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Abstract Plant-centric sampling provides a novel

approach to quantifying the potential impact of inva-

sive species on native plant species. The aim of this

study was to determine the level of exposure of

individuals and populations of Panax quinquefolius to

invasive plant species using this approach in thirty

natural ginseng populations. A high level of invasion

was found with 63–70% of ginseng populations

containing at least one invasive species. Approxi-

mately one-third of all individuals were found in close

proximity to invasive plants. The most prevalent

invasive species were Rosa multiflora and Berberis

thunbergii. The exposure to invasives of plants in

different size classes varied among populations. Inva-

sive species presence increased with greater ginseng

population sizes and presence of harvest. The abun-

dance of invasives plants within forest interiors near

this valuable medicinal herb suggests that the eco-

nomic and ecological costs of competitive interactions

with native species could be high.

Keywords Invasive species � Panax quinquefolius �
American ginseng

Introduction

Invasive species are economically and biologically

damaging to the ecosystems in which they have been

introduced (Pimentel et al. 2005; Wilcove et al. 1998).

Escape from natural predators and pathogens (Callaway

and Aschehoug 2000; Mitchell and Power 2003; Wolfe

2002), novel ‘‘weapons’’ (Bais et al. 2003; Callaway

and Ridenour 2004), photosynthetic efficiency (Nagel

and Griffin 2004), fast growth and prolific reproduction

are some of the attributes of successful invasive plants

(Kolar and Lodge 2001). Invasive plants can even

change ecosystem properties such as soil chemistry

(Ehrenfeld and Scott 2001) or ecosystem development

(Vitousek et al. 1987). Most invasive plant species

compete with natives for limited resources and some

exude allelochemicals from their roots or through foliar

leaching (Dorning and Cipollini 2005; Heisey 1990,

1996; Rose et al. 1983). Removal of established,

invasive plants has been shown to cause an increase in

native recruitment and diversity, thus suggesting they do

suppress native species (McCarthy 1997; Thomson

2005). Those findings have considerable implications

for forest regeneration following an invasion.

While literature on the effects of non-native

invasive species on native species is extensive, no

studies have examined the importance of invasives for

economically valuable, native medicinal plant species.

One widespread medicinal plant is American ginseng

(Panax quinquefolius). Ginseng is an herbaceous

perennial found within eastern deciduous forest

K. Wixted (&) � J. B. McGraw

Department of Biology, West Virginia University,

Morgantown, WV 26506-6057, USA

e-mail: kwixted0@yahoo.com

J. B. McGraw

e-mail: jbmcgraw@wvu.edu

123

Biol Invasions

DOI 10.1007/s10530-008-9301-7



interiors of North America. Ginseng is a flagship

species that is not only important in an economic sense

but also the harvest has great social and cultural

significance, particularly in Appalachia (Bailey 1999).

Currently, ginseng is uncommon, rare or endangered

in most of its range (USDA 2007). Due to high levels

of harvest and declining populations, ginseng harvest

is listed on Appendix II of CITES (Convention on the

International Trade in Endangered Species of Wild

Fauna and Flora) (Robbins 2000; USFWS 2005).

Despite this listing, there is still a great need for more

information on the population and conservation status

of ginseng (Robbins 2000), especially since invasive

species pose some of the greatest threats to rare and

endangered species (Wilcove et al. 1998).

Ginseng is a long-lived, slow-growing herb (Char-

ron and Gagnon 1991) with populations that are

threatened by poor harvest practices (Van der Voort

and McGraw 2006), deer browsing (McGraw and

Furedi 2005) and inbreeding along with reduced

genetic diversity (Cruse-Sanders and Hamrick 2004;

Mooney and McGraw 2007). Similar to other under-

story forest species, P. quinquefolius forms vesicular-

arbuscular mycorrhizal (VAM) associations (Seo and

Anderson 1990) which allow P. quinquefolius to

survive in a range of soil conditions, particularly

those that are phosphorus limited (Anderson et al.

1993). Allelopathic invasive plants produce chemical

constituents that have been found to inhibit mycor-

rhizal colonization and growth (Roberts and

Anderson 2001; Rose et al. 1983; Stinson et al.

2006), and would be expected, in turn, to negatively

affect species dependent on those associations.

As a widespread, long-lived and slow-growing

species of forest interiors, ginseng’s exposure and

susceptibility to invasive species is unknown. On one

hand, many invasives occupy disturbed habitats

(Hobbs and Huenneke 1992; Marvier et al. 2004;

Stolgren et al. 1999), which are uncharacteristic for

forest herbs such as ginseng (Anderson et al. 1993).

However, the diversity of habitats ginseng occupies

(McGraw et al. 2003), the fact some invasive plants

do penetrate undisturbed forests (Ehrenfeld 1997;

Knapp and Canham 2000; Nuzzo 1999; Weber and

Gibson 2007), and the long lifetimes of ginseng

plants, suggest that the effects of invasives could be

important. Furthermore, given ginseng’s widespread

occurrence in eastern deciduous forests (Charron and

Gagnon 1991), ginseng may be exposed to invasives at

rates similar to other understory herbs. A study by

Anderson et al. (1993) in Illinois found some of the

most common herbs within ginseng populations

included Smilacina racemosa, Arisaema triphyllum,

Sanicula marilandica, Phryma leptostacha, Podophyl-

lum peltatum, Circaea quadrisulcata, Sanguinaria

canadensis, Galium circaezans, Geranium maculatum

and Osmorhiza claytonia. With their similar niches,

such understory species may be exposed to comparable

levels of invasive species.

Given the importance of ginseng and the current

threat of invasive plant species, the purpose of this

study was to address the following questions: (1) What

is the level of exposure of ginseng populations and

individuals to invasive plant species? (2) What species

of invasive plants are most abundant within ginseng

populations? (3) Are all size classes of ginseng equally

exposed to invasive plants or are certain stages more

exposed than others? (4) Is presence of invasive species

predicted by population size, elevation, latitude, and/or

previous harvest?

Methods

To assay invasive species, presence/absence data

were recorded in 30 natural ginseng populations over

the course of 2 years (2006 and 2007). Two years of

censusing were necessary to ensure detection of

invasive species that may have been missed inadver-

tently due to rarity or crypticity. These widely

distributed populations were located in seven states

(IN, KY, MD, NY, PA, VA, and WV), covering

much of the breadth of ginseng’s natural range

(Fig. 1). The surveys were performed in mid to late

May when the individual ginseng plants had fully

emerged from dormancy and were least likely to have

been deer browsed. Dormant plants were not sur-

veyed; however plants that had emerged but had

evidence of deer browse were included. Most pop-

ulations were located within mixed mesophytic

forests with tree species such as sugar maple (Acer

saccharum) and tulip poplar (Liriodendron tulipifera)

dominating the overstory (Table 1). Populations were

located in a range of elevations and latitudes repre-

sentative of the wide variety of habitats that ginseng

occupies (Table 1). Furthermore, a few populations

were located within marginal or atypical habitat for

ginseng and some have been previously harvested.
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The invasive species survey was done while

censusing ginseng for a long-term demographic

study. Within each population, plants were located

each year using a series of digital photographs,

distances and directions to individuals that were

cryptically tagged with engraved aluminum nails.

New seedlings and new plants were given new nails

and identification numbers as they were found, and

the leaf number of each plant was recorded to

delineate size classes. A total of 4,540 ginseng were

surveyed in 2006 and 4,279 in 2007.

Traditionally, presence-absence surveys utilize ran-

domly placed transects or quadrats to sample species

occurrence (McIntyre et al. 1995; Weber and Gibson

2007). However, the aim of this paper was to examine

the level of exposure of only ginseng plants. There-

fore, invasive species’ presence data were collected on

a plant-by-plant basis to determine the total proportion

of individuals exposed to invasive plants as well as the

frequency of invasive plants at each site. Invasive,

herbaceous plants were recorded as present if they fell

within a 2 m radius of a ginseng plant, while shrubs

were recorded as present if within 5 m, and trees if

within 10 m. These distances were conservatively

chosen to represent the outer limits of distances at

which the invasive plants may competitively or

chemically affect ginseng. For example, allelopathic

trees such as tree-of-heaven not only emit allelochem-

icals from roots but also from leaf litter (Heisey 1990;

Heisey 1996) which would make 10 m a reasonable

distance for possible effects. These distances may

overestimate the number of plants that presently affect

ginseng but conservatively estimate the number that

are ‘poised’ to potentially impact ginseng in the near

future. For instance, garlic mustard has been found to

spread 5.4 m/year (Nuzzo 1999). Without knowing the

competitive reach of each invasive species, this first

approximation of competitive range was made as a

compromise between these two factors.

Data on invasive species’ presence were used to

calculate the proportion of ginseng populations with

invasive species present as well as the proportion of

ginseng individuals with an invasive plant within a

potentially competitive range. Absence of invasive

species in a population does not imply that they are

not present at the site; only that there were none

within competitive range of ginseng. Relative abun-

dance of the invasive species was compared using the

Panax-centric presence data as well. For those

populations that had invasives, the proportion of

each ginseng size class that had invasives within

competitive range was calculated. Size categories

were based on the leaf number (1, 2, and 3 or more),

roughly corresponding to seedlings, juveniles and

adults (Charron and Gagnon 1991; McGraw and

Furedi 2005). Data were then analyzed using a log-

likelihood test to determine if there were differences

among populations and size classes (‘main effects’ in

the model) in proportion of individual ginseng plants

with invasive species in competitive range. The

interaction term was included to determine whether

size class differences varied among populations.

Fig. 1 Distribution

of invaded and uninvaded

study populations spread

over 7 states in 2007
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Presence of invasive species was related to

ginseng population size, elevation, and latitude using

logistic regression to test the hypothesis that these

environmental variables would predict presence of

invasives. A priori, we expected that small popula-

tions and those from high elevations and latitudes

would have a lower probability of invasive species

presence. For populations with invasive species, we

used linear regression to examine the number of

ginseng plants with an invasive in range as a function

of population size as well as the proportion of

ginseng plants with invasives in range as a function

of population size. Finally, a log-likelihood test was

used to determine if the presence of harvest would

predict presence of invasive species.

Results

Invasive plant species were found in 19 out of 30

ginseng populations (63%) in 2006 and 21 out of 30

ginseng populations (70%) in 2007 (Table 2, Fig. 1).

Table 1 Attributes of study

populations

a Measured in decimal

degrees and rounded for this

table to protect location of

populations

Harvest history (during

census period): N = none,

Y = yes; Overstory:

MM = mixed mesophytic,

AH = Allegheny hardwoods,

OH = oak-hickory

State Population Known harvest

history

Overstory Elevation (m) Latitudea

WV 1 Y MM 775 37.4

WV 2 N AH 764 39.1

KY 3 N MM 314 37.5

WV 4 N AH 758 39.0

MD 5 Y MM 577 39.5

WV 6 Y MM 370 38.5

WV 7 N AH 630 39.0

KY 8 Y MM 148 37.3

PA 9 Y MM 146 40.2

KY 10 N MM 276 37.6

KY 11 Y MM 217 37.8

WV 12 N MM 618 37.8

NY 13 N AH 466 42.5

VA 14 Y MM 743 36.9

PA 15 N MM 230 40.0

WV 16 Y MM 258 38.5

KY 17 N MM 106 37.1

VA 18 N AH 1073 38.2

VA 19 Y OH 595 37.4

WV 20 Y MM 538 39.7

WV 21 Y MM 526 39.7

VA 22 Y MM 591 37.1

WV 23 N MM 333 39.6

KY 24 N MM 167 36.9

NY 25 Y AH 204 42.7

IN 26 Y MM 194 39.9

IN 27 N MM 171 40.0

WV 28 N AH 761 39.1

WV 29 N MM 783 39.1

VA 30 N OH 591 37.0

7 States 30 Populations 46% Harvested 67% MM

27% AH

6% OH
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Furthermore, 10 populations in 2006 had more than

one invasive species while 13 populations had

multiple invasive species in 2007 (Table 2). In

2006, one site, population 9, contained 7 different

invasive species (Table 2).

As with populations, exposure of ginseng individ-

uals within was high. A total of 1,329 out of 4,540

(29.3%) ginseng individuals had an invasive plant

within competitive range in 2006 and 1,584 out of

4279 (37.0%) ginseng were exposed to invasive

plants in 2007.

Twelve invasive species were found within the

study populations. Overall, two herbaceous invasive

species (Alliaria petiolata and Microstegium vimine-

um), eight shrub species (Lonicera japonica,

Lonicera sp., Rosa multiflora, Berberis thunbergii,

Rubus phoenicolasius, Elaeagnus umbellata, Euony-

mus alatus, Ligustrum spp.), and two tree species

(Acer platanoides and Ailanthus altissima) were

found within ginseng populations. Due to the timing

of the survey and the lack of reproductive structures,

the bush honeysuckles and privet were not identified

to the species level. Therefore, the bush honeysuckle

category may have included up to four species

(Lonicera tatarica, L. morrowii, L. x bella and

L. maackii) and the privet category could have

Table 2 Proportion of

ginseng individuals with

invasive plant within

competitive range in each

population in 2006 and 2007

a 2006 only; b 2007 only

AA = Ailanthus altissima,

AC = Acer platanoides,

AP = Alliaria petiolata,

BT = Berberis thunbergii

EU = Eleagnus umbellata,

EA = Euonymus alatus,

LS = Ligustrum spp.,

LJ = Lonicera japonica

LO = Lonicera spp.,

MS = Microstegium
vimineum, RM = Rosa
multiflora, RP = Rubus
phoenicolasius

Population 2006 Invaded/N 2007 Invaded/N Invasive species present

1 57/63 44/44 BTa, RM

2 0/34 0/22 N/A

3 0/433 3/344 RMb

4 26/86 29/87 BT

5 104/175 91/184 AP

6 0/60 0/71 N/A

7 0/11 0/10 N/A

8 0/48 19/38 LOb

9 93/100 90/102 ACa, AP, BT, EUa, LS, LO, RM

10 34/91 44/93 LJ, RM

11 104/281 114/155 LO, MVa, RM

12 14/151 27/138 BT, EAb, LO, RM

13 7/320 3/342 BT

14 44/213 44/153 MVa, RM

15 347/387 421/485 AA, BT, EUa, MVa, RM, RP

16 5/97 0/94 RM

17 10/99 53/65 AAb, LO, LJ

18 9/55 20/45 AP, LOb, RMb

19 251/311 239/241 AP, LO, RM

20 48/126 51/124 RM

21 32/407 39/407 AAb, BT, RM

22 114/130 68/112 BT, LO, LJb, RM

23 0/162 0/104 N/A

24 0/63 126/126 AAb

25 22/76 33/102 BT, LOb

26 8/131 26/126 APb, LOb, RM

27 0/160 0/168 N/A

28 0/100 0/103 N/A

29 0/136 0/159 N/A

30 0/33 0/35 N/A

Total 1,329/4,540 1,584/4,279
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included either Ligustrum obtusifolum or Ligustrum

vulgare. The most abundant invasive species at the

individual and population levels for both years were

multiflora rose (Rosa multiflora) and Japanese bar-

berry (Berberis thunbergii) (Table 2, Fig. 2).

Different size classes of ginseng were not equally

exposed to invasive species, however the specific

pattern varied among populations (population 9 size

class of ginseng interaction; 2006, L - R = 103.049,

P \ 0.0001; 2007, L - R = 83.2903, P \ 0.0001).

In 2006 and 2007, sites such as 1, 9 and 15 all had

greater than 80% invasion in all classes (Fig. 3a, b).

In contrast, sites such as 4 and 18 had higher

proportions of seedlings with invasives in range while

population 11, 12 and 20 had more adults exposed in

2006 (Fig. 3a). In 2007, populations 19 and 24 also

had greater than 80% invasion (Fig. 3b). Also in

2007, population 4 had mostly seedlings exposed

while population 18 had mostly juveniles and pop-

ulations 11 and 20 had more adults (Fig. 3b).

In 2006, there was no clear propensity for larger

populations to contain invasive species (v2 = 2.191,

P = 0.1388), however in 2007, there was a significant

positive relationship between population size and

presence of invasives (v2 = 4.726, P = 0.0297). For

populations with invasive plants, the number of ginseng

individuals with invasives in range was positively

related to population size in 2006 (slope = 0.429468,

P = 0.0199) and 2007 (slope = 0.3899218, P =

0.0156). However, in invaded populations, the propor-

tion of individuals with invasives in range was not

related to population size in either year (slope =

0.0005, P = 0.9469; slope = -0.0005, P = 0.3903).

Elevation did not significantly affect the presence

of invasive species in 2006 or 2007 (v2 = 0.012207,

P = 0.9120; v2 = 1.2622, P = 0.2612), nor did

latitude (v2 = 0.609945, P = .4348; v2 = 1.2622,

P = 0.2612). In 2006 and 2007, previously harvested

populations were more likely to contain invasive

species (L - R = 6.016, P = 0.0142; L - R =

5.6599, P = 0.0174).

Discussion

Documenting the presence of an invasive plant

species in a community is of limited value with

respect to estimating potential impact. Using indi-

vidual plants of a native species as a phytometer

(Antonovics and Primack 1982), however, comes

closer to quantifying potential impact. This study is

the first attempt to document the level of exposure of

a particular understory herb to invasive plant species

on a plant-centric basis across much of its range.

Past land use history may explain the presence of

invasive plant species (Lundgren et al. 2004), partic-

ularly at sites containing multiple invasive species

and high numbers of invasion. Population 9 had the

highest diversity of invasive species and was located

in a small tract of land fragmented by housing

development which may explain the presence of

ornamental species such as Ligustrum spp. Another
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population, 1, which contained a high level of Rosa

multiflora, was previously disturbed by municipal

activity and is also bordered by agricultural fields. In

the case of population 15, it had nearby agricultural

fields. While these populations of ginseng were

within marginal habitats for the species, in such

environments invasive species may have a negative

consequence for continued persistence. With

increased suburban sprawl and forest fragmentation,

an increasing fraction of ginseng populations may be

found in these environments.

Site-specific factors may explain the differences in

invaded size classes of ginseng by population.

Populations 1, 9 and 15 were located within marginal

habitat, which could explain the high levels of

invasion among all size classes. The high level of

invasion among the seedling class at population 18

may have been due to greater recruitment near the
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edge of the forest, closest to light gaps where many of

the invasives reside. In 2006, a higher proportion of

seedlings at population 11 had invasives in range,

while a recent harvest in 2007 removed half of the

adults from the population in a portion of the site that

was least invaded.

The increased likelihood that larger populations

of ginseng were invaded and contained multiple

invasive species was most likely due to the fact that

larger populations covered more area, thus increas-

ing the probability of encountering invasive species.

If this were not the case, then the proportion of

individuals with invasives in range would have also

been a function of population size, and this was not

found.

Harvested populations also tended to have inva-

sive species. Removal of ginseng for harvest disturbs

the litter layer and may facilitate colonization by

invasives or other species, depending on availability

of propagules. How species react to disturbance

depends not only on characteristics of the disturbance

(size, intensity, and timing) but also the attributes of

surrounding species (Hobbs and Huenneke 1992).

Several of the harvested populations were in atypical

and marginal habitat, close to edges in which humans

could easily access, harvest and disturb the landscape

to allow invasive colonization. Species such as

A. petiolata are not facilitated by litter disturbance

(Meekins and McCarthy 2001), yet others such as

M. vimineum have been found to positively respond

(Oswalt and Oswalt 2007). Humans may further

function as vectors for invasive plants by accidentally

importing seeds on their shoes, clothing and

equipment.

Invasives such as Rosa multiflora (affecting 13.9–

14.9% of ginseng plants) and Berberis thunbergii

(affecting 8.3–10.9% of ginseng plants) were the

most ubiquitous invaders among ginseng individuals

and populations. R. multiflora has been found to be

one of the most frequent invasive plants in an old

growth forest in Indiana (Weber and Gibson 2007),

and within forest fragments (Brothers and Spingam

1992). Another study found both invasive species to

be dominant across their sites (Lundgren et al. 2004).

R. multiflora has been found to create dense thickets

which may competitively exclude native species,

while Berberis thunbergii may alter the microbial

community structure within soils in as little as

3 months (Kourtev et al. 2002; Kourtev et al. 2003).

Dispersal patterns of the invasives found on

ginseng sites may explain their presence in forest

interiors. Birds and mammals have been found

to disperse many of the invasive honeysuckles,

R. multiflora and B. thunbergii (Vellend 2002; Myers

et al. 2004; Ehrenfeld 1997). Indeed, some invasive

plants were originally planted for wildlife forage

(Dyess et al. 1994; Ehrenfeld 1997; Handley 1945;

Steavenson 1946). L. tatarica was even found to be

preferentially selected by frugivores (Drummond

2005). Long distance dispersal and ability to invade

canopy gaps by species such as A. altissima may also

explain presence in forest interiors (Knapp and

Canham 2000; Landenberger et al. 2007).

The abundance of particular invasive species

changed between 2006 and 2007. Although there

were exceptions, most differences between years

were not interpreted as reflecting spread or decline of

the invasive species. In the case of bush honeysuckle

(Lonicera sp.), more was found in 2007, but this is

likely due to increased detection of this species group

by surveyors after unexpectedly encountering them in

the first year. However, the greater presence of

Ailanthus altissima in 2007 than in 2006 was due to

new colonization by seedlings in four previously

uninvaded populations. Lonicera japonica, known to

produce dense mats of vegetation which excludes

native seedlings (Hardt 1986; Myster and Pickett

1992), had increased presence around ginseng indi-

viduals between 2006 and 2007. The absence of

Microstegium vimineum, Acer platanoides, and

Euonymus alatus in 2007 was due to the dormancy

or death of ginseng individuals near them, though the

invasives were still present. The same occurence

happened in population 16, in which no invasives

were recorded in competitive range of ginseng in

2007. Between 2006 and 2007, a late frost also

caused many ginseng individuals to go dormant or

die, which caused a decline in total ginseng popula-

tion numbers and potentially an increase in the

percentage of invasives. Several populations were

further harvested between the 2 years which could

also account for changes in invasive presence/

absence.

Several invasive plants found in ginseng popula-

tions have allelopathic properties. L. maackii extracts

from leaves and roots on seed germination revealed

significant decreases in germination of 3 herb species

(Dorning and Cipollini 2005). A. altissima also has
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been found to reduce growth of seedlings from

several crop species (De Feo et al. 2003; Heisey

1990; 1996). Garlic mustard is another allelopathic

species whose extracts were found to reduce germi-

nation and colonization of mycorrhizae of several

crop species (Prati and Bossdorf 2004; Roberts and

Anderson 2001) as well as reduced the growth of

arbuscular-mycorrhizal fungi (AMF) dependent tree

species (Stinson et al. 2006). Changes in arbuscular-

mycorrhizal fungi can have not only individual

effects on host plants but also population and

community level impacts (Smith and Read 1997).

Overall, a high level of invasion was found within

ginseng populations and within competitive ranges of

ginseng. Given ginseng’s widespread distribution

within eastern deciduous forests, it is probable that

other similar understory plants experience a compa-

rable level of exposure. The presence of multiple

invasive species within ginseng populations also

presents the possibility of inter-invasive facilitation

through factors such as soil modification (Jordan

et al. 2007). Alteration of soils by allelopathy (Heisey

1990; 1996; Prati and Bossdorf 2004; Roberts and

Anderson 2001; Stinson et al. 2006) or through litter

inputs (Wolfe and Klironomos 2005) may change

nutrients in soil which could impact vegetative and

reproductive success in ginseng (Shahi 2007). Inter-

actions between invasive species and ginseng may

have undesirable effects on demography of ginseng,

especially in addition to the current pressures of

harvest and deer browse.
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