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Research and Full Abstract:

Length Article Despite its ecological importance, the wetland edge vegetation could be strongly affected by
Received: human factors e.g., heavy traffic. In order to investigate the impact of human traffic on vegetation
2 November 2022 characteristics and plant diversity, a research was conducted at the edge of Almagol wetland in
Revised: the northern Iran in 2021. The assessment was carried out through a reference area (affected by
23 June 2023 human traffic) and a control area (without human traffic). Sampling was done using a transect-plot
Accepted: method, and vegetation characteristics and diversity indicators were investigated. The results
4 July 2023 showed that the plant cover, and plant height had lower values in the reference area than to the
Published online: control (P < 0.01). Excluding the freshness of perennial species, the factors of height, density
15 July 2024 and biomass of grass and non-grass species, annual and perennial species showed a significant

difference compared to the control area. The average biomass production in the reference and
© The Author(s) 2024 control area was 98 and 264 kg/ha, respectively. Also, in the reference area, the diversity indices

of Margalef and Shannon were 3.9 and 1.6, respectively while in the control area, the values
were 4.9 and 2.45, respectively. In general, the long-term effects of human traffic in this area had
significantly changed both the floristic characteristics and vegetation performance so that some
plants have severely degraded.
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1. Introduction

Wetlands are among the most biologically productive natu-
ral ecosystems that play a critical role in maintaining and
improving water quality, reaching aquifers, and providing
habitat for wildlife (Kaplan and Avdan, 2017; Pal and Taluk-
dar, 2018; Singh and Sinha, 2022). Wetlands also control
flood and play an important role in the land ecological con-
dition e.g., soil, vegetation (Perennou et al., 2018; Rapinel
etal., 2019; Xu et al., 2020).

Location and distribution of wetlands influence the land-
scape ecological functions and human wellbeing (Xu et al.,
2020). However, the vegetation of the wetland edge could
be strongly affected by human factors such as heavy traffic
over time. In fact, as an important element, the vegetation

around the wetlands play an important ecological role, i.e.
food, shelter, which has changed and degradated under hu-
man factors. In recent years, due to the heavy traffiic and
human training, vegetation on edge of wetland in arid and
semi arid areas severely changed (Gxokwe et al., 2020).
Moreover, in many areas, human traffic or human footprints
severely affected both soil and vegetation over time (White-
cotton et al., 2000; Jahantab et al., 2022).

Overall, monitoring wetland ecosystems are challenging
due to their high spatial and temporal dynamics within a
fine-grained pattern (Haidary et al., 2013; Rapinel et al.,
2019), and human factors have threatened wetland ecosys-
tems (Heintzman and Mclntyre, 2019; Jamal and Ahmad,
2020; Rapinel et al., 2019). Therefore, knowledge about
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flora and vegetation is necessary for biological conservation,
protection of rare /native plants, and vegetation management
and land restoration in this areas (Hamedani et al., 2017;
Jahantab et al., 2022).

In recent years, most studies, i.e. Baker et al. (2006), Ka-
plan and Avdan (2017), Pal and Talukdar (2018), Wang et
al. (2018), and Singh and Sinha (2022) have been done on
the effect of land use and land cover changes on the water
quantity of wetlands. However, there is no detailed informa-
tion about the human effect on vegetation in wetland edge.
In recent years, the increase in human traffic in areas with
natural attractions has led to further destruction of vegeta-
tion on the edge of water sources, especially wetlands.

In Iran, due to the geographical location and climatic condi-
tions, wetlands have specific importance in landscape scale.
Iran has more than 250 large and small wetlands, out of this
number of wetlands, some such as Almagol (in Golestan
province, Iran) have been registered in the Ramsar con-
vention list as globally important wetlands (Qurbani et al.,
2011; Hamedani et al., 2017). The Almagol international
wetland is one of the inland wetlands and is one of the
breeding centers of aquatic and waterside migratory birds.
The edge of this wetland has significant vegetation due to
its geographical location and climatic conditions, which has
been affected due to military-tourist purposes, and there is
no information about these changes (Hamedani et al., 2017).
According to the above mentioned and due to the geograph-
ical importance of Almagol international wetland, it is nec-
essary to evaluate the vegetation characteristics of its edge
under human traffic. Therefore, this study was carried out
to find the effect of human traffic on the vegetation char-
acteristics and diversity indicators in vicinity of Almagol
wetland. The main objectives of this research were; 1) How
do characteristics such as vegetation cover, density, height,
biomass, and freshness of plants with different life forms
change with distance from the edge of the wetland? 2) How
have the diversity indices of Margalef and Shannon in this
region changed over time under the influence of human traf-

m‘tn\"e“
.#-*’"’f“:_\ :
1::“_#;'};::#_%
1‘_‘“1 - 2 y
-
- o
g ;ﬁhg 4
;7€
50| [ Almagol wetland
3 Ll ltl E
® ‘K b 1‘.
P g

Mehrani et al.

fic? Also, in this study, a control area (enclosed site without
human traffic) was considered for comparison.

2. Materials and methods

2.1 Study area

The Almagol international wetland is located in the Gorgan
province (37.4305° N, 54.6451° E), in northern Iran (Figure
1). The wetland has the Mediterranean climatic conditions,
where the region has a warm Mediterranean climate with hot
and dry summers and mild winters. Annual rainfall varies
between 250 to 300 mm and humidity varies between 26
and 100 percent. The annual evaporation rate is 1800-1900
mm. The minimum temperature is 5 °C and the maximum
temperature is 42 °C (Hamedani et al., 2017).

The Almagol wetland with an area of 210 ha has a water
volume of 5 Million Cubic Meters (MCM). The elevation
of this wetland is 4 m a.s.l. and its average depth is 2 m and
its maximum depth is 4 m. This wetland is rich in nutrients
coupled with low salinity. The sources of water for this
wetland are rainfall, surface water, and wastewater in the
region (Hamedani et al., 2017). This area is a breeding
ground for migratory waterfowl and waterside birds, and
due to its geographical location close to Inche-Borun border
market and access roads, it has many visitors. On the edge
of the Almagol wetland, the recreation complex is located
within 150 m of the wetland. Also, the Inche-Borun military
area with an area of 4.18 ha is located in this area and has
changed the area with high human traffic.

2.2 Data collection

The experiment was carried out through two reference and
control sites at the edge of the wetland in 2021 (Figure 1).
A site under the high-traffic and an enclosed site with no
access road and no traffic (as control) were considered for
sampling. Control area was selected in an adjacent area at
a distance of 1 km with similar physiographic conditions
under natural vegetation (Figures 1, 2).

Vegetation cover was performed based on a completely

. Caspian Sea -

AL W g

/ :

g

Persian Gl B
Yol GonL B 00 O0°E

Figure 1. Geographical location of the Almagol wetland in northern Iran, and sampling points along the placed transects in

edge of wetland.
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Figure 2. General view of the Almagol wetland in reference and control areas.

randomized design in each site (Chambers, 1983). For
this purposes an experimental analysis was done based on
1 x 2 m? plots placed along three 400 m transects at each
site. Each transect was placed at a distance of 50 m from
each other from the edge of the wetland to the outside edge,
and 20 plots were placed along each transect and vegetation
cover characteristics were investigated through the placed
plots (Figure 1).

The most important characteristics of plants including cover,
density, height, biomass and freshness were investigated and
recorded based on plant life form (grass, non-grass, annual
and perennial) in each plot. The freshness of the plants was
calculated as a percentage based on weighing the harvested
plants before and after drying to estimate the biomass. In the
control area, the vegetation characteristic was also evaluated
in the same way.

2.3 Data analysis

Species diversity was calculated in study plots. For this pur-
pose, Shannon diversity index (Equation 1) and Margalef
richness index (Equation 2) were calculated for both refer-
ence and control sites as follows (Margalef, 1958; Shannon,
1948):

E = (—imnﬂ-)/lns (P.=Ni/N) (1)

i=1
Where:
E = Shannon index,
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Ni = the number of species i,
N = the total number of species,
S = the number of species present.

D=(S—1)/InN )

Where:

D = Margalef diversity index,

S = Total number of species,

N = Total number of individuals.

All data were checked for the normality using the
Kolmogorov-Smirnov test. ANOVA and unpaired T-test
were then performed to compare data of reference and
control areas using SPSS 17.1 statistical package software
(Sig. <0.05).

3. Results

The vegetation cover of the edge of this wetland consists of
both perennial and annual species. There is a lot of grass
around the wetland. There are also wild spinach (Atrriplex
sp.) and other species that are grown in the edges of the
wetland where grasses (e.g., Avena fatua L., Alopecurus
pratensis L., Lolium rigidum Gaudin, Cynodon dactylon
(L.) Pers.), and forbs (e.g., Salsola dendroides Pall., Ono-
pordum acanthium L.) (annual/perennial species) grow in
this area.

The measurement of the height of plant species in two se-
lected areas showed significant differences (Figure 3). How-
ever, the most differences were related to the non-grass
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Figure 3. Height of Height of grass (A) and non-grass (B) species in reference and control area.
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species so that the height of the grasses didn’t show much
difference between the reference and control areas, and also
with the distance from the wetland except at 50 m from the
wetland. The height of the perennial species was strongly
influenced by the area where the values were much lower
in the reference area than the control (P < 0.01). In general,
under the influence of human traffic around the wetland,
the changes in the height of non-grass species have been
more than that of grasses. It seems that non-grasses have
less resistance in dealing with environmental stresses such
as human traffiking.

As one of the most important characteristics of plant com-
munities, cover showed significant differences in this region.
In general, firstly, a significant difference was observed be-
tween the reference and control areas in terms of vegetation
cover changes (P < 0.01), where the average total cover
was 13.7 and 35.3% in the reference and control areas, re-
spectively. Also, the results showed that the amount of veg-
etation cover of perennial species (e.g., Lepidium draba L.,
Taraxacum nevskii Juz., Onopordum acanthium L., Aspara-
gus officinalis L.) and annual species (e.g., Silene apetala
Willd., Raphanus raphanistrum L., Koelpinia linearis Pall.,
Crepis sancta (L.) Bornm.) in the reference area increased
with the distance from the wetland edge (Figure 4). Also, in
the control area, the cover of perennial species close to the
wetland had higher values, which probably happened under
the influence of more moisture in the soil. Although these
changes were different in relation to the reference area, they
showed a significant reduction in general.

Figure 5 shows the density of plant species (annual, peren-
nial, grasses and non-grasses) through the distance from the
wetland in two reference and control areas. In general, the
density of species of grasses and non-grasses has increased
far away the wetland (Figure 5: A-B). On the other hand,
there was a significant difference in the density of species
between the control and reference areas. The low density of
species (3 stands for non-grasses and 5 stands for grasses)
was observed in points 50 m far from wetland in the refer-
ence area affected by human traffic. Similarly, the density
of annual and perennial species in the reference and control
areas has shown a significant difference (P < 0.05) (Figure
5: C-D).

Table 1 shows the changes in biomass of the plant species
in plots in relation to distance from wetland. Generally,
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control area showed the higher biomass production than ref-
erence area (Sig.<0.01). Moreover, the most inter changes
in biomass was related to the reference area (Sig. < 0.01)
where each distance far from the wetland showed different
biomass productions. The average biomass production in
the reference and control areas was 98 and 264 kg/ha, re-
spectively. Control area didn’t show a significant difference
through three distances from wetland (Table 1). In general,
in both the reference and control areas, with distance from
the wetland, the vegetation cover for all the evaluated life
forms has shown a relative increase. Moreover, although
there is a difference between three distances from wetland
in the control area, the difference was not significant (Table
2).

Unlike characteristics of height, cover and biomass, plant
freshness showed differences in the region at the late grow-
ing season. In general, the freshness of the plants in the
control area was lower than the reference area. Also, in
both reference and control areas, the freshness of plants
showed a relative decrease with distance from the wetland.
Probably, this factor is directly affected by soil moisture or
the volume of plant biomass under human traffic (Figure 6).
The evaluation of the changes in the edge of the wetlands has
strongly caused changes in the diversity indices (P < 0.05).
The lowest value of diversity indices was observed in the
reference area and in 50 m far from wetland. By moving
away from the wetland, the diversity showed a relative in-
crease. In general, the diversity indices in the reference area
showed a significant decrease compared to the control area
so that the average values of Margalef and Shannon indices
in the reference area were 3.9 and 1.6, respectively while
they were 4.9 and 2.45, respectively, in the control area
(Figure 7). On the other hand, close to the wetland, due to
the unfavorable conditions of soil ventilation and excessive
moisture in the soil, it causes the natural selection of plant
species, which causes the dominance of some species in
this area. Therefore, in the control area, a relative increase
in diversity indicators was seen with a distance from the
wetland.

4. Discussion

Preliminary results of this study showed that drastic changes
have been taken place in vegetation at the edge of the Al-
magol wetland under human traffic over time. Based on
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Figure 4. Cover of perennial and annual plant species in two study sites.
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Figure 5. Density of grasses (A), non-grasses (B), annual (C), and perennial (D) species in relation to distance from wetland
in two study sites.

Table 1. Mean value (£SD) of biomass of perennial and annual species (kg/ha) between three distance from
wetland in two study sites.

Distance from Perennial species (kg/ha) Annual species (kg/ha)

wetland (m) Reference area Control area Reference area Control area
50 m 107 +238 4144744 424108 84 +758
100 m 149 +35AB 398 +£10.24 6242048 155 £ 2548
150 m 151+304 380+934 704204 156+ 384

Means of column followed by the same letter are not differ by the Tukey test (P < 0.05).

Table 2. Mean value (£SD) of biomass between refrence data and control for each plant life form.

Distance from wetland

Life f Sit, M k
ife form ite om 100 m 50m ean (kg/ha)

, . Reference area 107 423 149 £35P 151 £30P 135.78

Perennial species ) ) A
Control area 414 £ 747 398 +1022 380+93% 397.3
0.01 0.01 0.01 0.01

] Reference area 42+ 10° 62 +20° 70 + 20 58.08

Annual species A
Control area 84 +752 155+ 254 156 4382 131.7
0.01 0.01 0.01 0.01

Means of column for each plant life form followed by the same letter are not differ by the Tukey test (P < 0.01).
Uppercase letters show the comparison between the transects in each region, and lowercase letters show the
comparison between the two studied regions.
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Figure 6. Percent of freshness of perennial species in relation
to distance from wetland in two study sites.
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Figure 7. Species diversity/richness indices for study sites
in edge of the Almagol wetlands.
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the results, the most change was related to cover, biomass,
height and diversity indices. The results revealed that there
were also differences in vegetation in relation to distance
from the wetland under human traffic. In general, in the
wetlands of dry and semi-arid regions, the distribution of
plants is more limited and the changes of plant species are
in the gradient from the wetland to the dry side (Sefidian
et al., 2015). Therefore, the changes in different life forms
were noticeable in which perennial specie showed more
changes than annual species. In fact, different life forms
react differently to human traffic and trampling; for exam-
ple, the more resistant woody speacies have less recovery
abilities because of their woody nature while annual species
will have a higher recovery ability in the short term (Piscova
etal., 2015).

In this area, the density of annual plants (i.e. Silene apetala
Willd.) was severely influenced by human traffic. In annual
species, plant production by seeds is an important mech-
anism for recovery of plant communities (Larreguy et al.,
2014) which may be severely influenced by soil destruc-
tion and compaction (K\uurovd, 2016; Lei and Middleton,
2018). This phenomena is more important in arid and semi-
arid areas due to stressful environmental conditions (Sanou
et al., 2018). In addition, sometimes, under the deep pen-
etration of seeds in the soil due to heavy traffic, the axial
hypocotyl must elongate further in order for the cotyledon
to reach the soil surface (Jahantab et al., 2022). Therefore,
it seems that annual species in the soil have been severely
affected in the high traffic areas, which has caused a reduc-
tion in growth and biomass production. Furthermore, seed
production can be severely affected by human traffic over
time, which reduces plant reproduction, especially in annual
species.

The evaluation of the vegetation cover and plant production
in the reference area affected by human traffic showed lower
amounts compared to the control area. In general, traffic on
the soil causes the decline in soil structure and increase soil
compaction, which in turn changes the rhizosphere around
the roots of plants, which will result in a decrease in plant
performance (Saravi et al., 2015). In the same way, these
changes were more noticeable closer to the wetland, which
probably happened due to more moisture in the soil and
more compaction of the soil. In general, humidity improves
soil conditions, and better transport of materials in the soil,
and causes better plant growth and increased production
(Tavili et al., 2019). However, the reduced leaf area and
lower leaf dry matter content under human traffic and tram-
pling may further affect goods and services provided by
ecosystem (Li et al., 2021).

Moreover, the freshness of perennial species in the refer-
ence area was higher than control area. Probably due to
the lower growth of plant species in this area, the humidity
of plant organs has also been higher. It seems that in this
warm region, with the increase in the amount of biomass,
the amount of consumption or the removal of moisture in
the organs of plants increases. Similarly in previous study,
changes in characteristics such as yield and freshness of
plants have been directly affected by soil compaction (Dias
et al., 2021).
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Also, plant diversity indices under human traffic were sig-
nificantly reduced compared to the control area. In general,
stress-causing factors such as their excessive movement in
the soil cause the destruction of species sensitive to stress,
and this will benefit some other species, but in this area,
human traffic during the year reduces plant diversity. In fact,
plant diversity is directly affected by compacted soil charac-
teristics (Yazdanshenas et al., 2013; Jahantab et al., 2022).
Therefore, control area had higher values of diversity in-
dices. On the other hand, the dominance and excess of some
plant species cause the destruction and the decline of some
other species, which causes a decrease in species diversity.
Whitecotton et al. (2000) showed that how military training
influences soil and vegetation properties after 2 years of
intensive training in the USA were first of all, human traffic
changed the characteristics of the soil and then, the char-
acteristics of plants caused the loss of vegetation.Piscova
et al. (2021) and Li et al. (2021) also reported that with the
proximity to trampling intensity under human traffic, there
was a significant decrease in plant cover, abundance and
species diversity and richness in Alpine plant communities.
Based on the obtained results in this area, almost all the
vegetation characteristics, i.e. covere, density, freshness,
species diversity have hanged under the influence of hu-
man traffic. Therefore, increasing human populations and
traffic in proximity to wetlands are important factors of wet-
land degradation (Geijzendorffer et al., 2019) and human
activities severly can influence wetland resources and vege-
tation (Zhang and Yu, 2021) and its monitoring is essential
to improve the wetland environmental conditions (Karimi
Sangchini et al., 2020).

5. Conclusion

Vegetation at the edge of Almagol wetland showed signifi-
cant changes under the influence of long-term human traffic.
Due to soil compaction, in this area, the vegetation changes
were different depending on the vegetative life form (annual
and perennial) and their biological form (grass and non-
grass). The cover, height and biomass showed the highest
values near the wetland. The freshness of perennial plants
in the reference area had higher values than the control area.
Also, plant diversity in the reference area showed a signif-
icant decrease compared to the control area. Overall, the
results highlighted the importance of well-managed wetland
edge for vegetation conservation. However, it is suggested
to investigate the effects of human traffic on the change of
physical and chemical properties of soil in the wetland edge
in future studies. And in the same way, the relationship
between the changes in soil and vegetation characteristics
in the vicinity of wetlands that are affected by heavy human
traffic should be evaluated. This can be done in the form of
a monitoring program through permanent plots (inserting
geographic coordinates) to evaluate the long-term effects
of human traffic on the health of wetland ecosystems and
to protect and continue the ecological functions of theses
valuable ecosystems. Also, if it is not possible to carry
out protective measures such as enclosure in some touristic
areas on the edge of the wetland, identifying species resis-
tant to human traffic for cultivation in these areas can be
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considered in future research.
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