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Abstract. As an attraction of anthropogenic activity, the impact of artificial disturbance on riparian 

ecosystems is an increasingly ecological question. However, how riparian species response to urbanization 

and human disturbance is unclear. This research aimed to study the relationship between ecological 

characteristics of the common reed and environmental factors along an urbanized river. The 40 sampling 

plots along the Shonai River that run across the urban and suburban areas of central Japan were investigated. 

The distribution of common reed was investigated in six plant community types with different species 

composition. We found that common reed with a dominant stand tends to distributed in the riparian habitats 

that close to the river while far from roads. Our results showed that the soil properties such as electrical 

conductivity, and pH were negatively related to the colonization of common reed. Among the 

anthropogenic factors, the percentage of impervious surface and distance to the road had a negative 

correlation with the coverage and biomass of common reed. These results suggested that the negative effects 

of anthropogenic impacts on the ecology of common reed, and appropriate management should be 

conducted to maintain the sustainability in riparian areas. 

Keywords: common reed, urban ecology, riparian areas, vegetation–environment interactions, land cover, 

soil property 

Introduction 

Riparian areas are aquatic-terrestrial ecotones formed by fluvial and upland ecological 

process, are comprised of a series of heterogonous environments and various vegetation 

communities (Décamps et al., 2009). Vegetation composition and diversity within the 

riparian area are highly variable due to the influence of various environmental factors 

(e.g., flooding regime, soil condition, topography, and anthropogenic disturbances), 

which restrict the occurrence and colonization of riparian species (Lyon and Gross, 2005). 

Also, riparian areas are the most sensitive ecosystem compare with the surrounding 

environment, but also the most severely disturbed by human beings globally (González 

et al., 2017). 

Urbanization and human impact driving profound changes to the natural ecosystems 

that remain with urbanized areas (Zipperer et al., 2012). In riparian areas, urbanization 

and the human impact such as land-use change, the construction of flood protection works, 

soil and water pollution, and human trampling would be associated with the structure and 

distribution patterns of riparian plant communities (Cao, 2019). However, there are few 

studies on the distribution pattern of riparian plant species at a local level, despite the 

availability of some studies referring to the correspondence with habitat conditions and 

distribution patterns of main component species of riparian area (Mligo, 2016). Few 

studies have been conducted to focus on the effect of land-use and human impact on the 

composition and distribution patterns of riparian plant species. 
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Common reed (Phragmites australis) is a constructive species in the riparian areas in 

Japan and is widely distributed from subtropical to cold zones because of its well-adapted 

ability to a large variety of environments (Clevering and Lissner, 1999). In Asia, the 

common reed is a native aquatic plant species that provide habitats and breeding sites for 

birds and insects, and amphibians (Packer et al., 2017), and play a crucial role in 

stabilization of riparian ecosystem (SijiMol et al., 2016). 

In natural riparian habitats that with less human disturbance, common reed can rapidly 

colonize large areas, and often represent a dominant stand in areas such as wetland, and 

marshland, where they can form a single species community; this phenomenon has been 

reported in previous research (McCormick, 2009; Uddin et al., 2017). The ecology and 

colonization of common reed along the urbanized river where under a high level of human 

disturbance is still unclear. Indeed, previous studies have mainly focused on the natural 

environmental variables that affect the ecology of common reed (e.g., moisture and soil 

properties), but the impact of anthropogenic disturbance on the colonization of this 

species has received little attention (Burdick et al., 2001; Hudon et al., 2005; Thevs, 2007). 

For example, the impervious surface, transformed from natural or semi-natural riparian 

habitats, which in turn can alter the environmental conditions (e.g., soil properties, habitat 

fragmentation, resource availability), leading to degradation of riparian habitats and 

vegetation (Grella et al., 2018). The construction and existence of roads, as an index of 

accessibility to anthropogenic disturbance, have shown deleterious effects on numerous 

ecosystems (Liu et al., 2014). Generally, there are three main ecological influences of 

road. Firstly, roads can be corridors for the spread and propagation of alien species 

(Lázaro-Lobo and Ervin, 2019); secondly, the access of human and vehicles may alter the 

plant community structure and decrease habitat resilience (Daryanto et al., 2013); thirdly, 

roads leading the habitat loss and fragmentation, which may negatively affect the 

colonization and growth of native species (Haddad et al., 2015). Therefore, it limits our 

understanding of the ecology of common reed if we lose sight of anthropogenic factors, 

particularly in riparian areas along an urbanized river, which are characterized by 

fragmented habitats and intense artificial activities. 

We studied the distribution pattern and colonization of common reed along the Shonai 

River, Japan. Our objective was to explore the distribution pattern of common reed and 

explore the relationship between the colonization of common reed and environmental 

factors. We hypothesize the common reed with a dominant stand tend to distribute in 

habitats that under less human-disturbed and, we also hypothesizing that colonization of 

common reed is negatively affected by anthropogenic pressure. 

Methods 

Study area 

The Shonai River runs through the Aichi and Gifu prefecture, Japan (35°04′–35°24′ N, 

136°49′–137°20′ E) (Figure 1). The Shonai River originates from Mt. Yudachi, goes 

through the basin of Gifu - Tohnoh District, Tamano Valley, Nobi plain, and finally out 

to the Ise Bay. The basin of the Shonai River covers an area of 1010 km2, and the length 

of the mainstream is 96 km. The river basin area has a typical temperate maritime climate, 

the monthly maximum and minimum temperatures were 27.8°C (August) and 4.5°C 

(January), respectively. The average annual air temperature and precipitation in 

1998-2018 was15.8 and 1529 mm, respectively (Aichi Prefectural Government, 2019). 

The Shonai River is considered one of the most urbanized rivers in Japan because it has 
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been affected by various processes of migration and urban development. The Shonai 

basin has Nagoya, the fourth largest city in Japan, as well as other rapidly urbanizing 

cities such as Kasugai, Owari-Asahi, Seto, and Tajimi, with a population density of 

approximately 2400 persons/km2. The land use of the Shonai River basin comprises 

built-up areas (55.2%), agricultural fields (10.7%), and forest (34.1%) (Ministry of Land, 

Infrastructure, Transport and Tourism, 2018). 

 

Figure 1. Locations of the study sites, sampling plots, and an overview of the Shonai River 

system in Japan 

 

 

Sampling design 

The field survey was conducted from April to July in 2018. Four sampling sites were 

selected from the lower to upper reaches of the Shonai River. Site A was located to the 

northwest of Nagoya City, in the lower reaches of the river section. This area has 

developed over a long period and contains a large human population and recreational 

spaces. Sites B and C were located outside the urban area, in the middle reaches of the 

river section, which is undergoing the process of city expansion and is associated with 
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the continued disappearance of forest and farmland. Site D was located in the upper 

reaches of the river system. As the central region of Tajimi City, this area is inhabited by 

a large number of local residents (Table 1). 

 
Table 1. The description and characteristics of each sampling site 

Sampling 

site 

Plots 

surveyed 
Sampling site description 

Altitude 

variation(m) 
Example image of 

surveyed habitats 
Min Max 

Site A 10 

Site A was located to the northwest of 

densely built metropolitan city Nagoya. The 

riparian area in Site A was transformed by 

the levee, recreational spaces, and different 

levels of roads. 

7.4 11.3 

 

Site B 10 

Sites B was located in the suburban region of 

Nagoya city. The riparian area was 

surrounded by a few small patches of 

farmland and residential areas. 

16.5 20.1 

 

Site C 10 

Site C was located in the middle reaches of 

the river section. The riparian area remains a 

semi-natural state with continuous shrub and 

grassland. 

43.8 52.1 

 

Site D 10 

Site D was located in the upper reaches of the 

river system. In order to make it easy for 

everyone to access the river and enjoy the 

scenery, the loose inclination at the lower 

riverbed was designed. 

89.3 97.1 

 

 

 

In each sampling site, ten 10 × 10 m plots were established along the river and used 

for the sampling of woody and shrub species. In each plot, five 1 × 1 m small plots were 

established for the sampling of herbaceous species and nested in the center and four 

corners of each plot (Figure 2). Plots were separated by a distance > 50 m. To reduce the 

marginal effect, the areas within five meters from the river were excluded. The plots were 

selected at random and depended on the presence of common reed. 

 

Figure 2. Example of the typical vegetation sampling strategy for each sampling site 
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Data collection 

In each plot, we measured a series of variables describing the characteristics of 

common reed communities and individual: 1) scientific name, coverage, and abundance 

of all plant species presented in the plot; and 2) the aboveground biomass and density of 

common reed. The coverage of plant species was measured by visually (Damgaard, 2014); 

The density of common reed was measured by recording the number of this species in a 

1 × 1 m range; The aboveground biomass was divided into leaves and stems, and dried at 

70°C until constant weight (Sinacore et al., 2017). The results were showed in g dry 

mass m−2. From each plot, soil samples were collected from the center and four corners 

of plots at depths 20–40 cm to analyze the soil physical and chemical properties. To 

measure the soil water content, each soil sample was placed in an aluminum box and 

weighed, and after dried in an oven at 105°C for 24 h, they were weighed again. The 

electrical conductivity of each soil sample was tested as follows: first, each of the soil 

samples was pushed through a 2 mm sieve, and the solution was conducted as soil: water 

as 1:5, and then an electromagnetic conductivity meter was used for testing (Mamat et al., 

2016). The soil pH was determined using an electric pH meter. In addition, in each plot, 

the distances from the road (DRO) and river (DRI) were calculated using the Euclidean 

distance method in ArcGIS 9.3. The land use or land cover types in sampling sites were 

classified by farmland and impervious surface and were calculated based on a color aerial 

photo and estimated by ArcGIS 9.3. Urban facilities, such as buildings, footpaths, 

playgrounds, and roads, indicated the impervious surface. Agriculture fields, flower 

nursery, and orchards were considered as farmland in current research. 

Data analysis 

Cluster analysis was used to classify the common reed community types. The 

importance value (calculated based on the relative frequency, relative coverage, and 

relative density) of each species present in the 40 plots was used as the basis of cluster 

analysis (Ruiz and Lugo, 2012; Ross et al., 2016). 

The Euclidean distances and Ward’s method were used to select an optimum pruning 

point for the dendrogram. The cluster analysis was performed with R (version 3.5.1). 

To investigate the environmental factors affecting the distribution pattern and 

composition of common reed communities, we use canonical correspondence analysis 

(CCA; in CANOCO version 4.5) to ordinate the environment variables. The Monte Carlo 

permutation test was conducted to examine the statistical significance of environmental 

variables for CCA. 

We conducted two steps of the analysis to explore the relationship between the 

colonization of common reed and environmental variables. Firstly, we use the Tukey’s 

HSD test in one-way analysis of variance (ANOVA) to explore the differences in the 

coverage, density, and biomass of common reed among the classified common reed 

communities; Secondly, we used a generalized linear model constructed with R to 

determine the environmental factors affecting the colonization of common reed. The 

independent environmental variables included elevation (m), precipitation (mm), distance 

to the river (m), the proportion of impervious surface (%), the proportion of farmland (%), 

distance to the road (m). The factors related to soil property such as soil water content 

(g/g), soil electrical conductivity (µS/cm), and pH were considered in the analysis. We 

calculated the model with the lowest Akaike information criterion as the best model for 

the colonization of common reed, using the MASS package. 
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Results 

Floristic diversity and composition of common reed community 

In riparian areas along the Shonai River, six groups of common reed communities were 

classified (Fig. 3). These six groups of communities mainly differed in coverage of 

common reed and species composition (Table 2). The characteristics of each group of 

community are as following. 

 

Figure 3. The result of cluster analysis (Ward's method, Euclidean distances), identified six 

groups of communities 

 

 
Table 2. Species composition, species frequency (Fr%), and mean coverage (Co%) within the 

groups obtained in cluster analysis 

Species Group A Group B Group C Group D Group E Group F 

 Fr% Co% Fr% Co% Fr% Co% Fr% Co% Fr% Co% Fr% Co% 

Erigeron 

philadelphicus L.* 
  83.4 3.9   40 3.5 28.6 2.1 16.7 3.2 

Festuca 

arundinacea* 
25 4.1 100 32.1   40 3.5 28.6 2.1 16.7 3.2 

Lolium multiflorum 

Lam.* 
  16.7 2.7 87.5 5.4 80 5.7 59.1 5.8 16.7 3.7 

Miscanthus 

sacchariflorus 
25 6 16.7 1.9 100 31.2 100 34.5 100 62.1   

Poa annua L. 37.5 6.5   62.5 3.8   42.9 4.2 16.7 1.9 

Pueraria montana 

var. lobata 
  16.7 2.2 50 5.9   42.9 3.9 16.7 2.8 

Rosa multiflora 

Thunb. 
25 2.4 50 2.8 62.5 4 40 3.4   66.7 5.2 

Solidago altissima 

L.* 
    37.5 2.7 100 37.5 28.6 2.8 100 32.2 

Trifolium repens L.* 25 1.9 66.7 3.3 25 2.4   42.9 3.7 16.7 1.7 

Erigeron annuus (L.) 

Pers.* 
  50 2.3   80 2.7 42.9 2.1 33.5 1.9 

The plants represent the accompanying species with common reed. We just listed the top ten species in 

order of importance value. Non-native species were shown with “*”, the dominant species were shown 

in bold. 

 

 

Group A was the common reed community. The structure of Group A communities 

was dominated by common reed with high coverage. 

Group B was the common reed – Festuca arundinacea community. This type of 

community was dominated by common reed and F. arundinacea in the herb layer. 
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Group C was the common reed–Miscanthus sacchariflorus community. This type of 

community was dominated by common reed and M. sacchariflorus. The herb species 

Solidago altissima was also present in this group of communities. 

Group D was the M. sacchariflorus–S. altissima community. This type of community 

was dominated by M. sacchariflorus, S. altissima was mainly distributed under the shrub 

layer, which mainly comprised of M.sacchariflorus. Common reed was sparsely 

distributed in these communities, with low coverage. 

Group E was the M. sacchariflorus community. This group of the community was 

dominated by M. sacchariflorus, with an average coverage of 62.1%. Common reed was 

distributed associated with M. sacchariflorus in the shrub layer with an average coverage 

of 4.3%. 

Group F was the common reed–S. altissima community. This type of community was 

dominated by common reed and S. altissima. 

Distribution and composition pattern of common reed communities 

Canonical correspondence analysis (CCA) was conducted to determine the distribution 

pattern of the six groups of plant communities. The CCA ordination exhibited strong 

correlations between plant species abundance and environmental factors. The cumulative 

proportions for CCA1 and CCA2 were occupied nearly 72% (Table 3). Therefore, these 

two axes can be considered proper predictors of plant community distribution and species 

abundance. The Monte Carlo permutation test indicated that five environmental variables 

significantly affected the distribution pattern of riparian communities and dominant plant 

species (P < 0.05) (Table 4). 

 
Table 3. Summary statistics for CCA ordinations 

 CCA1 CCA2 CCA3 CCA4 

Eigenvalue 0.1026 0.09177 0.03484 0.02196 

Proportion explained 0.3809 0.3409 0.1294 0.08156 

Cumulative proportion 0.3809 0.72185 0.85128 0.93284 

 

 

Table 4. Results of the Monte Carlo permutation test to select the environmental variables for the 

canonical correspondence analysis (CCA), The significant variables (p < 0.05) were selected 

Variables R2 P-value 

Altitude 0.2421 0.018* 

Distance from the river 0.2420 0.016* 

Distance from the road 0.3100 0.011* 

Proportion of impervious surface 0.2803 0.006** 

Proportion of farmland 0.1860 0.046* 

*P ≤ 0.05, ** P ≤ 0.01 
 

 

The CCA1 axis was the best predictor of the differences in the pattern of community 

distribution and species composition. The correlations between the CCA axes and 

environmental factors are listed in Table 3. The altitude and proportion of impervious 

surface were strongly negatively correlated with CCA1; however, the distance from the 

river, distance from the road, and the proportion of farmland were positively correlated. 

The distance from the road was positively correlated with CCA2. The factor of the 

proportion of farmland was positively correlated with the CCA3. None of the 

environmental factors had a strong relationship with CCA4 (Table 5). 
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Table 5. Eigenvalues and correlation matrix of the relationship between the environmental 

factors and the four axes of the canonical correspondence analysis (CCA) for the six groups 

of communities growing in the riparian area along the Shonai River 

Factor CCA1 CCA2 CCA3 CCA4 

Altitude -0.7348** 0.16896 0.4996 0.4246 

Distance from the river 0.5454* 0.51605 0.4222 0.1825 

Distance from the road 0.6085* 0.71496** 0.1237 0.2010 

Proportion of impervious surface -0.8268** -0.02352 0.1758 -0.3369 

Proportion of farmland 0.6703* -0.02179 0.5708* -0.3018 

*P ≤ 0.05, ** P ≤ 0.01 
 

 

The CCA ordination indicates the distribution patterns of the dominant species in each 

riparian plant community (Figure 4). The distance from the road had an influence on the 

distribution pattern of community Group1 and most plant communities of Group E. The 

existence of several dominant species, native species such as P. montana var. lobata, was 

related to the distance from the road. The factor of altitude strongly affected the distribution 

pattern of Group B and portion of communities of Group A. The species of F. arundinacea 

were strongly associated with the altitude variable. The proportion of impervious surface 

influenced the distribution of Group B, and part of Group D; the dominant species S. 

altissima and E. philadelphicus was also associated with this variable. The dominant 

species in Group C and D, and parts of Group E and F, M. sacchariflorus, L. multiflorum, 

and P. annua, had obviously positive correlations with the distance from the river (Figure 

4). The dominant species in Group A and B, common reed, and F. arundinacea had 

obviously negative correlations with the distance from the river (Figure 4). The proportion 

of farmland had an influence on the dominant species in Group E. Dominant species, such 

as P. annua and T. repens, were associated with the proportion of farmland. 

 

Figure 4. CCA ordination diagram between vegetation characteristics and environmental 

factors. SP1: common reed; SP2, M. sacchariflorus; SP3, F. arundinacea; SP4, S. altissima; 

SP5, Lolium multiflorum Lam., SP6, Trifolium repens; SP7, Pueraria montana var. lobata; SP8, 

Poa annua L. SP9, Erigeron philadelphicus L., SP10, Rosa multiflora Thunb 
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These results suggest that the Group A community was located in the area with less 

anthropogenic disturbance along the Shonai River (long distance to the road, short 

distance to the river). In contrast, Group B was mainly distributed in areas under high 

anthropogenic pressure (high proportion of impervious surface, higher altitude). The rural 

areas of the Shonai River were always associated with the location of Groups C and E 

(high proportion of farmland). Group D tended to be distributed through areas near the 

road and far away from the river. The distribution pattern of Group F showed a relatively 

decentralized condition, but the overall trend was located in the areas far from the river. 

Variation in the characteristics of common reed 

The coverage, density, and biomass common reed showed a similar variation tendency 

in groups A-F (Figure 5). 

 

Figure 5. Differences in the coverage, density, and biomass of common reed in the six groups of 

the plant communities. Values with the same letter means they are not significantly different at 

the 0.05 significance level 

 

 

The coverage of common reed showed the highest values in group A and reached its 

lowest value in group E (P < 0.05). 

The density of common reed showed significantly (P < 0.05) higher values in group A 

while reached its lowest value in group D (P < 0.05). 

The biomass of common reed reached its highest value in group A (P < 0.05), and 

showed the lowest value in group E. 

Environmental factors affecting the colonization of common reed 

The colonization of common reed in the riparian areas affected by numerous 

environmental variables in GLM analysis (Table 6). The coverage of common reed was 

highly influenced by soil property (positive/negative) and negatively affected by the 

distance from the river and the proportion of impervious surface. Besides, the coverage 

of common reed tends to increase with the increasing of distance from the road. The 

biomass of common reed was also affected by many factors and was positively correlated 

with soil water content, distance from the road, and the proportion of farmland. They were 

also negatively affected by soil electrical conductivity, distance from the river, and 
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proportion of impervious surface. The density of common reed was only positively 

affected by soil water content, but negatively affected by soil electrical conductivity, and 

the proportion of impervious surface. 

 
Table 6. Generalized linear model (GLM) analysis of the relationship between the 

colonization of common reed with the environmental factors; electrical conductivity (EC), soil 

water content (SWC), distance from the river (DRI), distance from the road (DRO), the 

proportion of impervious surface (IMP), the proportion of farmland(FIELD), altitude (ALT) 

 Environmental factors 

Characteristics pH EC SWC DRI DRO IMP FIELD ALT 

Coverage -0.176* -0.009*** 0.006*** -0.005*** 0.001** -0.009**   

Density  -0.005*** 0.003***   -0.005*   

Biomass  -0.004*** 0.004*** -0.003*** 0.001** -0.003** 0.006**  

The values in the cells are model regression coefficients; only significant coefficients selected for the 

minimum AIC value are included. *indicates a significant difference (*P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001). 

 

 

Discussion 

Distribution and composition pattern of common reed communities 

Regarding the Group A (common reed), a negative correlation between the community 

distribution and its distance from the river was detected, suggesting that the plant growth 

in this group depends on the relatively humid environment at the flood plain area of the 

Shonai River (with distance from the river ranging from 7–55.8 m) (Table 7). The major 

soil types in the location of Group A near the Shonai River were sandy soil and wet clay, 

both of which gave exclusive advantages to common reed. On the one hand, due to the 

unsatisfactory water retention performance of the sandy soil, common reed has a higher 

survival rate with its remarkable adaptability compared to other species (Rice, 2012; 

Legault et al., 2018). On the other hand, common reed can grow and spread rapidly in 

appropriate soil conditions, which makes it more competitive against other species (Ter 

Heerdt et al., 2017). In addition, the distribution of Group A communities was positively 

correlated with the distance from roads. This could be explained by the fact that a long 

distance from roads implies relatively fewer degrees of human disturbance, which could 

create a relatively stable environment suitable for the growth of vegetation. The 

distribution pattern of Group A communities accords with our expectation that common 

reed community tends to distribute in less human-disturbed habitats. 

In Group B (common reed- F. arundinacea), it was found that the distribution was also 

negatively associated with the distance from the river. The suitable moisture environment 

was leading to high coverage of common reed (Packer et al., 2017). In addition, it was 

shown that the distribution of the Group B community was positively related to the 

proportion of impervious surface. A large proportion of impervious surface implies a link 

to modern management of the rivers for flood control and recreational land use (Washitani, 

2001), indicating that this group was at high risk because they would be affected by 

anthropogenic disturbance (White and Greer, 2006). The various construction works and 

frequent human disturbance thought to be the major factors facilitating the invasion of 

alien grasses such as F. arundinaceae (Washitani, 2001). The riparian areas along the 

Shonai River, where the presence of Group B communities was always fragmented by 

construction measures and combined with other land-use types (e.g., residential areas, 
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footpaths, farmlands, golf courses, and parking lots). Consequently, in these areas, 

common reed was no longer the dominant species. Instead, the alien species in Japan, 

F. arundinacea (Miyawaki and Washitani, 2004), became another dominant species with 

a high coverage. 

 
Table 7. Characteristics of environmental factors in the six classified common reed 

communities. Values represent means ± SE 

 GROUP A GROUP B GROUP C GROUP D GROUP E GROUP F 

Distribution feature 

 
Near the river 

Far from road 
Near the city Near farmland 

Near road 

Far from river 
Near farmland 

No obvious 

features 

Potential disturbance 

 
Hydrology and 

sediment 

Human 

disturbance 

Agriculture 

management 

Human 

disturbance 

Agriculture 

management 
--- 

Environmental factor 

pH 5.50 ± 0.18 6.12 ± 0.04 6.05 ± 0.21 6.16 ± 0.21 6.14 ± 0.13 5.68 ± 0.27 

EC (µS/cm) 45.52 ± 12.84 46.22 ± 18.87 51.51 ± 15.34 96.70 ± 27.05 90.36 ± 15.25 86.99 ± 17.95 

SWC (g/g) 0.26 ± 0.04 0.19 ± 0.02 0.21 ± 0.02 0.18 ± 0.01 0.19 ± 0.01 0.25 ± 0.03 

DRO(m) 96.86 ± 32.79 25.21 ± 5.83 4.56 ± 0.88 15.30 ± 2.95 111.29 ± 39.48 28.40 ± 15.73 

DRI(m) 26.13 ± 6.95 11.65 ± 3.30 57.28 ± 30.44 36.25 ±10.34 50.29 ± 11.33 50.95 ± 15.31 

IMP (%) 3.9 ± 1.47 25.7 ± 7.15 8.1 ± 4.26 17.4 ±6.44 6.9 ± 4.48 13.6 ± 8.72 

FIELD (%) 0 0 31.2 ± 14.11 4.9 ± 2.85 19.7 ± 8.29 8.3 ± 5.28 

ALT (m) 31.25 ± 5.63 41.87 ± 11.58 37.12 ± 12.62 26.81 ±9.37 40.22 ± 21.08 40.15 ± 14.78 

EC, electrical conductivity; SWC, soil water content; DRO, distance from the road; DRI, distance from 

the river; IMP, the proportion of impervious surface; FIELD, the proportion of farmland; ALT, altitude 

 

 

The distribution of Group C (common reed – M. sacchariflorus) and Group E 

(M. sacchariflorus) communities were mainly positively associated with the proportion 

of farmland, suggesting that most of them were located in the rural area along the middle 

part of the Shonai River. Most of these areas were dominated by M. sacchariflorus, which 

was found along the farmland sides or in agricultural wasteland. Interspecies competition 

might be a possible explanation for the non-dominant of common reed in Groups C, and 

E. Common reed and M. sacchariflorus are both hydrophilic plants, and it is widely 

known that they have similar environmental requirements, but M. sacchariflorus has a 

broader range of adaptation (Yamasaki and Tange, 1981; Yamasaki, 1990). When 

common reed and M. sacchariflorus coexist, common reed may not be vigorous enough 

to occupy the dominant position. Besides, in previous studies, the soil nutrient and organic 

matter content in the areas surrounded by farmland was often diversified due to 

agricultural management (Loveland and Webb, 2003; Santos et al., 2012); the soil with a 

wide variation on soil nutrient and organic matter content might facilitate the colonization 

of M. sacchariflorus, which affect the growth of common reed. 

The distribution of Group D (M. sacchariflorus- S. altissima) communities was 

positively correlated with the distance from the river. Besides, most of the communities 

in Group D were also found to be negatively related to the distance from the road, 

suggesting that the communities of Group D were under the stresses of human disturbance 

and a relative drought environment. As M. sacchariflorus and S. altissima are two species 

with impressive adaptability to a range of different environmental conditions, they 

became the dominant species in the areas where there were multiple disturbances (Song 
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et al., 2016; Szymura and Szymura, 2016). Since it relies on a moist and stable 

environment to grow, common reed was found to be sparsely distributed in these 

communities with low coverage. 

Although the communities in Group F (common reed - S. altissima) did not 

demonstrate an obvious distribution pattern, a positive correlation was shown between its 

vegetation cover extent and the distance from the river in most of these communities, 

indicating that these plant communities became established in areas far away from the 

alluvial plain of the river. 

Factors determining the colonization of common reed 

The variation in the coverage, density, and biomass of common reed was a result of 

the interaction between the environmental factors and vegetation. In the current study, we 

found the soil electrical conductivity and soil water content significantly affected the 

colonization of common reed. Our results are consistent with those of previous studies 

concluded that soil moisture and soil properties are major factors that influence the 

characteristics of vegetation (Oztas et al., 2003; Ursino, 2005). Besides, the surrounding 

land-use type and the human impact also have a remarkable influence on the colonization 

of common reed in our research. 

As a conventional standard for determining soil salinity, electrical conductivity was 

negatively correlated with the coverage, density, and biomass of common reed, 

suggesting that an increase in soil electrical conductivity can inhibit the growth of 

common reed. Previous studies have demonstrated that electrical conductivity is 

negatively correlated with the growth of common reed (Lissner and Schierup, 1997; 

Haraguchi, 2014). Although common reed was well known as a salt tolerance species, 

with the increase of soil electrical conductivity, density and biomass of common reed 

were decreased to adapt to the damage of stress. Especially in Groups D and E, where the 

plant communities were located near to the roads or with a high proportion of farmland, 

the electrical conductivity of the soil was relatively high among the six groups (Table 7) 

that may affected by agricultural irrigation methods or intensive human disturbance, 

leading to a low coverage value of common reed(Wu et al., 2008). 

Soil moisture has always been an important factor affecting the growth of common 

reed in riparian areas (Engloner, 2004). In our study, the soil water content and distance 

from the river were adopted to measure the effect of soil moisture on the growth of 

common reed. Consistent with the literature, this research found soil moisture positively 

related to the colonization of common reed. Due to the short distance from the river and 

the favorable water holding capacity of the soil in Group 1, the value of the soil water 

content was the highest in Group 1 (Table 7) compared to that in all the other groups, 

resulting in a relatively higher coverage, density, and biomass of common reed with large 

individuals in this group (Figure 5). Although locations close to the river may be subject 

to flood pressure, all of our sampling sites are located at least 5 meters from the river and 

are therefore relatively less affected by flooding. 

The proportion of impervious surface was negatively associated with the coverage, 

density, and biomass of common reed. This result indicated that the colonization of 

common reed is negatively affected by anthropogenic pressure. A significant increase in 

impervious surfaces may degrade aquatic and terrestrial habitats by aggregating human 

activities and increasing surface runoff (White and Greer, 2006). Besides, the impervious 

surfaces tremendously influenced the soil ecosystem by impeding the exchange of water 

and materials between soil and the atmosphere (Hu et al., 2018). Thus, the inhibition of 
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the growth and colonization of common reed might be attributed to the increased 

impervious surface, and human disturbance enhanced the propagation and growth of wide 

adaptable and invasive species. Groups B and D, which surrounded by the large 

proportion of impervious surface, was dominated by invasive species S. altissima, 

F. arundinacea, and accompanied by various ubiquitous species. Also, the inhibition of 

the growth and colonization of common reed may be the habitat fragmentation associated 

with the construction of the impervious surface. Fragmentation of habitats destroys 

essential mechanisms such as dispersion and facilitation, which results in a reduction in 

the colonization of common reed (de Frutos et al., 2015). 

In addition to the anthropogenic disturbance in general, roads, in particular, are 

important determinants of the plant community characteristics and floristic composition 

of plants (Root-Bernstein and Svenning, 2018). In our study, it was discovered that the 

distance from the roads positively affected the coverage and biomass of common reed, 

indicating that the communities located near the roads are easily influenced by 

anthropogenic disturbance. The natural riparian habitats could be changed by road, which 

might result in the alternation of the external environment for the colonization and growth 

of plants. Previous studies reported that heavy metals accumulation and soil nutrient 

alternation along the roadside, which might affect the vegetation adjacent to road 

indirectly (Pagotto et al., 2001; Truscott et al., 2005). Besides, the road can be corridors 

for the spread and propagation of alien species (Lázaro-Lobo and Ervin, 2019). The 

previous studies reported that the high species richness of alien species was observed 

adjacent to the road verge (Zeng et al., 2011). As such, in Group D, the short distance to 

the road enabled non-native species, such as E. philadelphicus and L. multiflorum, to 

survive. 

Conclusion 

Our study confirmed the importance of moisture and soil properties for the growth and 

colonization of common reed, which had been reported in previous studies. Meanwhile, 

we found the anthropogenic factors had significant effects of reduced the population and 

biomass of common reed. Our findings highlight the effects of land cover types and local 

environmental conditions on the population variation of riparian plant species. Thus, in 

riparian areas, management measures, such as restricting construction of public land in 

riverside, and establishing protective zones for common reed is recommended in future 

ecological restoration in urban areas. High electrical conductivity value also strongly 

influenced the colonization of common reed. Thus controlling urban runoff by 

strengthening supervision and rationally planning urban and river junction zones were 

suggested in this regard. 

However, only 40 sampling plots were selected to determine the characteristics of 

common reed in this study. This is the deficiency of the sampling design in the current 

study. Thus, more sampling sites and replicates will be adopted in future work to explore 

more information about the response of common reed in the urban ecosystem. In addition, 

there exist many other environmental factors influencing the population of common reed, 

such as flooding frequency, chemical and physical water characteristics. These factors, 

as potential co-variates, might affect the variation of common reed in the urban ecosystem. 

In the future, more factors should be investigated to disentangle the effect of 

anthropogenic disturbance from hydrological conditions on the colonization of riparian 

plant species. 
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