restricted economic activities is possible
according to the rules and regulations. Hence, to recognize the state of habitat integrity in
PAs, this study identified and monitored LULC changes from 1989 to 2019.

Among the LULC in Lar National Park, low-density pasture had the top increasing
trend with 69% in 2019 compared to 65% in 1989 (Figure 7). One of the main reasons
for this increased volume in a low-density pasture is livestock overgrazing by nomads
(the number of livestock is more than the capacity and potential of pastures), which has
decreased high-density pasture volume and increased low-density pasture in this area.
In previous studies, overgrazing was reported as the most important reason for pasture
degradation [73,74]. Another reason is the uncontrolled movement of visitors for hunting,
walking, mountaineering, rock climbing, and off-road vehicle driving in this area. There are
various famous tourist attractions in this area (such as Mount Damavand, Lar Dam, etc.);
therefore, most of the time, many tourists visit the area and cause ecosystem degradation,
landscape fragmentation, and environmental unsustainability. For example, off-road
vehicle driving is considered as the main contributor to land degradation in semiarid and
arid pastures [75]. Insufficient monitoring is one main reason for the uncontrolled entry of
nomads and tourists into the area, and they have many negative impacts on habitat integrity.
These findings have also been confirmed in literature reviews [32,33,59]. Moreover, Jahani
and Saffariha [76] assessed the impacts of livestock and tourism activities on vegetation in
Lar National Park. Their results indicated that vegetation diversity has decreased due to
overgrazing and the development of tourism activities. Accordingly, the results of many
studies have suggested that the diversity and density of vegetation have declined because
of the development of human activities [55,56,77-81].

According to the results, Jajrud PA, one of the oldest PAs in Tehran Province, had
the top increase in built-up trend with 12% in 2019 compared to 10% in 1989. Accord-
ingly, in the Jajrud PA, habitat integrity has been extensively destroyed due to multiple
factors, particularly the interference of different institutions with the management of the
PA through the development of physical and economic activities. Through overwhelm-
ing influence, different parts of this PA have been assigned to various organizations for
financial exploitation, and they could quickly destroy the ecosystem and habitats of the
area. The diversity of decision-making institutions has diminished the role of the Depart-
ment of the Environment of Iran as custodian of the management and decision-making
process related to the protection of these areas. Several issues must be analyzed to deter-
mine whether the Department of the Environment of Iran are accomplishing their goal
to preserve natural resources and biodiversity in PAs, like the conservation budget and
logistical shortcomings [82-84]. Moreover, another important issue increasing the LULC
changes in this area is the growth of human activities, particularly dams, roads, residential
complexes, factories, industrial and mining activities, canalization, and gas pipes. The
inability of the Department of the Environment of Tehran to monitor and manage the
area, along with the influence of some governmental stakeholders, has led to extensive
human activities in the area. Furthermore, the deterioration of the PAs was not accounted
for due to a lack of monitoring [85]. In addition, the lack of cooperation among different
organizations and the Department of the Environment of Tehran in protecting this area has
caused extensive destruction and unsustainability in the PAs. As seen in Table 4, during
1989-2019, built-up had the top increasing trend in this area, which led to a decrease in the
volume of vegetation, especially high-density pasture. Other studies have confirmed these
findings [33,34,62,86,87], which have demonstrated that habitat fragmentation and unsus-
tainability of societies have increased because of human activities such as the development
of transportation infrastructures and growth in population and cities.

According to the protection laws and regulations of the Department of the Envi-
ronment of Iran, TangehVashi Natural Monument has high legal restrictions against all
physical and economic activities; however, low-level monitoring and high tourist volume
have led to the destruction of vegetation in this area, thus decreasing habitat integrity.
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Many tourism activities are available in the TangehVashi area, such as mountaineering and
rock climbing (especially on weekends and holidays). These activities have caused the
destruction of high-density pastures and increased habitat fragmentation. As the results
revealed, bare land had the top increasing trend with 81.4% in 2019 compared to 80.8% in
1989. One of the foremost issues affecting the direction of LULC changes in TangehVashi
is many tourists to this area. As per statistics from Tehran Province’s Department of the
Environment, more than 600,000 tourists visit this area annually [11]. Various factors, such
as livestock overgrazing, the widespread development of tourism activities, and natural
disasters (e.g., soil erosion and abrupt floods), have reduced vegetation density, especially
in the high-density pasture. Other important reasons for LULC changes in the TangehVashi
area include the lack of monitoring and control stations, insufficient number of guard
stations and environmental guardians, a lack of the necessary protective equipment, and
intelligent cameras to monitor the density of tourists. Our literature reviews would support
these interpretations [35,88-90]. Tourist numbers, vegetation types, and seasonality (both
visitor use and plant growth) can affect how soil and vegetation react to tourists’ tram-
pling [91,92]. Additionally, interviews with 93 PA managers globally discovered that the
number of guards within the PA was significantly related to PAs’ ability to deter habitat
change [93]. Literature reviews suggest that the growing demand for tourism in the PAs
may also play a role in driving population increase as a driving force for LULC change [94].
The decreasing trend in changes to the high-density pastures class is related to Lar National
Park from 1989 to 2019. The main reasons for these changes are livestock overgrazing,
proximity to the metropolis of Tehran, having pristine natural attractions, and the effect of
a suitable climate for developing tourism activities.

According to landscape ecology principles, habitat fragmentation leads to an increased
number of patches and finally changes in the structure and function of the ecosystem [64].
Landscape metrics can be used to measure the impacts of LULC changes on habitats at
different spatial and temporal scales. For example, researchers explain that scale and
zoning effects associated with changes in the size, shape, and connectivity of natural and
semi-natural LULC affect critical ecological processes such as species migration or influence
landscape management [95]. Moreover, different studies have demonstrated that metrics
used to examine human activities and LULC types perform well in documenting structural
changes through time and investigating the dynamics of LULC changes [96,97]. The results
indicated that CA, CAP, and MPS metrics decreased at the level of high-density pastures
during the studied years, which explains the increase in the size of fragmentation patches.
However, NP, MSI, MNN, and TE increased, which illustrates an increase in the number
of patches and a decrease in habitat integrity. Moreover, the most decreasing trend was
related to CA among the metrics, while the lowest decreasing trend during the studied
years was associated with TE. The findings further demonstrate that the class of high-
density pasture had the highest fragmentation during the studied years due to the trend in
LULC changes. Hence, increasing the number and distance between patches has caused
habitat fragmentation to grow in these areas. One of the main reasons for this issue is the
uncontrolled development of human activities, which has decreased habitat integrity; the
continuation of this trend will lead to increased unsustainability in these areas.

According to the experts, many authors have highly acknowledged the importance
of knowledge-sharing as an integral part of decision-making. The synergy of experts’
knowledge, which can be realized through a collaborative knowledge-sharing process, can
be further pursued by devising a workable policy framework [98]. Accordingly, in this
study, and based on the experts’ viewpoints, the main impacts of habitat fragmentation in
different types of PAs were evaluated, which may help prevent the negative consequences
of LULC changes in these areas. A comparison of the studied areas (Table 6) indicated that
in Lar National Park, the most significant impacts are related to decreased habitat integrity
and increased sink habitat patches. “Source-sink” landscape theory separates all landscape
types into source and sink types; it aims to explain ecological processes by looking at
landscape patterns and determining suitable landscaping patterns [99]. “Source-sink”
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landscape theory offers effective practical framework for integrating landscape patterns
and ecological processes, and it has been applied successfully to environmental issues [100].
Sources are habitats of high quality that permit population growth. Sinks consist of
low-quality habitats that, on their own, cannot sustain a population and have a negative
population growth rate [101]. Decreasing habitat integrity leads to dysconnectivity between
species and, ultimately, their extinction [102]. Accordingly, conservation biologists believe
that connectivity and habitat integrity increase the species’ survival, while the impacts
of fragmentation lead to increased habitat isolation [103,104]. The source-sink landscape
theory states that incremental habitat loss caused by fragmentation can have a negative
impact on population growth, resulting in abrupt thresholds in population viability [99,100].
This study further clarified that, in Jajrud PA, the most increasing fragmentation is in the
landscape and animal habitats due to the development of built-up and LULC changes in
this area. These findings have also been confirmed in the study of Sadegh-Oghli et al. [62].
Therefore, according to the experts’ viewpoints, the greatest possible impacts of habitat
fragmentation relate to changes in the patterns and structure of spatial elements (size,
shape, number, type, composition, and status of habitat). Finally, the study of the impacts
of fragmentation in the TangehVashi Natural Monument elucidated that the increase in
habitat patches in this area (due to the development of many tourism activities) has led
to a decrease in the stability of the area and increased edge effect. Hence, the possible
impacts of habitat fragmentation relate to decreased stability and the increased edge effect
of patches. Therefore, studying habitat fragmentation in this area is necessary to achieve
proper planning and management. These findings have also been confirmed in the study
of Paziresh et al. [88].

In the present study, the issue of habitat integrity and connectivity in PAs as a fun-
damental basis for the evaluation and development of conservation strategies has been
primarily addressed in terms of protection and development in these areas. Protected
area managers do not strictly enforce many of the regulations and laws on PAs. This is
particularly true when protecting objectives conflict with socio-economic demands [83]. Ac-
cording to the methodology of this study, the capability of quantifying ecological patterns
and impacts of human activities on natural ecosystems, especially PAs, and quantifying the
landscape patterns can help managers protect these areas and achieve environmental sus-
tainability. Therefore, controlling LULC changes and developing conservation approaches
are essential steps to decreasing habitat fragmentation in PAs. Despite the mentioned
strengths, one weakness of this study is the relatively short description of study areas and
their main ecological features. In other words, less attention was given to habitat structural
differences, pattern changes, and signs related to ecological processes in the study areas.
Hence, the results of this study emphasize the use of the landscape ecology approach for
evaluating the management of PAs and identifying protection patches to prioritize and
protect these areas as much as possible.

A key limitation of the Delphi method is that there are no comprehensive and uni-
versal guidelines, a lack of adequate policies, a lack of consensus for a conclusion, and no
explicit definition of the expert for the Delphi group [105,106]. Our research had many
limitations to using the Delphi method, including different definitions and principles for
defining /performing Delphi steps, respondents failing to complete questionnaires with
seriousness, and concerns about written comments.

5. Conclusions

Undoubtedly, findings can help planners and policy-makers control LULC changes
and habitat fragmentation in PAs. This issue can help evaluate PAs’ management quality
and identify protection patches to prioritize and protect these areas as much as possible.
We should consider that a global analysis highlights that PAs experience lower habitat loss
rates than unprotected areas [107]. In other words, PA establishment is indeed a common
conservation strategy to prevent the degradation of natural resources [108].
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Our research revealed that the increasing trend of economic and physical activities
in the studied areas has led to a decrease in habitat integrity levels. In other words, re-
sults mainly showed that even though PAs seem to have been preventing habitat loss and
fragmentation at the local scale, we identified regions with severe issues in protecting
their habitats. The underlying causes of those issues should be assessed to implement
an appropriate solution (especially in TangehVashi natural monument, due to high eco-
logical sensitivity). Unfortunately, due to the lack of adequate supervision, a trend of
LULC changes and environmental degradation in PAs have been increased remarkably
in recent decades. Developing an integrated management system to achieve organiza-
tional coordination is necessary to resolve this problem. The custodian of these areas is
the Department of Environment of Tehran Province. Hence, any physical or economic
activities should be licensed and monitored only by this department. Some future research
directions have been proposed, including evaluating and revising LULC regulations in
PAs regarding principles of environmental sustainability, modeling risk of LULC changes
from environmental drivers in PAs, assessing the carrying capacity of LULC changes to
avoid ecological fragmentations, and meta-analysis of controlling strategies of ecological
fragmentations. PAs require proper planning and management, so by analyzing the trends
of past changes, and predicting their probability in the future, the findings of this study
will aid managers in monitoring and controlling PAs.
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