
Introduction of native tree species in
sites invaded by Japanese Knotweed Taxa
and a study of its affect of the seedbank.

Item Type Thesis

Authors Toews, Hans-Peter C.

Download date 23/05/2023 22:07:51

Link to Item http://hdl.handle.net/20.500.12648/246

http://hdl.handle.net/20.500.12648/246


INTRODUCTION OF NATIVE TREE SPECIES IN SITES 
INVADED BY JAPANESE KNOTWEED TAXA AND A STUDY OF 

ITS AFFECT OF THE SEEDBANK 

by 

Hans-Peter C. Toews 

A Thesis Submitted in Partial Fulfillment of the 
Requirements for the Degree of 

Master of Science 
Department of Biology 

At the State University of New York Fredonia 
2012 

Dr. Jonathan H. Titus 
Advisor 

Department of Biology 

Patricia 
Chair 

Department of Biology 

Dr. Kevin P. Kearns 
Dean of Graduate Studies 



 

 
 

  

TABLE OF CONTENTS 

 
Table of Contents  ............................................................................................................ ii 
Abstract ........................................................................................................................... iii 
Introduction  ..................................................................................................................... 1 
      Background ................................................................................................................. 6 
           Taxonomy and nomenclature................................................................................ 6 
           Life history, morphology, and identification ......................................................... 7 
           Native range and habitats ...................................................................................... 8 
           The history of the invasion .................................................................................... 9 
           Introduced range and habitats ............................................................................ 11 
           Invasive characteristics ........................................................................................ 12 
           Reproduction and hybridization .......................................................................... 14 
           Ecological impact .................................................................................................. 15 
           Control and management .................................................................................... 16 
Methods ......................................................................................................................... 19 
     Study site.................................................................................................................... 19 
          Field experiment ................................................................................................... 20 
          Soil seed bank experiment .................................................................................... 21 
Results ............................................................................................................................ 22 
          Sapling height data................................................................................................23           
          Leaf data ................................................................................................................ 23 
          Mortality ................................................................................................................ 24 
          Soil seed bank analysis .......................................................................................... 24 
Discussion .......................................................................................................................25  
Conclusion ...................................................................................................................... 29 
Literature Cited .............................................................................................................. 30 

 
 
 
 
 
 
 
 
 
 
 



 

 
 

ABSTRACT 
 

IINNTTRROODDUUCCTTIIOONN  OOFF  NNAATTIIVVEE  TTRREEEE  SSPPEECCIIEESS  IINN  SSIITTEESS IINNVVAADDEEDD  BBYY  JJAAPPAANNEESSEE  KKNNOOTTWWEEEEDD  TTAAXXAA AND A 
STUDY OF ITS AFFECTS ON THE SEEDBANK 

By Hans-Peter C. Toews 
 

Chairperson of the Supervisory Committee: Professor Jonathan H. Titus 
Department of Biology SUNY Fredonia 

 
The invasion of three closely related taxa of knotweeds: (Japanese knotweed) Polygonum 

cuspidatum, (giant knotweed) Polygonum sachalinensis, and their hybrid Polygonum x 

bohemica in riparian corridors throughout the eastern U.S. has a negative impact on native 

plant communities.  In the study the following research objectives were addressed:  1) To 

determine if forms of mechanical control (cutting and tilling) could be used to allow tree 

saplings to become established in knotweed invaded sites. 2) To compare height and leaf 

number of saplings of four native tree species inside and outside of Japanese knotweed stands. 

3) To compare the soil seed bank density and composition in knotweed invaded versus 

noninvaded sites.  No significant differences were found in the growth or survival among the 

saplings of four native tree species across treatments. Although treatments did not significantly 

affect sapling growth trends showed that saplings in the tilled treatment had the greatest 

growth across treatments over the growing season. A longer running experiment is needed to 

establish any emerging patterns in the data. Significantly greater densities of seedlings were 

observed in non-invaded than invaded sites and significantly greater densities of native 

seedlings were observed in non-invaded than invaded sites. Knotweed invasion does 

significantly affect the seedbank. 
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INTRODUCTION 

The establishment of three closely related taxa of knotweeds which will be referred to 

as “Japanese knotweed” in this study: (Japanese knotweed) Polygonum cuspidatum, (giant 

knotweed) Polygonum sachalinensis, and their hybrid Polygonum x bohemica in riparian 

corridors throughout the eastern U.S. may pose a direct negative impact on important 

ecological processes and on the abundance and diversity of native riparian vegetation.  

Japanese knotweed grows vigorously from rhizome fragments, which form dense, 

monotypic stands that appear to displace native vegetation, and once established are 

extremely difficult to eradicate. Once introduced these taxa spread easily throughout the 

riparian zone as flood waters transport rhizome and stem fragments and deposit them 

downstream. 

Japanese knotweed has been shown to alter riparian environments and communities in 

which it invades and may affect critical ecological processes including stream-bank stability, 

stream morphology (Dawson & Holland 1999) nutrient inputs, aquatic food webs (Urgenson et 

al. 2009), soil structure, ph, nutrient availability (Maurel et al. 2009), richness and abundance of 

native herbs, shrubs, and juvenile trees (Urgenson et al. 2009) and forest and understory 

regeneration (Beerling et al. 1994). The management and control of knotweeds must be a 

priority in order to preserve the biodiversity and ecosystem functionality of our riparian 

habitats.    



 

A riparian zone is the vegetated or forested land bordering streams, rivers, and lakes. It 

is the interface between aquatic and terrestrial ecosystems. Although a small proportion of the 

total landscape in area, riparian zones are critically important. When intact, riparian zones 

supply us with a host of services which have a significant influence on water quality and the 

ecology of aquatic systems.  

Riparian vegetation significantly influences streams and rivers and so any changes to its 

structure and composition may have effects on the organisms and ecological processes within 

the associated aquatic systems (Hood & Naiman 2000).  Riparian zones are particularly 

vulnerable to plant invasions, and most notably within human-managed landscapes. In 

addition, managing invasive plants in these areas are difficult, due to the close proximity to 

water makes herbicide use limited (Hood & Naiman 2000). 

The hydrologic processes that created a dynamic and diverse riparian habitat also create 

opportunities for invasive plants to take hold. Through the removal of sediments a flood often 

removes existing vegetation. As a result seasonal or periodic flood events provide areas of bare 

ground for invasive plant propagules to colonize with decreased competition for light, space 

and nutrients (Hood & Naiman 2000). These flood events also serve to aid in the downstream 

dispersal of invasive plant propagules through the riparian corridor. The edge effect is another 

aspect that plays a role in riparian zone susceptibility to invasion. Usually riparian zones are 

thin, narrow corridors, which have a high edge to area ratio. This large edge area creates many 

potential entry points for invasive plant propagules. This is especially an issue of human-

managed riparian zones where much of the native vegetation has been cleared (Hood & 

Naiman 2000).  



 

Research objectives addressed the following questions: 1) Could forms of mechanical 

control be used to allow tree saplings to become established in knotweed invaded sites? 2) To 

compare growth and survival of four native tree species inside and outside of Japanese 

knotweed stands. 3) To compare the soil seed bank density and composition of invaded versus 

noninvaded sites.  This research will evaluate native species competition with Polygonum 

cuspidatum in order to identify which species are suitable for restoration efforts. My results will 

then be disseminated to the public, managers, and biologists to educate them about the effects 

of Polygonum cuspidatum on forest regeneration and how to restore native trees to invaded 

sites. 

 

BACKGROUND 

The highly invasive Japanese knotweed taxa  

Taxonomy and Nomenclature 

 There are a number of synonyms of these taxa and their close relatives used throughout 

the scientific literature.  Scientific names for Japanese knotweed are Polygonum cuspidatum, 

Polygonum japonica, Fallopia japonica, and Reynoutria japonica. Its’ closely related congener 

giant knotweed is called Polygonum sachalinensis, Fallopia sachalinensis and Reynoutria 

sachalinensis. The most common hybrid between the two taxa is termed genus name x 

bohemica, a number of other hybrids and closely related taxa also exist.  These are outlined in 

Beerling et al. (1994).  In the U.S. Polygonum cuspidatum is still widely used in publications and 

is the nomenclature of the USDA Plants Database so it will be used in this paper.  Fallopia 



 

japonica is now the most commonly used name in the scientific community worldwide. Unless 

specified, I will collectively refer to these three taxa as “Japanese knotweed”. This confusion is 

due in part to the taxonomy of this particular group of plants and to the history of discovery of 

the species Polygonum cuspidatum.  

The genus Polygonum is within the family (Polygonaceae).  Taxa of Polygonum have 

been frequently grouped within different genera, for instance Persicaria, Fallopia, Polygonum, 

and Reynoutria thus making the genus strife with taxonomical controversy among botanists and 

ecologist’s alike (Kawano et. al. 1999).  

 The species Polygonum cuspidatum was originally described as Reynoutria japonica in 

1777 by Houttuyn, believed to be based on dried specimens collected in Japan brought back by 

Thunberg. Although Houttuyn and Thunbreg both wrote many botanical works this name and 

the plant became virtually lost to the world for more than 150 years. Until 1845 when 

additional specimens were collected, the same species was independently described as 

Polygonum cuspidatum by Siebold and Zuccarini. However, in 1901 a Japanese botanist, 

Makino, realized that Houttuyn’s description of Reynoutria japonica and Siebold and Zuccarini’s 

description of Polygonum cuspidatum were actually the same species (Beerling et al. 1994, 

Bailey & Conolly 2000).    

 

Life history, Morphology, and Identification 

The Japanese knotweeds are tall rhizomatous herbaceous perennial plants. They can 

spread vegetatively through fragments of rhizome and also stem issue. Although, primarily by 

means of a subterranean rhizome network which can extend out from parent plant up to 7m. 



 

Along their length from nodes the rhizomes grow up shoots and roots that penetrate the soil up 

to 2m deep (Smith et al. 2007). After overwintering the underground perennial root crown and 

rhizomes form rapidly growing shoots in early spring from March to April (Beerling et al. 1994). 

This rapid growth, which can exceed 8 cm per day, creates the characteristic arching hollow 

bamboo-like canes which can be over 4 m in height by early summer (Shaw and Seiger 2002). 

Flowering occurs August through September (Mitchell & Dean 1978). After flowering the leaves 

senesce and the above-ground parts die back to ground level in autumn, but the dead stems 

continue to stand into the next growing season (Talmage and Kiviat 2004; Shaw and Seiger 

2002).  

Stems are jointed, stout, erect, glaucous, with reddish mottling in P. cuspidatum and P. x 

bohemica, and mostly green in P. sachalinensis, along these canes grow alternate branches 

where the stem narrows, the stem makes a characteristic zigzag where the alternate leaves 

attach at the nodes. The hybrid Polygonum x bohemica is the most difficult to identify of the 

three taxa. For practical field identification leaf shape and size and trichomes of the lower 

epidermis of the leaf are the best characteristics to use. The largest and fully grown leaves are 

the best to use for identification.  Polygonum cuspidatum leaves are without trichomes, broadly 

ovate, cuspidate at the tip and truncate at the base, 5-15cm long, 5-8cm wide. Polygonum 

sachalinensis leaves have long trichomes on the lower epidermis, and are much larger, 30cm 

long, 20cm wide, with a pronounced cordate base. The hybrid P. x bohemica has intermediate 

features of both parent taxa. The leaves have shorter thicker trichomes and their size and 

shape are intermediate between P. cuspidatum and P. sachalinensis (Beerling et al. 1994). 

  



 

 

 

Native range and habitats 

Within nature these two species, Japanese and giant knotweed, are found in the cool 

temperate to warm temperate zone of northeastern Asia. The range of Polygonum 

sachalinensis extends from northern Japan to Korea, and Sakhalin Island. Polygonum 

cuspidatum occurs in Japan, Korea, China, and Taiwan (Beerling et al., 1994). Morphological and 

historical data, point toward Japan as being the most likely country of origin of Polygonum 

cuspidatum. As for Polygonum sachalinensis, both Japan and Sakhalin Island can be considered 

of equal likelihood as the country of origin. The hybridization between P. cuspidatum and P. 

sachalinensis (Polygonum x bohemica) is believed to have most likely occurred after the plants 

introduction into Europe. It is critically important to know exactly where these two species 

originated from in order to identify potential biological control agents. This problem is being 

solved through chloroplast DNA, by comparing sequences to find regional places of origin of 

individual clones (Pashley et al. 2007). 

In its native range Japanese knotweed occupies the two primary habitat types: natural 

and anthropomorphically disturbed habitats. In nature they are commonly found along river 

banks especially in clearings. An alpine variety, Polygonum cuspidatum var. compacta, can be 

found up to 2,400 m on Mt. Fuji (Maruta 1983). In this extreme habitat of high concentrations 

of sulphur dioxide it plays an important role as natural pioneer species as the earliest colonizer 

of bare volcanic lava flows, pumice deserts, fumaroles, and ash fields (Adachi et al. 1995, Hirose 



 

and Katajima, 1986). This variety is also commonly found in any human-managed areas such as 

roadsides, railroads, and abandoned industrial lands (Hirose and Katajima, 1986).   

 

The history of the invasion 

Once considered a prized addition to any Victorian era garden Japanese knotweed was a 

sought after unique exotic ornamental plant of the orient. In 1847 Polygonum cuspidatum won 

a gold medal from the Society of Agriculture & Horticultures at Utrecht for the most interesting 

new ornamental plant of the year (Bailey and Conolly 2000). However, Japanese knotweed is 

now regarded as one of the world’s most invasive plant species, ranking on the International 

Union of Conservation of Nature’s list of the 100 world’s worst invasive alien species (IUCN 

2005). 

The entrepreneurial Dr. Phillipe von Siebold and his horticultural company Von Siebold 

& Co. has been credited or rather blamed for being a major proponent of the introduction of 

the invasive Polygonum species most notably Polygonum cuspidatum to Europe.  Phillipe von 

Siebold lived in Japan from 1823 – 1829 as an appointed doctor to the Dutch trading settlement 

where he made many friends and prominent contacts.  During his time there he as well as his 

friends and students extensively collected live plant and animal specimens from all over Japan 

which were shipped back to Leiden (Bailey & Conolly 2000). Siebold arrived back in Leiden in 

1841; his horticultural company Von Siebold & Co. not only owned the specimens collect from 

his stay in Japan but also held a governmental monopoly on any later introductions from Japan 

and Java.  At Von Siebold & Co. in Leiden Polygonum cuspidatum became commercially 

available in 1848 where it was sold and enthusiastically promoted, and is believed to be the 



 

initial locus of the invasion of the now massive  male-sterile  P. cuspidatum clone invasion 

(Bailey & Conolly 2000).  

In 1853 on Sakhalin Polygonum sachalinensis was discovered by Dr. H. Weyrich a 

surgeon on board the Vostok on a Russian Naval Expedition to eastern Asia. During the survey 

of the west coast of the island Weyrich landed and collected P. sachalinensis from river banks 

(Bailey & Conolly 2000). Exactly how or when this species was introduced into Europe is greatly 

unknown, but it became commercially available in 1869 (Bailey & Conolly 2000). Of the plants 

that have be introduced into Europe, the P. sachalinensis plants have much greater genetic 

diversity than P. cuspidatum this implies that P. sachalinensis may have been introduced 

multiple times from widely separated areas, or from the introduction of seed. 

 Although P. sachalinensis is much less common throughout Europe than P. cuspidatum 

both species had been grown together in botanical gardens and nurseries during this time. 

When the female (male-sterile) P. cuspidatum occurred with the male (male-fertile) P. 

sachalinensis hybridization resulted in the creation of Polygonum x bohemica. It is thought that 

the creation of this hybrid taxon is the result of commercial nurseries trade in these plants, and 

may have been unwittingly sold under the name of P. cuspidatum. The hybrid between P. 

sachalinensis and P. cuspidatum, Polygonum x bohemica was first described in 1983 in a 

Czechoslovakian wildlife magazine, and it was not until 1986 that the scientific community 

became aware of its existence (Bailey & Conolly 2000). It is more difficult to deduce any 

patterns of distribution with P. x bohemica due to that it can be spread vegetatively or by seed.  

 

Introduced range and habitat 



 

The most conspicuous affect of Japanese knotweed in its introduced range is on riparian 

corridors. The massive and dense monotypic stands it forms along rivers and stream banks not 

only change the landscape visually, by obscuring views and access to waterways. Japanese 

knotweed predominately grows along river and stream bank, however can be found along road 

ways, drainage ditches, hillsides, and other disturbed areas (Beerling 1991).  

In Europe it occurs in 34 countries, it has also been found in Australia and New Zealand 

(DAISIE 2008). In North America it occurs in 8 provinces in Canada and in 42 states in the U.S. 

(USDA 2012)   

 

Invasive characteristics   

There are numerous attributes to the invasiveness of the Japanese knotweed. 

Introduced populations grow freed from controlling influences from coevolved competitors, 

herbivores, and pathogens of its native range (Bimova et al. 2004).  

Herbivory of Japanese knotweed may be further suppressed due to its myrmecophytic 

nature (Kawano et al. 1999).  The presence of extrafloral nectaries on its nodes and leaf petioles 

provide a carbohydrate-rich food source for ants, which in turn may guard providing protection 

from possible herbivory.  

In addition these species are extremely tolerant of a wide variety of environmental 

conditions from full sun dense shade. Japanese knotweed is able to grow on a variety of soils 

with pH ranging from 4.5 to 7.4, from coal mine waste, silts, clays and loams to mineral soils. 

Analysis of the soils from 17 stands in Wales found no relationship between soil type and stand 



 

vitality and size (Talmage and Kiviat 2004). This adaptation allows introduced Japanese 

knotweeds to become widespread across a range of habitats (Beerling et al. 1994).  

The ability to store and conserve nutrients is another adaptive advantage of Japanese 

knotweed, allowing it to achieve early emergence in spring. In its native range on Mt. Fuji, due 

to the higher elevation and shorter growing season, Polygonum cuspidatum var. compacta 

relies on stored nutrients in the large woody rhizomes to grow up quickly, maximizing its use of 

available light (Bailey et al. 2009; Zhou et al. 2003). During the fall when it has finished 

flowering, nutrients are reabsorbed from the senescing leaves into the extensive rhizome 

system (Urgenson 2009). The stored nutrients are then used by the spring shoots, giving the 

new shoots the advantage of early emergence and rapid growth thus enabling it to out-

compete native vegetation for sunlight.  

The ability of Japanese knotweed clonal species to reproduce asexually by rhizome or 

stem fragments allows them to spread rapidly by water along riparian corridors and to be 

spread by construction equipment (Francis et al. 2008). A rhizome fragment as little as 0.7g can 

regenerate into a viable new plant (Bimova et al. 2003). Once established, populations are 

extremely persistent making management efforts difficult. 

The production of allelopathic chemicals is yet another means at which introduced 

Japanese knotweed make such successful invaders. It has been shown that the three taxa, P. 

cuspidatum, P. sachalinensis and P.  x bohemica produces phenolic compounds, stilbenes and 

catechins, and that these substances have antimicrobial and fungicidal properties (Vrchotova 

and Sera 2008; Murrell et al. 2011).  Vrchotova and Sera (2008) found that extracts from both 



 

rhizomes and aboveground parts contain a number of biologically active compounds with 

allelopathic properties.   

These various invasive attributes of Japanese knotweed must be further understood in 

order to develop effective management strategies.  

 

Reproduction and hybridization 

 In its native range Japanese knotweed undergoes sexual reproduction through wind and 

insect pollination; its flowers, although not showy, emit a sweet smell and produce copious 

amounts of nectar (Zhou et al. 2003). The seeds of Japanese knotweed are formed on panicles 

of racemose inflorescences. Each stem on a female usually produces many panicles which are 

able to produce over 127,000 seeds per stem (Bram & McNair 2004). Seeds are predominately 

dispersed by rain through run-off water (Zhou et al. 2003).  

Japanese knotweed has an unusual sex system; its two different sexes are unlike that of 

dioecious plants. It has both female and hermaphroditic individuals. This is known as 

gynodioecy where the hermaphrodite individuals produce viable pollen. Since only one female 

genotype clone is found throughout Europe it is unable to reproduce and is limited to 

vegetative reproduction (Bailey et al. 2009). However, hybridization is occurring among the 

closely related taxa Polygonum sachalinensis and that these hybrids can produce viable seeds 

(Bailey et al. 2007). Crosses between P. cuspidatum and P. sachalinensis produce the hybrid P. x 

bohemica. The Polygonum x bohemica hybrid occurs at three ploidy levels making it the most 

genetically variable of all Polygonum cuspidatum s.l. taxa (Bailey et al. 2009). P. x bohemica had 

the highest rate of regeneration and is the most successful of all taxa in the establishment of 



 

new shoots and the most resistant to mechanical and chemical control treatments, in that 

these treatments were found to be ineffective (Bailey et al. 2009). By comparing the rate of 

spread using herbarium records it was found that P. cuspidatum had spread significantly faster 

than P. sachalinensis, and that the hybrid P. x bohemica had spread twice as quickly as its 

parents (Bailey et al. 2007). Hybridization in the wild could have a huge affect on this invasive 

species evolution. Through sexual reproduction, recombination will increase genetic diversity, 

creating new phenotypes with new adaptations that could increase their invasiveness (Tiebre et 

al. 2007). Failure to acknowledge the evolutionary and ecological importance of this 

recombination could lead to flawed management plans (Forman and Kesseli 2003). 

 

Ecological impact  

The most obvious effect of Japanese knotweed in its introduced range is on riparian 

habitats. The massive and dense monoculture stands it forms along rivers and streams not only 

change the landscape visually, by obscuring views and access to waterways. It also has a major 

negative impact on both floral and faunal diversity, by displacing native plant species along with 

associated fauna that they support.  

 The invasiveness of Japanese knotweed is particularly virulent; species rich 

communities offer no resistance.  Bimova et al. (2004) found that the species richness of 

communities had no significant influence on the invasiveness by Japanese knotweed. Both 

species rich habitats and those with intermediate number were equally at risk of invasion. 

Gerber et al. (2004) compared eight locations along river riparian zones with different degrees 



 

of Japanese knotweed densities, and found that native plant species richness was significantly 

lower in invaded plots compared to un-invaded plots.  

The invasion of Japanese knotweed may also indirectly effects fauna which are 

associated with the plants that are displaced. Gerber et al. (2004) also found that the overall 

abundance of invertebrate was reduced by nearly 50% in invaded plots compared to control 

plots. Topp et al. (2008) found reduced beetle species richness and diversity in Japanese 

knotweed stands as well as a negative effect on total beetle abundance. 

The findings of Maerz et al. (2005) may further demonstrate these consequences among 

high tropic levels. Maerz et al. (2005) found that green frogs had reduced foraging success in 

habitats invaded by Japanese knotweed, which resulted in a significant decrease in mass in 

invaded plot as compared to non-invaded plots.  

Urgenson et al. (2009) found that tree seedlings were among the displaced species, 

Urgenson et al. (2009) also found that due to Japanese knotweed’s conservation of foliar 

nutrients, it contributes a lower nutritional quality leaf litter than the native species it has 

displaced. This change in the composition and quality of riparian leaf litter input, may affect 

aquatic food webs (Urgenson et al. 2009). Lecerf et al. (2007) study showed that Polygonum 

cuspidatum leaf litter has a strong effect on stream detritus food webs, altering assemblages 

and spore production of aquatic hyphomycetes. Due to Polygonum cuspidatum allelopathic 

chemicals, this may alter the decomposition rates of the invaded habitat, inhibiting microbial 

and fungal processes. This may explain the accumulation of dead canes from the previous 

seasons and the reason for their slow decay (Vrchotova and Sera 2008). 

 



 

 

 

Control and management  

Japanese knotweed management has proven to be very difficult. It spreads rapidly 

through vegetative propagules via rhizome or stem fragments of internodal tissue. It is 

primarily spread by water or through human activities in the transport of rhizome 

contaminated soil. Once a population becomes established it is extremely resilient and 

persistent and nearly impossible to eradicate. This is due to the extensive underground rhizome 

system that sustains the plant even when aerial stem growth is removed. For all but the 

smallest infestations, the current techniques available for eradicating Japanese knotweed are 

limited. The remove of soil and vegetation is expensive and creates a major disturbance, and 

then the problem of disposal of contaminated soil. The application of a systemic herbicide can 

be effective, but only if treatments are repeated over several seasons.  

As a result treatments need to be repeated for long-term control to be successful. There 

are two current methods of control, mechanical control and chemical control. However, the 

most successful treatments are a combination of the two. Manual and mechanical control 

usually consists of mowing or cutting the aerial stem growth or grubbing and pulling out the 

root crowns and rhizomes. The goal of repeated mowing or cutting is to deplete nutrient 

reserves of the rhizomes over time, to reduce the vigor so the plant is less able to regenerate 

(Talmage and Kiviat 2004). When performing these control techniques it is important to rake 

and remove all vegetative parts, to prevent spread of plant parts into nearby streams or sites. 

These methods are most effective on treatment of small initial populations or where biological 



 

sensitive areas prevent the use of chemical treatments. Manual and mechanical controls have 

only proved effective when repeated over many years, and are not recommended for large 

established stands (Talmage and Kiviat 2004). 

A chemical control treatment consists of foliar spray or stem injection of herbicides. This 

method is a more effective means to manage large established stands. However, many 

herbicides need repeated applications, and are not appropriate in all weather conditions. 

Treatment of foliar spraying should be done in late summer when stands are at their full height 

and flower buds are developing, this allows for the greatest translocation of herbicide into the 

rhizome system (Weston et al. 2005). Foliar spraying is not a suggested management strategy 

for use in riparian areas, due to possible contamination of water sources. Stem injection of 

herbicide can provide an alternative, reducing the risk of contamination to water and non-

target plants. However, this technique is much more labor intensive and time consuming due to 

that each individual aerial stem has to be treated and treatment is limited to stem diameter 

(Hagen & Dunwiddie 2008). 

More research is needed to better understand the ecological impact of the Polygonum 

cuspidatum invasion on our ecosystems and communities. In order to better equip land 

managers in setting management goals for invasive species control. Management efforts must 

be well thought out so as not to exacerbate the problem. This makes education on the issue 

paramount. Native species introductions as a complement to mechanical control could be an 

effective and sustainable strategy. However, research is needed on what native species would 

serve as effective competitors. Also, careful consideration of the biology of Polygonum 

cuspidatum has to be made in order to maximize the different control efforts and strategies. 



 

 

METHODS 

Study site 

Tifft Nature Preserve is a 107-ha urban nature preserve operated by the Buffalo 

Museum of Science located in South Buffalo ~5km south of downtown Buffalo, Erie County, 

New York on the east shore of Lake Erie and near the mouth of the Buffalo River. Tifft Nature 

Preserve has a unique and rich history; once a part of an extensive flood plain and wetland 

complex that surrounded the mouth of the Buffalo River and is now only just a remnant. 

Toward end of the 19th century the area underwent dramatic changes as Buffalo became an 

important center for shipping and commerce. Despite the heavy disturbance of the site’s 

industrial history this recovering brownfield site still provides valuable wildlife habitat. The 

major habitats on the preserve include: a remnant cattail marsh, woodlands, grasslands, three 

ponds and a small stream. The 30-ha cattail marsh is a DEC regulated freshwater wetland. It is 

the largest remnant wetland in Erie County and is designated as a Significant Coastal Fish and 

Wildlife Habitat by the New York Department of State. The remnant provides nesting habitat 

for rare marsh birds, and is an important stop-over site for migrating birds and is designated as 

an Important Bird Area (IBA) by Audubon. Due to the past industrial land use and dumping 

invasive species abound at the site. Japanese knotweed is widespread particularly on the 

southern half of the preserve. The time of first introduction is unknown but it has been present 

since at least 1980. The climate at Tifft Nature Preserve is a moderately humid, continental 

climate, with maritime characteristics due to the powerful influence of, and proximity to the 

Great Lakes. The summers are sunny with moderate humidity and temperatures; winters are 



 

generally cold and snowy, but can be variable with frequent thaws and rain. The nearby Lake 

Erie acts to moderate temperatures in the summer and winter. The preserve is located on the 

southeast shore of Lake Eire, and is exposed to strong winds off the lake.  As a result of past 

dredging and dumping the soil properties of the preserve are extremely variable and can 

change considerably over short distances. The altered soils have a shallow surface profile and a 

deep underlying mixture of cinders, slag, and construction and foundry waste (Spiering 2009). 

 

Field experiment 

In May 26, 2010, twenty four 2 x 2 m plots were established at the south end of the 

Preserve along the Snakeroot Trail, Warbler Walk Trail, and Service Road. The four treatments 

of six plots each consisted of the following: Control, Uncut, Removed, and Tilled. Control plots 

were established in areas adjacent to stands of Japanese knotweed. The remaining eighteen 

plots were established within dense stands of knotweed.  Uncut plots were unmanipulated. In 

Removed plots the knotweed was cut to the ground and removed. In Rototilled plots knotweed 

was cut and the soil rototilled to a depth of ~30cm, during which any rhizome fragments 

brought to the surface were removed. Approximately 1 hr tilling and rhizome removal effort 

was spent on each of these plots. To compensate for edge effects in the Removed and Tilled 

plots the cutting and tilling was conducted in a 3 x 3 m area.  To maintain treatment conditions 

in the Removed and Tilled plots the knotweed was cut at ground level three times during the 

growing season (mid-June, mid-July and mid-August).   

 The three invasive Japanese knotweed taxa have been shown to be extremely tolerant 

of any form of mechanical control, due to fast regeneration from its robust and extensive 



 

rhizome network. A combination of chemical and mechanical controls appears to be the only 

way to control the species (Talmage and Kaviat 2004). Consequently, the rationale behind the 

mechanical controlling regimes is not to eliminate knotweed from the plots but rather to 

reduce competition for light sufficiently enough for tree saplings to become established within 

the stands. 

In 8-10 July, 2010 a total of 192 tree saplings were planted.  In each plot two of each of 

four different tree species were planted as saplings, two of each species for a total of eight tree 

saplings per plot. The four native tree species, Acer saccharinum (Silver maple), Fraxinus 

pennsylvanica (Green ash), Platanus occidentalis (American sycamore), and Quercus bicolor 

(Swamp white oak) were selected based on site appropriateness, rate of growth, and 

availability. With permission, all four trees species were collected from the wild on privately 

owned properties. Each sapling, when planted, was enclosed in a protective nylon mesh tube to 

prevent herbivory.  

Monitoring of these saplings was conducted biweekly and will continue at a lower 

frequency in subsequent years. Final sapling height, number of leaves and mortality were 

compared by ANOVA to determine sapling growth and survival across treatments. 

 

Soil seed bank experiment  

 Approximately 800 ml of soil from the top 5 cm (surface area ~120 cm2) was collected 

on 2,3,4,8 April 2010 from 5 sites: Tifft Nature Preserve, Cazenovia Creek (Buffalo, NY), 

Canadaway Creek (Fredonia, NY) and the Tom Ridge Environmental Center (Presque Isle, PA). At 

each site 10 samples were collected, 5 samples were taken from within stands of Japanese 



 

knotweed, and 5 samples were taken from similar adjacent areas without knotweed.  Soil 

samples were collected with trowels and placed into plastic bags.  On 2, 8, 10 May 2010 soil 

samples were spread out in 53.5 cm by 27 cm flats over 2 mm sterile sand which was over 5 cm 

of potting soil in the SUNY-Fredonia greenhouse. Six control flats containing only potting soil 

and sterile sand were installed to detect greenhouse contaminants.  Flats were watered daily 

from an automatic irrigation system. Flats received ambient light ranging between 11 and 15 

hours of light per day.  I wonder if we can say anything about temperature in the greenhouse.  

Flat locations were shuffled randomly every two weeks during the experiment to limit the 

possibility of differences in emergence in response to localized greenhouse conditions.  Upon 

emergence, plants were identified or transplanted and subsequently identified.  Once a species 

was identified, it was counted and removed.  A plant was only counted if it originated from 

seed and not from a rhizome or via other vegetative means.  When plants were pulled, rhizome 

presence was determined.  In order to avoid removing seeds when a plant was pulled, all roots 

were sprayed with tap water to wash off any seeds that may be attached to the roots.  The 

study was terminated on 16 August 2010 when no new seedlings had emerged in more than 2 

weeks.  

 

RESULTS 

When comparing the sapling growth and survival data of the four tree species, Acer 

saccharinum, Platanus occidentalis, Quercus bicolor, and Fraxinus pennsylvanica across the four 

treatments no significant differences were detected but some general trends can be observed.  



 

 

Sapling height data 

No significant differences in height were found for each of the four sapling species 

across treatments at the end of the first growing season.  Acer saccharinum: (ANOVA, df = 

111.021, F = 1.403, p = 0.281), Platanus occidentalis: (ANOVA, df = 3, F = 0.592, p = 0.629) 

Quercus bicolor: (ANOVA, df = 3, F = 0.605, p = 0.620) Fraxinus pennsylvanica: (ANOVA, df = 3, F 

= 2.478, p = 0.094). 

The Till treatments generally show the greatest height increases among the four species 

compared to the other treatments, whereas the Uncut treatments generally showed the least 

change in height among the four species (Figs. 1a-1d). The Remove and Control treatments 

trends generally seemed to lie in between the Till and Uncut, with the Remove treatment 

generally showing the greater increases in height compared to the Control. In general trends of 

most positive growth to the least, the four species ranked in the following order: Platanus 

occidentalis, Fraxinus pennsylvanica, Quercus bicolor, and Acer saccharinum. 

 

Leaf data 

There were no significant differences found in leaf numbers for each of the four species 

across the treatments. Acer saccharinum: (ANOVA, df = 17.637, F = 2.349, p = 0.114) Platanus 

occidentalis: (ANOVA, df = 3, F = 0.440, p = 0.727) Quercus bicolor: (ANOVA, df = 3, F = 2.025, p 

= 0.144) Fraxinus pennsylvanica: (ANOVA, df = 3, F = 2.075, p = 0.139). 

When comparing the mean leaf count data across the four tree species, similar trends to 

that of the height data are apparent (Figs. 2a-2d). The Till treatments showed the greatest 



 

increase in leaf number, the Remove treatments showed the next highest leaf numbers, then 

the Control treatments, and the Uncut treatment with the least.  The leaf number data 

coincides with the height data. From the greatest increases in leaf numbers to the least the 

species trend in this order: Platanus occidentalis, Fraxinus pennsylvanica, Quercus bicolor, and 

Acer saccharinum. 

 

Mortality  

Out of 48 plantings per species (12 saplings of each species per treatment), Acer 

saccharinum exhibited the highest mortality with 20 dead at the conclusion of the experiment. 

Platanus occidentalis had the next highest mortality with 14 dead. Quercus bicolor and Fraxinus 

pennsylvanica both had a mortality of 8 (Table 1). 

 The treatment that resulted in the high mortality was the Control with 19 dead. The 

Uncut treatment had the next highest mortality with 14 dead, followed by the Remove 

treatment with 11 dead. The treatment with the lowest mortality was the Till treatment with 6 

dead.   

    

Soil seed bank analysis  

  A total of 114 plants species were identified representing 33 families (Table 2). 44 of 

those species were non-native; the remaining 70 species were native. 7 species emerged from 

the control flats which were common greenhouse contaminants and were removed from 

analysis.  



 

When comparing total number of species in invaded versus noninvaded soil seed bank 

sites no significant difference was found (paired t-test, t = -1.778, df = 4, p = 0.150).  The three 

most abundant species found in the invaded samples were: Polygonum x bohemica at 786/m2, 

Juncus bufonius at 283/m2, and Eupatorium rugosum at 246/m2.  The three most abundant 

species found in the noninvaded samples were: Eupatorium rugosum at 1249/m2, Solidago sp. 

at 723/m2, and Urtica dioica at 356/m2. The most abundant native and non-native species 

found in the invaded soils was Juncus bufonius and Polygonum x bohemica. In the noninvaded 

soils the most abundant native and nonnative species were Eupatorium rugosum and 

Sercurigera varia.  

There were significantly fewer seedlings per m2 in soil samples collected from 

Polygonum patches than from soil collected in non-invaded sites (paired t-test, t = 5.567, df = 4, 

p = 0.005); 3380 seedlings/m2 emerged in invaded site soil as compared to 5801 seedlings/m2 in 

noninvaded site soils.  No significant differences were found in non-native seedling densities 

between invaded and non-invaded sites (paired t-test t = 0.114, df = 4, p = 0.914). However, 

there were a significantly greater density of native seedlings that were found in non-invaded 

than invaded sites (paired t-test, t = 0.6891, df = 4, p = 0.002).  

 

DECUSSION  

Although there were no significant differences found between treatments of the height 

and leaf count data among the four species, both data sets trends supported one another. The 

Till treatment in general resulted in the greatest growth both in height and number of leaves, 



 

the Remove treatment showed the next highest growth, followed by the Control treatment. 

The Uncut treatment generally resulted in the lowest measured growth.  

The mortality data also gives support to the height and leaf data. The Till treatment, 

which exhibited the greatest growth (height and leaf number) also had the lowest mortality 

followed by the Remove treatment which had the next greatest growth also had the next 

lowest mortality of the treatments. The only deviations from the height and leaf growth data 

trends were between the Uncut and Control treatments.  The Uncut had lower mortality than 

the Control which had the highest mortality among the treatments.  

The greatest growth success seen in the Till treatments may be a result of a combination 

of factors. The most prominent one may be due to the increased light availability. However 

both Removed and Control treatments also had comparable light levels. Another factor that 

may have played a role is reduced competition. Although the Till, Removed, and Control plots 

may have had equal light availability, the Till treatments had below ground rhizome growth 

removed, and the soil loosened. This may have caused a reduction in below ground 

competition, and created beneficial soil characteristics for sapling growth. Whereas in the 

Removed treatments only the above ground stems of Japanese knotweed were cut and the 

rhizomes were left untouched. This may explain why the Remove treatments generally 

exhibited intermediate growth across treatments, where only light availability was controlled 

for. In the Control treatments saplings were planting among dense low vegetation 

predominantly Eupatorium rugosum, these plots likely had the most interspecific competition 

which may explain the result of the least observed growth of the treatments.   



 

Moisture availability may have been a factor in mortality across treatments. The 

Japanese knotweed appeared to create a microclimate, with increased humidity and moisture 

content in soils within the stands (personal observation). Whereas outside of Japanese 

knotweed stands the soil is much drier. This may be possible factor in why the highest observed 

mortality was in the Control treatment.   

Three interesting findings came out in the seedbank results. There were significantly 

fewer seedlings per m2 in soil samples collected from Polygonum patches than from soil 

collected in non-invaded site. The invaded soil seed bank showed significantly fewer native 

seedlings than the non-invaded soil seed bank. The most abundant species found in the invaded 

soil seed bank was Polygonum x bohemica.  

Fewer seedlings were found in soils collected from invaded sites as compared to non-

invaded sites and trends of reduced growth and high mortality of saplings were found in Uncut 

Japanese knotweed plots as opposed to Till plots.  Why we see these results may be due to the 

nature of Japanese knotweed.  It is known that Japanese knotweed can cause great changes to 

the communities and ecosystems it invades (Gerber et al. 2008). Its massive size and clonal 

growth, which form large and dense monocultures, make it an invader that can visually, 

structurally and chemically transform ecosystems (Murrell et al. 2001). Typical wordage found 

within the literature used to describe the ecological impact of these monocultures on native 

vegetation include: displace, exclude, suppress, and outcompete.  However, exactly what 

mechanism of action is being used to create this invasive pattern?  

It has been found that knotweed reabsorbs 60-75% or greater the amount of foliar 

nitrogen before leaf fall (Aguilera et al. 2010; Urgenson et al. 2009). It is suggested that most of 



 

this nitrogen is transported to and stored within the rhizomes.  This efficient usage and storage 

of nutrients within its rhizome network may enable the plant to emerge early in the spring and 

rapidly grow, giving it a competitive advantage to light resources, achieving 90-100% cover by 

early summer, and achieving a biomass 2-6 times greater than the native community (Aguilera 

et al. 2010; Urgenson et al. 2009). Since both the invaded and non-invaded soil samples were 

subjected to the same light levels and greenhouse conditions; is this observed reduction of 

seedlings in invaded soils solely a result of a limited light resource, or is there another 

mechanism at work? Although light limitation under knotweed’s tall dense canopy may appear 

to be the most obvious mechanism of it competitive supremacy, the species may also be 

altering chemical and biological properties of it surrounding environment.  

A possible explanation for the reduction of seedlings and reduced sapling growth of 

Japanese knotweed invaded soils may be the result of allelopathy. The three taxa: Polygonum 

cuspidatum, P. sachalinensis, and P. x bohemica are known to contain biologically active 

secondary compounds with inhibitory effects on germination of seeds (Vrchotova and Sera 

2008). In an experiment to examined allelopathic effects of P. x bohemica, Murrell et al. (2001) 

grew from seed an experimental community of six native plants. Murrell et al. (2001) found 

that with the addition of activated carbon to the invaded soil greatly improved the growth of 

the native plants. This finding is made particularly poignant when in the absence of P. x 

bohemica activated carbon had no effect on the plants. Murrell et al. (2001) found that the 

positive effect of the addition of activated carbon were near equal to that of regular cutting of 

Polygonum shoots. These findings strongly suggest that the invasive Japanese knotweed taxa 

have a large allelopathic effect on native plants and that Japanese knotweed allelopathy may 



 

play a more important role in the ecological impact and invasion success than previously 

thought. More research is needed understand the actual mechanisms of Japanese knotweed 

allelopathy; do they act directly or indirectly? The results of this experiment may imply that 

these allelochemicals in the soil are stable and persistent. If this is indeed the case this would 

have important implications in regards to management and restoration efforts. Where even 

after a complete removal of Japanese knotweed along with subsequent plantings of native 

species could allelopathic residues continue to impart it effects.    

In addition, even though Japanese knotweed reabsorbs a good portion of its leaf 

nitrogen before fall, just this sheer quantity of this biomass of low quality litter may still have a 

strong influence on nitrogen cycling. This may be supported by Aguilera et al. (2010) findings 

that nitrogen mineralization in soil was frequently greater within Japanese knotweed stands. 

Maurel et al. (2009) observed a thicker A horizon and darker topsoil under stands of P. 

cuspidatum as compared to adjacent uninvaded areas. Maurel et al. (2009) made the 

suggestion that P. cuspidatum could be creating a positive plant-soil feedback, enhancing 

productivity and nutrient availability through the massive production of aboveground biomass 

in the form of slowly decaying leaf litter and stems. In addition to allelopathy increased soil 

nitrate content may also inhibit the growth of native species or change dominate relationships 

in the plant community (Maurel et al. 2009). This could explain why there were a significantly 

greater density of native seedlings that were found in non-invaded than invaded. Once again 

we could expect that Japanese knotweed invaded soils would remain altered even after their 

complete removal which may influence any restoration efforts.  



 

The most abundant species found in the invaded soil seed bank was Polygonum spp. 

This finding confirms our suspicion that the most abundant species within our study site is 

Polygonum x bohemica and at a staggering density of 786/m2! This further adds to the body of 

evidence that these species are indeed undergoing sexual reproduction in the wild and 

producing viable seed which are now a part of the soil seed bank. Yet again, even after the 

complete removal or eradication of a stand of knotweed, knotweed propagules in the form of 

seed may still remain in the soil further complicating restoration efforts and the 

reestablishment of native vegetation.  

 

CONCLUSION  

In conclusion of this experiment showed that the mechanical control of Japanese 

knotweed made no difference to the growth and survival of native tree saplings within a single 

growing season. While light limitation appears to be an important factor for growth of tree 

saplings other factors such as below ground competition may play a role. Possible differences in 

sapling performance may have begun to emerge if the experiment had run longer. This research 

did show that Japanese knotweed has a negative impact on seed densities within the soil 

seedbank and that non-invaded soil contains greater densities of native seeds These finding 

suggest a possible allelopathic interference interaction.   
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Figures 1a – 1d.  Height (cm) for saplings of four native tree planted into four treatments at Tifft Nature Preserve, Buffalo, NY.  The treatments 
are as follows:  Out = no Japanese knotweed, Uncut = Japanese knotweed plot with no treatments applied, Remove = Japanese knotweed 
aboveground biomass is removed, Till = soil is tilled and above and belowground biomass removed.  The sampling dates are as follows:  1 = 
June 2010, 2 = July 2010, 3 = August 2010, 4 = September 2010.  No significant differences were observed in final height across treatments for 
each species by ANOVA.   
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Figures 2a – 2d.  Leaf number for saplings of four native tree planted into four treatments at Tifft Nature Preserve, Buffalo, NY.  The treatments 
are as follows:  Out = no Japanese knotweed, Uncut = Japanese knotweed plot with no treatments applied, Remove = Japanese knotweed 
aboveground biomass is removed, Till = soil is tilled and above and belowground biomass removed.  The sampling dates are as follows:  1 = June 
2010, 2 = July 2010, 3 = August 2010, 4 = September 2010.  No significant differences were observed in final leaf number across treatments for 
each species by ANOVA.   



Table 1.  Sapling morality for four species (Acer saccharinum, Fraxinus pennsylvanica, Platanus occidentalis , and Quercus bicolor) in Japanese 

knotweed treatments.  Two saplings per species were planted in each of twenty four plots.  Uncut, Remove and Till were treatments in 

Japanese knotweed stands and Control was adjacent to Japanese knotweed stands at Tifft Nature Preserve, Buffalo, NY summer 2010. 

       Sapling Mortality     

Treatment Acer saccharinum  Platanus occidentalis  Quercus bicolor Fraxinus pennsylvanica   Total per treatment 

Control 9 6 2 2   19 

Uncut 3 4 4 3   14 

Remove 4 4 0 3   11 

Till 4 0 2 0   6 

     
  

 Total per species  20 14 8 8   
  



Table 2. Species list of mean seedlings/m2 in the soil seedbank experiment, with 10 samples from 4 

locations. IN = samples taken within stands of Japanese knotweed OUT = are sample that were taken 

adjacent to Japanese knotweed. N = native, A = Alien or non-native. Experiment ran from 2 May 2010 to 

16 August 2010. Significantly greater densities of seedlings were observed in non-invaded than invaded 

sites and significantly greater densities of native seedlings were observed in non-invaded as compared 

to invaded sites by paired t-test.  

   
# individuals/m

2
  

Family Species Alien/Native  IN OUT 

Amaranthaceae Amaranthus blitum A 27 17 

Amaranthaceae Chenopodium pumilio A 17 0 

Asteraceae Leucanthemum vulgare  A 0 17 

Asteraceae Matricaria discoidea A 10 23 

Asteraceae Sonchus asper A 3 23 

Brassicaceae Alliaria petiolata A 0 20 

Brassicaceae Barbarea vulgaris A 0 210 

Brassicaceae Hesperis matronalis A 0 133 

Brassicaceae Rorippa sylvestris A 3 7 

Caprifoliaceae Lonicera maackii A 0 23 

Caryophyllaceae Arenaria serpyllifolia A 7 0 

Caryophyllaceae Silene latifolia  A 3 0 

Caryophyllaceae Stellaria media A 13 0 

Convolvulaceae Ipomoea purpurea A 3 0 

Fabaceae Lotus corniculatus A 0 7 

Fabaceae Securigera varia A 73 233 

Fabaceae Trifolium campestre A 10 10 

Fabaceae Trifolium pratense A 23 13 

Fabaceae Trifolium repens A 0 7 

Lamiaceae Ajuga reptans A 0 3 

Lamiaceae Perilla frutescens  A 7 0 

Malvaceae Abutilon theophrasti A 0 7 

Myrsinaceae Lysimachia nummularia A 0 7 

Onagraceae Epilobium hirsutum A 3 0 

Onagraceae Epilobium parviflorum A 0 13 

Plantaginaceae Plantago major A 7 13 

Plantaginaceae  Veronica officinalis A 3 3 

Poaceae Digitaria ischaemum  A 43 43 

Poaceae Echinochloa crus-galli A 13 17 

Poaceae Lolium perenne A 3 0 

Poaceae Poa annua A 0 120 

Poaceae Setaria viridis var. major A 40 30 

Polygonaceae Polygonum cespitosum A 3 7 



Polygonaceae Polygonum convolvulus A 0 7 

Polygonaceae Polygonum cuspidatum A 786 30 

Polygonaceae Polygonum persicaria A 3 0 

Polygonaceae Rumex crispus  A 0 13 

Polygonaceae Rumex obtusifolius A 0 47 

Rosaceae Duchesnea indica A 3 57 

Salicaceae Salix alba A 3 3 

Scrophariaceae Verbascum blattaria A 223 0 

Scrophulariaceae Verbascum thapsus A 30 10 

Solanaceae Solanum nigrum A 113 97 

Solanaceae  Solanum dulcamara A 13 13 

Anacardiaceae Rhus typhina N 23 87 

Anacardiaceae Toxicodendron radicans N 0 10 

Asteraceae Artemisia vulgaris N 43 3 

Asteraceae Conyza canadensis N 27 13 

Asteraceae Erigeron annuus N 0 10 

Asteraceae Eupatoriadelphus maculatus N 13 0 

Asteraceae Eupatorium perfoliatum N 13 10 

Asteraceae Eupatorium rugosum N 246 1249 

Asteraceae Euthamia graminifolia N 13 57 

Asteraceae Solidago rugosa N 3 0 

Asteraceae Solidago sp. N 203 723 

Asteraceae Symphyotrichum lanceolatum var. lanceolatum N 7 7 

Asteraceae Symphyotrichum sp. N 3 0 

Asteraceae Taraxacum officinale N 10 13 

Campanulaceae Lobelia puberula   N 0 0 

Caprifoliaceae Sambucus canadensis N 0 3 

Caryophyllaceae Cerastium arvense N 0 0 

Convolvulaceae Cuscuta sp. N 20 0 

Cornaceae Cornus sericea N 7 0 

Cyperaceae Carex digitalis N 3 3 

Cyperaceae Cyperus erythrorhizos N 0 3 

Cyperaceae Cyperus odoratus N 0 7 

Cyperaceae Cyperus strigosus N 40 40 

Euphorbiaceae Chamaesyce maculata  N 13 3 

Fabaceae Robinia pseudoacacia N 3 7 

Hypericaceae Hypericum boreale N 3 0 

Hypericaceae Hypericum canadense N 0 3 

Juncaceae Juncus bufonius N 283 310 

Juncaceae Juncus tenuis N 3 3 

Lamiaceae Lycopus virginicus N 3 0 



Lamiaceae Mentha arvensis N 7 140 

Lamiaceae Prunella vulgaris N 3 53 

Onagraceae Circaea lutetiana N 13 3 

Onagraceae Epilobium ciliatum N 17 7 

Onagraceae Ludwigia palustris N 20 3 

Onagraceae Oenothera biennis N 27 3 

Phytolaccaceae Phytolacca americana N 83 20 

Plantaginaceae Veronica anagallis - aquatica N 7 0 

Plantaginaceae Veronica peregrina N 3 0 

Poaceae Agrostis scabra N 0 3 

Poaceae Andropogon virginicus N 0 10 

Poaceae Digitaria sanguinalis N 0 10 

Poaceae Eragrostis pectinacea N 0 3 

Poaceae Eragrostis pilosa N 0 43 

Poaceae Eragrostis spectabilis N 7 3 

Poaceae Muhlenbergia frondosa N 3 0 

Poaceae Muhlenbergia schreberi N 7 10 

Poaceae Panicum capillare N 3 0 

Poaceae Panicum dichotomiflorum N 3 10 

Poaceae Phragmites australis N 183 196 

Polygonaceae Polygonum hydropiperoides N 0 7 

Polygonaceae Polygonum lapathifolium N 3 10 

Polygonaceae Polygonum setaceum N 3 10 

Polygonaceae Polygonum virginianum N 0 3 

Ranunculaceae Ranunculus sceleratus N 7 0 

Rosaceae Fragaria virginiana N 0 7 

Rosaceae Geum macrophyllum N 0 167 

Rosaceae Rubus allegheniensis  N 30 80 

Rosaceae  Rubus odoratus  N 3 3 

Salicaceae Populus deltoides N 23 40 

Salicaceae Salix nigra N 3 7 

Scrophulariaceae Mimulus ringens N 0 3 

Typhaceae Typha latifolia N 57 97 

Ulmaceae Ulmus rubra N 0 7 

Urticaceae Boehmeria cylindrica N 17 163 

Urticaceae Pilea pumila N 3 130 

Urticaceae Urtica dioica N 67 356 

Verbenaceae Verbena simplex N 10 0 

Verbenaceae Verbena urticifolia var. urticifolia N 27 20 

Vitaceae Vitis riparia N 47 53 

Unknown Unknown ? 176 210 



Asteraceae Unknown species  ? 0 27 

Brassicaceae Unknown species  ? 0 0 

Caryophyllaceae Unknown species  ? 0 3 

Cyperaceae Unknown species  ? 20 17 

Lamiaceae Unknown species  ? 3 0 

Poaceae Unknown species  ? 13 13 

Polygonaceae Unknown species  ? 3 3 

Families = 33 Species = 114 
 

3164 5528 

 
Alien = 44 

    




