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Invasive alien plants have encroached and outcolonized many native species in almost all Japanese 
river floodplains in recent years. Sicyos angulatus is one of the most notorious invasive lianas. To 
monitor the impact of S. angulatus and its association with other species, S. angulatus colonies were 
explored by volunteer bio-monitors in the Tama River floodplain from 2006 to 2009. The data were 
analyzed to determine the relationship among the composition of S. angulatus colonies and the 
flooding regime of the Tama River using detrended correspondence analysis (DCA). The results 
revealed that Miscanthus sacchariflorus was the most frequent (60.4%) understory herbaceous species 
found in association with S. angulatus colonies. The DCA coordination triplot gave that the association 
of S. angulatus changed after a major flood and its understory layer was replaced by Lolium X hybirdum, 
Phalaris arundinacea and Bromus catharticus. M. sacchariflorus was almost absent in the understory 
group, and the soil depth of quadrats became deeper than it was in the pre-flood condition. We 
concluded that S. angulatus were strongly invading M. sacchariflorus, and that influence in 
combination with both the invasion of S. angulatus and the disturbance from flooding caused M. 
sacchariflorus colonies to change to pasture. 
 
Key words: Flood disturbance, Sicyos angulatus, species association, Tama River, riparian, volunteer 
bio-monitoring. 

 
 
INTRODUCTION 
 
Under natural conditions, large disturbances occur due to 
flooding (Brunet and Astin, 2000), which shapes the 
vegetation structure of a floodplain (Müller, 1995). In the 
last few decades, due to dam and weir construction 
followed by alteration of flooding regimes and associated 
disturbances, the ecosystems of Japanese rivers have 
been severely changed. Rapid urbanization and 
industrialization also have contributed to the 
disintegration of natural riparian ecosystems by inflowing 
heavy nutrient loads to the streams and floodplains. As a 
result, many invasive plants replaced and outcolonized 
(Miyawaki and Washitani, 2004). Due to their close 
proximity to  river  environments,  Japanese  citizens  and  
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native species. Invasions  of  exotic  plant  species  have 
been reported for the floodplains of every river in Japan 
local residents have been continuously monitoring the 
change, and they have taken the issue seriously. 

Since the construction of Ogochi Dam on the Tama 
River in 1957, the vegetation composition of the 
downstream floodplain has changed (Asaeda et al., 2011). 
The floodplain on the Tama River has been invaded by 
alien invasive plants, and as a result many pioneering 
native species have disappeared (Asaeda et al., 2011). 
The local residents who have been monitoring the 
environment of the Tama River have reported that an 
invasive vine, Sicyos angulatus, has invaded and 
outcolonized emergent plant communities, such as 
Phragmites  australis   and  Miscanthus  sacchariflorus  in 
recent years (personal communication, Citizen’s Groups 
in Tama River). Now, S. angulatus poses a serious threat to the 
riparian ecosystem (Shimizu, 1999; Asaeda et al., 2011). 
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For a successful control or eradication program for an 
invasive alien plant species, its biology, physiology, land 
use, habitat characteristics, response to a particular set of 
physico-chemical environments, and association of the 
species with other plants have to be well known (Zamora 
et al., 1989; Lundgren et al., 2004). In other countries, S. 
angulatus has been reported in association with field 
crops (Hulina, 1996; Larché, 2004), and methods of 
eradicating it from arable land have been proposed 
(Messersmith et al., 1999; Smeda and Weller, 2001). In 
Japan, it has been reported that artificial weeding of S. 
angulatus colonies from urban or riparian ecosystems 
raises the possibility that luxuriance of other alien plants 
might be induced (Washitani, 2003; Hashimoto, 2010). 
Hashimoto (2010) reported that S. angulatus colonies 
shifted to other plant communities (for example, Humulus 
japonicus community, Lycium chinense community, 
Fallopia japonica community, Brassica juncea community, 
Lolium multiflorum community, etc) as secondary 
succession shortly after artificial weeding of S. angulatus 
in a flood plain in the Kinki region of Japan. Flooding can 
also usher in change in floristic composition in riparian 
ecosystems by washing away colonies, thus changing 
habitat characteristics (Beumer et al., 2008; Ishida et al., 
2008; Yagisawa and Tanaka, 2010). Oishi and Amano 
(2006) showed with numerical analysis that the colonies 
of S. angulatus can be expanded after a major flood due 
to dispersal of seed. Therefore, effects of flooding on 
species association of invasive plants also warrant due 
investigation for a successful control program. 

With the aforementioned considerations, we designed 
and implemented a volunteer bio-monitoring program for 
S. angulatus. The monitoring was done and data were 
recorded by citizens concerned with the Tama River 
environment. The aim of the study was to investigate 
species association of S. angulatus and the shift of 
association induced by a major flood. 

 
 
MATERIALS AND METHODS 

 
Sicyos angulatus 

 
S. angulatus is an annual liana and believed to be native to the 
northeastern United States (Mann et al., 1981). It is an invasive 
species that is becoming a serious threat to floristic composition in 
Europe, the Mediterranean Basin, Asia, and Central America 
(EPPO, 2010). S. angulatus has been designated as an Invasive 
Alien Species (ISA) by the Invasive Alien Species Act since 2006 by  
the Ministry of the Environment Government of Japan (EPPO, 
2010). In Japan, S. angulatus was first sighted in 1952, and 
afterwards it gradually expanded across the country (NIAES, 2000). 
In the Tama River floodplain, it was first seen in 1977 (Okuda et al., 
1979). In recent years, it has been reported that this species is 
outcolonizing the pioneering plant species grown on the floodplains 
of many Japanese rivers (Muranaka et al., 2005; Kurokawa et al., 
2009; Asaeda et al., 2011). S. angulatus propagates though seeds 
that germinate sporadically throughout the growing season 

(Pheloung et al., 1999). In the Kanto area of Japan, its seeds 
germinate around the end of April and beginning of May, flower  and 
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mature in August, and live until the first frost of the year at end of 
September (Takeuchi et al., 1979). S. angulatus grows well in 
moisture- and nutrient-rich fine sediments (Asaeda et al., 2011). 
 
 
Study area 

 
The study was conducted in the floodplain of the Tama River and its 
tributary the Asa River (Figure 1). Survey areas extended from the 
mouth of the Tama River (0.0 km) to Mannen bridge (61.8 km), 
located in the Ohome City, Tokyo, and also included 13.2 km of the 
Asa river, starting from the river junction (37.1 km from the river 
mouth to the Tama River). The total length of the study area was 

75.0 km. 
The Tama River Basin is located in the Kanto region, which is in 

the middle of the Pacific Ocean side of Honshu Island. The Tama 
River originates from the Mt. Kasatori of Yamanashi Prefecture at 
an altitude of 1,953 m and falls into Tokyo Bay after passing through 
metropolitan Tokyo and Kanagawa Prefecture. The length of the 
mainstream is 138 km and the area of the basin is 1,240 km

2
. The 

average gradient of the mainstream is approximately 1/500. Since 
the construction of Ogochi Dam in 1957, the vegetation composition 

of the downstream floodplain has changed (Asaeda et al., 2011). 
Fluctuation of the water level from 2005 to 2009 was recorded at 

the Ishiwara monitoring Station (IMS), which is a representative 
monitoring station for water levels, and discharge in Tama River is 
shown in Figure 2. Major floods that exceeded the level of the flood 
plain marked at the Ishihara Monitoring Station occurred twice 
between 2005 and 2009 in the Tama River. The water level on 7 
September, 2007at the station was recorded 32.29 m (T. P.: Tokyo 
Peil), caused by the typhoon No.9, and on 29 August 2008 at the 

same station the water level was 31.93 m (T. P.) during a flood 
caused by heavy rainfall (MLIT, 2008). 
 
 
Methodology of the volunteer monitoring 

 
The monitoring was carried out by volunteer participation of local 
residents. Each year the surveillance was conducted from the onset 

of flowering of S. angulatus until the first frost of that year. 
Specifically, the monitoring periods were 7 October to 17 November 
in 2006, 6 October to 16 December in 2007, 1 November to 10 
December in 2008, and 1 November to 10 December in 2009. In 
total, we took 364 samples during those four years.  

The study area was segmented into 28 blocks on the basis of 
administrative borders, and citizen groups for monitoring were 
commissioned accordingly (Figure 1). Each group was given a 
manual, a respective block map created from the river map, and an 

illustrated field book for plant species identification. To ensure 
maximum participation in the process, we made an arrangement 
that any citizen could enroll in the monitoring on a given date. The 
survey concerned neither an elucidation of detailed and scientific  
information, like growth characteristics of plants, nor an analysis 
that required scientific knowledge and lab facilities, such as soil 
texture, moisture, nutrient content, etc. 

The procedure of the monitoring was as follows: (i) The volunteer 
sought a large colony of S. angulatus by walking around the study 
block, and once a colony was located, the volunteer determined a 
5.0 m × 5.0 m quadrat of the colony. (ii) The exact location of each 
quadrat was determined with portable GPS (Garmin PokeNabi; 
Garmin International, Inc.). Later on, all data were retrieved in a 
computer-based GIS program (Arc View ver. 9.3; Esri Co., Ltd.) in 
the lab. (iii) The volunteer group estimated the mean soil depth of 
the quadrat. The mean soil depth of S. angulatus colony was 
calculated by averaging depths of the quadrat at three random 

points. Soil depth was measured with a soil sampling auger (L = 
100 cm). (iv) The presence/absence of other plant species in  the  S. 
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Figure 1. Location of study area in the Tama River, Japan. 

 
 
 
angulatus colony was checked. (v) Frequency of each plant species 
was calculated by: 
 
Fi (%) = {ni / N}*100  
 
where i = any given species, Fi=Frequency of i, ni = number of 
quadrats where i was found, and N = total number of quadrats 
sampled in a year. 

All other plant species in the colony were grouped into three 
morphological groups viz. liana, understory herbaceous plants, and 
woody plants. Six species from each group were taken as target 
species and their presence/absence was recorded in each quadrat 
by the participants. In addition, the participants recorded arbitrarily 
other plants in each group as much as they were able to identify 
them. For grouping and identifying plants, their morphologies were 
matched with an illustrated field guide and documents of our 
preliminary survey. In the first year of monitoring, residents of the 
grassroots groups who participated in the monitoring took samples 
under the guidance of NPO staff members or researchers who 
could identify target and common plants grown in the riparian area. 
In the second year, the NPO staff evaluated whether the residents 
were able to identify the plant species. If so, those residents 
performed the survey on their own. However, in cases when they 
could not identify plants by themselves, they sought help from 
the staff. 

The lianas group consists of Pueraria lobata, Humulus japonica, 
Cayratia japonica,  Metaplexis  japonica,  Paederia   scandens,  and 

Persicaria perfoliata. The target species in the understory 
herbaceous plants group are M. sacchariflorus, Phragmites 
australis, Ambrosia trifida, Helianthus tuberosus, Solidago altissima, 
Bidens pilosa var. pilosa. The target members of the woody plants 
group are Salix spp., Robinia pseudoacacia, Juglans mandshurica 

var. sieboldiana, Celtis sinensis var. japonica, Ligustrum lucidum, 
Rhus javanica. It was hard for beginners to differentiate H. 

tuberosus from Helianthus strumosus in the field, so these two 

species were brought together as H. tuberosus. For the same 
reason, different species of the Salix family were also hard to 
distinguish. Therefore, all species belonging to the Salix family were 
counted as Salix spp. 
 
 
Ordination of mixed species in S. angulatus colonies and 
fitting environmental factors 

 
The association of S. angulatus colonies as influenced by 
environmental variables, viz. soil depth and frequency of major 
floods of the current and previous year, were determined by 
detrended correspondence analysis (DCA). DCA is the one of the 
ordination methods used to assess the association of biological 
communities with environmental variables, and that analysis is often 
used to evaluate the relationship between species 
presence/absence data and environmental variables (Ter Braak, 

1987; Keith et al., 2009). 
In   the  ordination,  the  species  data  were used  in  the  form of
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Figure 2. Historical water level of the Tama River (2005 to 2009) recorded at the Ishiwara Monitoring Station 

(base monitoring station in Tama River, located 27.5 km form river mouth). The data of water levels was shown 
from January, 2005, to December, 2009, based on the database of Water Information System (MLIT, 2002).  

 
 
 
presence/absence. Soil depth data taken from volunteer monitoring 
were used as a continuous (environmental) variable. Flood 
frequency of the current year and previous years obtained from the 
Ishiwara Monitoring Station of the Tama River were used as flood 
frequency data.  
 
 
Statistical analyses 

 
All statistical analyses were performed using R v.2.12.1 (R 
Development Core Team, 2010). For analyzing of soil depth, the 

normality of the soil depth distribution was determined by the 
Shapiro-Wilks test. The statistical difference among soil depths 
during the four years was determined by the Kruskal-Wallis rank 
sum test. Tests were performed at 95% confidence level. DCA 
analysis was performed using R aided with vegan package v.1.17-6 
(Oksanen et al., 2011). The significance of each environmental 
variable was determined by a goodness-of-fit statistic (squared 
correlation coefficient, r

2
) using 1,000 permutations.  

 
 

RESULTS 
 

Mixed plants in S. angulatus colonies  
 
Target and other plant species recorded in S. angulatus 
colonies were shown in Table 1. In the liana group, the 
species that occurred most  frequently  with  S. angulatus 
for four years were H. japonica (n = 177; 48.6%), followed 

by C. japonica (n = 165; 45.3%), and P. lobata (n = 148; 
40.7%). The frequencies of dominant lianas associated 
with S. angulatus in each year were almost similar in 
each of the four years. However, though the frequency of 
M. japonica and P. scandens was ~10% in 2006, it 
abruptly decreased to ~ 6% in 2007. 

In the understory herbaceous plants group, the highest 
frequency species for all four years were M. 
sacchariflorus (n = 220; 60.4%) followed by A. trifida (n = 
216; 59.3%), S. altissima (n = 142; 39.0%), H. tuberosus 
(n = 132; 36.3%) and P. australis (n = 57; 15.7%) (Table 
1). The tendency of dominant species in the understory 
herbaceous plants group remained almost unchanged 
over the sampling years. Only a few Lolium X hybirdum 
(n = 32; 8.8%), Phalaris arundinacea (n = 27; 7.4%), and 
Bromus catharticus (n = 15; 4.1%) occurred or did not 
appear in 2006 and 2007 at all. However, they appeared 
in the later two years. In particular, L. X hybirdum in 2008 
(n = 25; 31.3%) had a comparatively higher frequency. 

In addition, in the S. angulatus colonies with M. 
sacchariflorus in the four years monitoring, the 
frequencies of P. arundinacea, L. X hybirdum and B. 
cathariticus were 6.8% (n = 15/220), 10.0% (n = 22/220) 
and 2.7% (n = 6/220), respectively. In quadrates where P. 
australis grew, frequencies of P. arundinacea, L. X hybirdum 
and B. cathariticus were 3.5% (n = 2/57), 5.3% (n = 3/57)
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Table 1. Frequency distribution of recorded plants in S. angulatus colonies. 

 

Species Label 

2006 

N = 124 
 

2007 

N = 84 
 

2008 

N = 80 
 

2009 

N = 76 
 

Total 

N = 364 

n %  n %  n %  n %  n % 

Lianas group                

Sicyos angulatus *** Sic.ang 124 100.0  84 100.0  80 100.0  76 100.0  364 100.0 

Pueraria labata * Pue.lab 52 41.9  27 32.1  30 37.5  39 51.3  148 40.7 

Humulus japonica * Hum.jap 58 46.8  38 45.2  48 60.0  33 43.4  177 48.6 

Cayratia japonica * Cay.jap 68 54.8  31 36.9  32 40.0  34 44.7  165 45.3 

Metaplexis japnoica * Met.jap 11 8.9  1 1.2  3 3.8  3 3.9  18 4.9 

Paederia scandens * Pae.sca 15 12.1  5 6.0  0 0.0  3 3.9  23 6.3 

Persicarisa perfoliata * Per.per 5 4.0  0 0.0  0 0.0  0 0.0  5 1.4 

Glycine max subsp.soja Gly.max 7 5.6  1 1.2  2 2.5  2 2.6  12 3.3 

Galium spurium var. echoinospermon Gal.spu 3 2.4  0 0.0  1 1.3  1 1.3  5 1.4 

Calystegia japonica Cal.jap 1 0.8  0 0.0  0 0.0  1 1.3  2 0.5 

Amphicarpaea  edgeworthii var. trisperma Amp.edg 0 0.0  1 1.2  1 1.3  0 0.0  2 0.5 

Other lianas Oth.lia 4 3.2  1 1.2  1 1.3  5 6.6  11 3.0 

Not lianas Not.lia 17 13.7  23 27.4  11 13.8  11 14.5  62 17.0 

                

Understory herbaceous plant group 

Miscanthus sacchariflorus * Mis.sac 84 67.7  39 46.4  46 57.5  51 67.1  220 60.4 

Phragmites australis * Phr.aus 27 21.8  16 19.0  7 8.8  7 9.2  57 15.7 

Phragmites japonica Phr.jap 2 1.6  4 4.8  1 1.3  2 2.6  9 2.5 

Miscanthus sinensis Mis.sin 0 0.0  0 0.0  1 1.3  2 2.6  3 0.8 

Ambrosia trifida *** Amb.tri 79 63.7  44 52.4  50 62.5  43 56.6  216 59.3 

Helianthus tuberosus *** Hel.tub 45 36.3  35 41.7  25 31.3  27 35.5  132 36.3 

Solidago altissima *** Sol.alt 55 44.4  44 52.4  21 26.3  22 28.9  142 39.0 

Bidens pilosa var.pilosa *** Bid.pil 6 4.8  15 17.9  13 16.3  11 14.5  45 12.4 

Bidens frondosa  ** Bid.fro 23 18.5  1 1.2  3 3.8  0 0.0  27 7.4 

Artemisia princeps Art.pri 5 4.0  7 8.3  6 7.5  7 9.2  25 6.9 

Reynoutria japonica  Rey.jap 3 2.4  2 2.4  7 8.8  3 3.9  15 4.1 

Rumex japonicas Rum.jap 7 5.6  0 0.0  10 12.5  12 15.8  29 8.0 

Rumex crispus  Rum.cri 2 1.6  0 0.0  0 0.0  0 0.0  2 0.5 

Rumex conglomeratus ** Rum.con 0 0.0  0 0.0  1 1.3  0 0.0  1 0.3 

Sorghum halepense var.propinquum ** Sor.hal 6 4.8  0 0.0  6 7.5  6 7.9  18 4.9 

Phalaris arundinacea ** Pha.aru 0 0.0  1 1.2  16 20.0  10 13.2  27 7.4 
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Table 1. Continued. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lolium X hybridum ** Lol.xhy 0 0.0  0 0.0  25 31.3  7 9.2  32 8.8 

Bromus catharticus ** Bro.cat 0 0.0  0 0.0  5 6.3  10 13.2  15 4.1 

Boehmeria nipononivea Boe.nip 0 0.0  0 0.0  2 2.5  4 5.3  6 1.6 

Lespedeza cuneata Les.cun 2 1.6  0 0.0  1 1.3  1 1.3  4 1.1 

Other understory herbaceous plants Oth.und 13 10.5  9 10.7  9 11.3  18 23.7  49 13.5 

Nothing Understory herbaceous plants Not.und 4 3.2  5 6.0  5 6.3  4 5.3  18 4.9 

                

Woody group  

Salix spp.* Sal.spp 8 6.5  1 1.2  2 2.5  0 0.0  11 3.0 

Robinia pseudoacacia *** Rob.pse 10 8.1  5 6.0  4 5.0  3 3.9  22 6.0 

Juglans mandshurica ssp.sieboldiana * Jug.man 18 14.6  9 10.7  7 8.8  8 10.5  42 11.5 

Celtis sinensis var.japonica * Cel.sin 8 6.5  2 2.4  1 1.3  0 0.0  11 3.0 

Ligustrum lucidum *** Lig.luc 7 5.7  1 1.2  1 1.3  0 0.0  9 2.5 

Rhus javanica * Rhu.jav 2 1.6  2 2.4  1 1.3  0 0.0  5 1.4 

Rosa luciae Ros.luc 2 1.6  0 0.0  5 6.3  2 2.6  9 2.5 

Rosa multiflora Ros.mul 7 5.7  3 3.6  3 3.8  3 3.9  16 4.4 

Morus australis Mor.aus 7 5.7  2 2.4  4 5.0  2 2.6  15 4.1 

Lycium chinense ** Lyc.chi 23 18.7  10 11.9  9 11.3  14 18.4  56 15.4 

Pleioblastus chino  Ple.chi 1 0.8  1 1.2  1 1.3  0 0.0  3 0.8 

Pleioblastus spp. Ple.spp 2 1.6  1 1.2  1 1.3  2 2.6  6 1.6 

Other woody plants Oth.woo 3 2.4  3 3.6  0 0.0  0 0.0  6 1.6 

Nothing woody plants Not.woo 63 51.2  55 65.5  49 61.3  47 61.8  214 58.8 
 

The * mark signifies that the species was listed in a field note. And the ** mark signifies that the species is an alien one.  
 
 

 

and 3.5% (n = 2/57), respectively.  
In the woody plants group, the one that 

appeared most frequently in the S. angulatus 
colony in all four years was L. chinense (n = 56; 
15.4%) (Table 1).  

It was followed by J. mandshurica 
ssp.sieboldiana (n = 42; 11.5%), and Robinia 
pseudoacacia (n = 22; 6.0%). L. chinense, which 
is a shrub, was observed to grow in a lot of small 
colonies in combination with S. angulatus. The 
order   of  occurrence  of  dominant  woody  plants  

was similar in all sampling years. 
 
 
Soil depth in S. angulatus colonies 
 
The study found that S. angulatus grows in soil 
with a wide range of depth. The average soil 
depth was 44.9 ± 26.98 cm (t test, P = 0.9748). 
The soil depth profile did not distribute normally 
(Shapiro-Wilk normality test, P = 0.0003). The box-
and-whisker plot presented the annual distribution 

of soil depth (Figure 3). The mean values were 
45.9 ± 26.62, 42.6 ± 25.33, 40.5 ± 25.71 and 50.4 
± 29.87 cm for 2006 through 2009, respectively. 
The distributions of soil depth for individual 
sampling years were not normal (Shapiro-Wilks 
normality test, P < 0.05). The mean comparison of 
soil depth for four years showed that there was 
nosignificant difference among sampling years 
(Kruskal-Wallis rank sum test, P = 0.1726).  

From the box-and-whisker plot (Figure 3), it can 
be seen that the 1st quartile (Q1) of soil depth 
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Figure 3. Box plots of average soil depth in S. angulatus colonies. 

 
 
 
range in the four years also did not change (that is, 20.0 
cm in 2006; 20.0 cm in 2007; 18.7 cm in 2008; 23.6 cm in 
2009). However, the 3rd quartile (Q3) of the range in 
2009 increased more than those did in 2006 to 2008 (that 
is, 64.7 cm in 2006; 62.3 cm in 2007; 58.0 cm in 2008; 
77.4 cm in 2009). 
 
 
Ordination of S. angulatus colonies with 
combination by DCA 
 
Eigenvalues of the first four DCA axes were 0.2274, 
0.2327, 0.1959 and 0.2035, and gradient lengths were 
3.0840, 2.8231, 2.8932 and 2.8377, respectively. 
Ordination for the association of S. angulatus colonies 
was determined using first two axes. Ordination of 
species scores with overlaid arrow vectors, which were 
soil depth and flood frequency of the previous year as 
environmental variables in DCA, is shown in Figure 4a, 
and those of site scores with contour lines of average soil 

depth are shown in Figure 4b. Statistics of goodness-of-fit 
are shown in Table 2.  

S. angulatus was plotted nearly at the origin of the 
diagram, and plant species associated with S. angulatus 
colonies were plotted radially around the center, as S. 
angulatus. M. sacchariflorus or P. australis were plotted 
very close to S. angulatus in Figure 4a. Tall invasive 
herbaceous plants (that is, A. trifida, H. tuberosus) and C. 
japonica, were also arranged closely to S. angulatus. This 
indicates that when M. sacchariflorus and P. australis 
grew in S. angulatus colonies, tall invasive herbaceous 
plants and C. japonica also often grew in S. angulatus 
colonies. For vectors of environmental variables, soil 
depth vector (r

2 
= 0.059, P < 0.001) and last-year flood 

vector (r
2 
= 0.115, P < 0.001) were significantly correlated; 

however, the current year flood vector was not 
significantly correlated (r

2 
= 0.015, P < 0.1) (Table 2). 

Average soil depth and previous-year flood vectors 
increased toward the negative end of the first and second 
axes.  
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Figure 4a. Ordination diagram of species score in S. angulatus colonies by DCA. Labels of species in the 
diagram are indicated in Table 1. The biplot shows that study plots and significantly (P < 0.05) correlated 
environmental variables were indicated by arrows, which were average of soil depth and flood of the previous 
year, along the first two axes. Spatial variables were omitted to avoid confusion. Test of goodness-of-fit of all 
environmental variables were presented in Table 3. 

 

 
 

Graminaceous species such as L. X hybirdum, P. 
arundinacea and B. catharticus were found at the 
negative end of the first and second axes being positively 
correlated with floods in both the current and previous 
year and soil average vectors. Understory herbaceous 
plant species associated with S. angulatus colonies, 
therefore, shifted to graminaceous species due to flood 
disturbance in the previous year. The soil depth had a 
tendency to be deeper than origin of the diagram (Figure 
4b). 

In the species score plot of DCA (Figure 4a), if the 
distance between coordinates of two species is short, the 
species will grow together. It was determined that two 
species that grow at the same time together are few. M. 
sacchariflorus was positioned near the origin point. P. 
arundinacea, L. X hybirdum and B. cathariticus were 
positioned in the third quadrant constellation,  away  from  

the origin. 
 
 
DISCUSSION 
 
Association among S. angulatus and M. 
sacchariflorus and other plants 
 
In the monitoring results, it was found that in all sampling 
years, M. sacchariflorus was the most frequently 
appearing species in S. angulatus colonies (Table 1). 
Coordinate values of S. angulatus and M. sacchariflorus 
on DCA ordination were located on the origin 
concatenates. Furthermore, the distance between these 
two species was small on the plane of coordinates by 
DCA  (Figure  4a).  The  result  of  this  study,  therefore, 
provides  evidence  for  the   citizens’   concern   that   the 
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Figure 4b. Ordination diagram of sites scores in S. angulatus colonies by DCA. The biplot shows that study plot 
and contour lines of soil average (P < 0.05) correlated environmental variables along the first two axes. Test of 
goodness-of-fit of all environmental variables was presented in Table 3. 

 
 
 
expansion of the S. angulatus colony had caused the 
extermination of M. sacchariflorus colonies.  

In addition, S. angulatus was evidently associated with 
other plants, such as P. lobata, H. japonica, P. australis 
and C. japonica (Table 1, Figure 4a). Among alien plants 
A. trifida, S. altissima and H. tuberosus were frequently 
associated with S. angulatus (Table 1, Figure 4a). 

Okuda et al. (1995) reported that S. angulatus in the 
Tama River floodplain often forms a pure community 
(mono-stand) with almost no mixture with other plants. In 
fewer cases, however, other plants such as P. lobata, H. 
japonica, C. japonica, M. sacchariflorus and P. australis 
have been found to grow together with S. angulatus. 
Other invasive plants, viz. A. trifida, S. altissima, etc., 
sometimes grow in S. angulatus communities. Okuda et 
al. (1995) also reported that S. angulatus communities 
grew in eutrophic soil around the convergence point of 
tributaries of Tama River.  

The result of our study does not agree with Okuda’s 
report. In many quadrates in our observation both S. 
angulatus and other plants were frequently found together. 
Many ecologists reported that invasive plants such as S. 
angulatus, A. trifida, S. altissima and H. tuberosus have 
large adverse impacts on M. sacchariflorus and P. 
australis in riparian areas (Kim and Kim, 2009). Asaeda et 
al. (2011) reported that when P. lobata invades the coarse 
and infertile floodplain of the Tama River, the soil 
becomes fertile, and subsequently S. angulatus invades 
that area and competes with the former. H. japonica, and 
though it suppresses M. sacchariflorus and P. australis 
with its dense canopy, it enhances decomposition of the 
underlying plant biomass and helps efficient nutrient 
cycling in its stands (Kim and Kim, 2009).  

Residents who participated in the monitoring mentioned 
that S. angulatus colonies had expanded widely in the 
Tama      River      floodplain      since     2000    (Personal 
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Table 2. Summary of ordination of S. angulatus colonies by DCA. 
 

Variable DCA 1 DCA 2 r
2 

Pr (>r) 

Mean average of soil depth -0.59 -0.81 0.059 0.001 *** 

Flood of current year 0.36 -0.93 0.015 0.104 . 

Flood of previous year -0.71 -0.70 0.115 0.001 *** 
 

Significant codes: 0 '***'   0.001 '**'   0.01 '*'   0.05 '.'   0.1  ' '   1; P-values were based on 1,000 permutations. 
 
 
 
communication from the grassroots civic group in Tama 
River). In approximately 15 years since the report of 
Okuda et al. (1995), S. angulatus colonies have 
expanded widely in the Tama River in combination with 
other plants. We assumed that the flood plain of the Tama 
River provides a competitive ground for S. angulatus and 
other plants. From this perspective, it is possible to 
account for the difference between the results of our 
study and Okuda’s description. 

Therefore, it appears that all plants in this study, with a 
high frequency of appearance in S. angulatus colonies, 
exert an influence on emergent plant communities. It is 
also explainable that S. angulatus and other alien plants 
associated with native lianas, P. lobata and H. japonica 
influence native emergent plants strongly in riparian 
areas of the Tama River.  
 
 
Flood disturbance affects association 
 
In our study area, colonies were affected by 2007 and 
2008 floods (Figure 2). Frequencies of graminaceous 
plants (e.g. L. X hybirdum, P. arundinacea and B. 
catharticus) in S. angulatus colonies were increased in 
2008 and 2009 (Table 1). The mean soil depth in S. 
angulatus colonies for the four years is 50.4 ± 29.87 cm 
with a wider range of from 2.0 to 100.0 cm, and the 
characteristic soil depth of colonies did not change over 
the four years of the study in riparian areas of the Tama 
River (Figure 3). S. angulatus colonies are prone to be 
associated with graminaceous plants. In addition, the soil 
depth of graminaceous plants was deeper than that of S. 
angulatus, M. sacchariflorus and P. australis after a flood  
disturbance (Figure 4a and b).  

Floods swept away many established lianas from the 
floodplain, leaving a layer of fine nutrient-rich and moist 
sediment. The flood disturbance thus made room for 
germination and growth of these graminaceous plants. As 
a result, in the years following this study the floristic 
composition of the Tama river floodplain has changed. 

After the flood disturbance, the aboveground parts of 
plants were washed away. This provided open space for 
both graminaceous herbs and other rhizomatous 
perennials to grow. If the rhizomatous emergent plants 
develop their previous belowground organs again, they 
will regrow after the flood water recedes. Otherwise, 
graminaceous plants will colonize.  

Primary succession followed by climax floristic 
composition in a riparian ecosystem is governed by many 
factors, such as flood disturbance, fluvial morphology, 
habitat characteristics, predation, etc. (Beumer et al., 
2008; Ishida et al., 2008). Thus major floods might 
change plant communities and usher in new species to 
dominate. 

Being perennials, the two latter species keep their 
underground vegetative parts alive even in the winter 
season (Björndahl, 1985; Asaeda et al., 2002). If they 
grow well in the next season, they do not leave any room 
for the invasion of S. angulatus. Thus, seemingly, S. 
angulatus cannot colonize on such a large scale. 
 
 
In preparation for conservation of native emergent 
plants in riverine environments 
 
Due to the encroachment of exotic invasive plants in 
Japanese floodplains, many native emergent plants have 
been outcolonized. These native species play important 
roles in the riverine ecosystem. M. sacchariflorus and P. 
australis provide habitats or breeding places for many 
Japanese birds, such as Hirundo rustica (Barn Swallow) 
(Smiddy et al., 2007) and Acrocephalus arundinaceus 
(Great Reed Warbler) (Poulin et al., 2002). Emergent 
plant communities also serve riverine ecosystems 
through other functions like water purification and shore 
protection. They are considered potential agents for 
improvement and conservation of river environments 
(Strayer and Findlay, 2010).  

As a result, many river research studies and projects in 
Japan have been oriented toward restoring the riverine 
ecosystem, either by eliminating invasive species or 
providing a more suitable environment for the native 
plants. 

Hayashi and Numata (1971) concluded that the 
Miscanthus community in Japan is more dependent on 
vegetation than seed for speedy regeneration. Once the 
rhizomes of M. sacchariflorus and P. australis are 
weakened by the invasion of S. angulatus, recolonization 
of these emergent plants will take a lot of time. 

We conclude that for exterminating S. angulatus 
colonies and recolonizing emergent plant communities, 
regular flood disturbances at least once a year are 
needed  before  native  rhizomatous  plants  are 
outcolonized by S. angulatus.  



 

346          Int. J. Biodvers. Conserv. 
 
 
  
Conclusions 

 
In conclusion, we studied the association and soil depth 
of S. angulatus colonies using volunteer bio-monitoring 
on the riverine environment of the Tama River; then, we 
compared the volunteer bio-monitoring data with the flood 
history of the Tama River. Our study revealed that M. 
sacchariflorus, which is one of the major native emergent 
plants in the floodplain of the Tama River, was severely 
outcolonized by S. angulatus. In addition, flood 
disturbances shifted the composition of understory 
herbaceous plants of S. angulatus colonies from native 
emergent plants to graminaceous plants, viz. L. X 
hybirdum, P. arundinacea, and B. catharticus. To 
recolonize emergent plant communities, it is important to 
realize that impacts such as flood disturbances are 
necessary before native rhizomatous plants are killed by 
S. angulatus. 
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