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Abstract 

 

The management of invasive species in order to protect native populations is 

widespread, with federal, state, and non-governmental organizations pursuing a variety of 

invasive species eradication or mitigation strategies.  In the late 1990’s, The Nature 

Conservancy (TNC) documented a rise in five invasive plant species (Berberis thunbergii), 

bittersweet (Celastrus orbiculatus), garlic mustard (Alliaria petiolata), buckthorn (Frangula alnus), 

and honeysuckle (Lonicera morrowii) on the periphery of the relatively intact and uninvaded 

~36,000 acre Berkshire Taconic plateau. In 2002, TNC piloted a large-scale herbicide-based 

removal program on 9,000 acres of the federal, state, and privately protected land with the 

goal of reducing invasive cover to less than 10%.  As no assessment mechanism was 

designed a-priori, the goal of this study was to determine as best as possible whether 

treatment had achieved the stated goal.  All of the five target invaders were present across 

the treated sites five years post-treatment. The level of invasion was significantly above 

TNC’s goal 10% cover threshold, in part due to the high abundance of garlic mustard. When 

garlic mustard was omitted from the analysis, both treated and untreated sites met the 10% 

threshold.  Surprisingly, the high level of invasive cover did not have a significant negative 

impact on native cover.  I suggest that this case study is emblematic of a widespread problem 

in conservation management, and suggest that rigorous evaluation mechanisms need to be in 

place prior to the implementation of invasive species removal programs.    
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Introduction 

 

Biological plant invasions can be both detrimental to ecosystems and the services 

they provide (Mack 2000). Even if the eradication of a plant invader is desirable in theory, it 

is often not physically or economically feasible once an invasion has grown to cover a large 

area (Mack 2000; Leung 2002). Nevertheless, myriad federal, state, and non-governmental 

organizations work to eliminate and control the spread of invasive plant species, which 

cumulatively cost tens of billions of dollars in damage to agriculture, industry, and the health 

of wildlife and natural ecosystems (Mack 2000; Pimentel 2005). Despite the economic 

importance, and great scientific interest in the topic, the basic questions about invasive 

species and invasive remediation remain: 1) what species are likely to be invaders and where 

will they invade? 2) what invaders will inflict harm to ecosystem properties sufficient to 

warrant their removal? and 3) how successful are eradication efforts?  While there is a great 

deal of literature discussing the first two questions (Daehler 2003, Callaway 2004, Rejmanek 

1996, Burke & Grime 1996), the third is not nearly as well studied (Sutherland 2000), and the 

evaluation of one such program is the focus of this paper.  

Most programs that focus on invasive plant removal have little or no funding for 

post-removal monitoring in order to ensure that their goals have been met and the invasive 

species removed (Marx 2008; Sutherland 2000). Lack of experimentation and long-term 

monitoring makes it difficult to document success post management. While many of the 

world’s largest conservation-oriented non-governmental organizations (NGOs) view 

invasive species as a major threat to native ecosystems (TNC.org, DOW.org, MEA, Mack 

2000), the challenge of controlling invaders often falls to local branches of government and 

non-governmental organizations in the absence of national or international-scale programs. 
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Given the tight budgets of these organizations, it is in some sense not surprising that most 

money is spent on invasive removal and not on post-treatment monitoring, but this makes 

outcome evaluation problematic.  

Invasive plant species removal techniques include physical removal, herbicide 

treatment, and biocontrol treatment, all of which have been employed to reduce the cover of 

a wide variety of invasive plant species, though a combination of techniques are often 

employed (Barnes 2004; Reinartz 2002;Wilson 1995). Once established and integrated into 

an ecosystem, invasive species are exceedingly expensive and difficult to remove (Mack 

2000). Over small spatial scales physical removal may be successful, but it is expensive and 

extensive seed banks in the soil can persist long after the plant itself is removed. Thus, a 

successful manual removal program of European Beachgrass in Northern California 

required repeated removal of invaders as well as litter and duff (Pickart 1998). Although 

costly, such efforts can benefit native species, for example the physical removal of invasive 

buckthorn (Frangula alnus) has been shown to facilitate the recovery of seedlings and native 

herb diversity (Frappier 2004).   

Like physical removal, herbicide treatment is expensive, labor intensive, and can 

potentially impact native species.  Whether or not it is effective depends largely on the 

invader.  For example five years of herbicide application to garlic mustard (Alliaria petiolata) 

killed visible garlic mustard plants and had few negative impacts on native herb and seedling 

species richness or diversity (Hochstedler 2007). However, it did not suppress further 

recruitment of the invasive herb from its seedbank (Hochstedler 2007).  

Despite their potential in treating small-scale invasions, it is rare that physical or 

herbicide-based removal programs are feasible when invasions cover whole regions.  At this 

scale, biocontrol is the most commonly attempted treatment, but is not without its own 



 

 4 

risks, and spectacular failures at the expense of non-target plants and insects (Louda 1997; 

Daehler 1997; Simberloff 1996). However, for rapidly reproducing and spreading invaders 

that already cover large areas, biocontrol is the only viable treatment choice if near total 

eradication is the goal.  

Eradication of widespread invaders is rarely, if ever, successful, but it is not the only 

goal of conservation organizations.  Where invasions occur on the periphery of relatively 

intact systems, physical removal and/or herbicide are potentially viable alternatives to keep 

well-established and widespread invaders out of particularly valuable native-dominated 

landscapes.  Such an approach has been employed to try to slow ginger (Hedychium 

gardnerianum) invasion in Hawai’i for many years (S. Porder, pers. obs), and has recently been 

employed by The Nature Conservancy (TNC) in the 36,000-acre Berkshire Taconic Region 

of western Massachusetts.  For the past eight years, TNC has been funded by Congress to 

protect this relatively uninvaded forest core from increases in five common invaders: 

barberry (Berberis thunbergii), bittersweet (Celastrus orbiculatus), buckthorn (Frangula alnus), garlic 

mustard (Alliaria petiolata), and honeysuckle (Lonicera morrowii). 

TNC’s stated goal was to reduce invasive species cover to less that 5% and 

realistically 10% of the forest core in order to promote seedling regeneration.  Unfortunately, 

preliminary data was not collected in such a way that facilitated post-treatment assessments 

of success - percent cover was not measured prior to treatment, and comparable treated and 

untreated pairs were not created.  Within this context, I asked two questions.  1) Was it 

possible to ascertain whether TNC’s herbicide treatments reduced the cover of invasive 

species to the target levels? and 2) did the presence of invaders suppress native seedlings and 

vegetation?    
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Methods 

 

Invasive Species Removal Program 

The Nature Conservancy considers the Berkshire Taconic Plateau one of the most 

ecologically significant intact blocks of forest in the Northeastern United States and has been 

working to preserve it since 1993. The region supports a wide range of migratory birds and 

mammals, and includes several ecologically rare habitats such as calciferous wetlands, dwarf 

pitch pine-scrub oak ridge tops, limey rock ledges, and talus slopes (Marx 2008). TNC 

researchers have concluded that one of the greatest threats to the integrity of the forest 

block is the alteration of species composition and structure as a result of plant invasions 

(Marx 2008). This concern led TNC to survey the extent of invasive species cover within the 

36,000-acre forest block in 2000 and 2001. TNC selected 268 5x5meter plots along roads, 

recreational trails, and paired on/off-trail forest plots to determine the level of infestation of 

ten non-native invasive plants (Sadighi 2000). They measured the frequency of invaders 

(from 1 to 5 species) in each randomly located 25m2 plot. They found that the periphery of 

the forest core was significantly more invaded (p<0.001) than the forest core; 73.5% of plots 

on peripheral year-round roads had invaders, while only 23.3% of the interior seasonal roads 

had invaders. Paired on and off trail levels of invasion were not significantly different. While 

this survey measured the frequency of invaders with the plots, TNC’s 5% and 10% threshold 

goals were expressed in area percent cover. The goal of this survey 2000 was to serve as a 

baseline for future surveys in order to model the dynamics of plant invasions over the long-

term; however, there has been no follow up to this initial survey.  

After determining that invasion was higher along the plateau periphery, TNC 

launched the Weed It Now (WIN) program in 2002 with the goal of treating 9,000 acres of 
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the plateau periphery with herbicide to remove five of the most common invasive species. 

The WIN program was a five-year, $1 million pilot program funded by a congressional 

earmark and executed by licensed contractors. The contractors were given detailed maps of 

the target invaded areas and specific treatment protocols for each invader. Using the 

herbicide glyphosate, teams of contractors traversed the target areas and sprayed the foliage 

of invaders. Bittersweet vines were cut before herbicide treatment to reduce the volume of 

herbicide used and potential non-target impacts on native plant species. As is the case with 

many conservation management programs, outside of observational monitoring, TNC did 

not set up a protocol to evaluate the impact of the herbicide treatment on target species. In 

2004 TNC funded an ecological consultant to evaluate the non-target impacts and the 

treatment kill rate of dense barberry tickets, but until this study there had been no 

assessment as to the landscape-scale efficacy of the program (Batcher 2004).  

 

Targeted Invasive Plant Species 

 The five invasive plant species targeted by WIN are all established invaders 

throughout the Northeast. Barberry commonly invades second growth forests and first 

invaded the Berkshire Taconic Landscape in 1920 (Silander 1999). It is a perennial shrub 

dispersed primarily by birds that grows at a moderate rate with multiple stems to ensure a 

low plant mortality rate (Silander 1999; Ehrenfeld 1999). Additionally, barberry can 

reproduce both vegetatively and by seed, which enables it to rapidly form dense and 

persistent communities (Ehrenfeld 1999). Once it is established in the under story, barberry 

becomes so thick that it crowds out light available to native plant species and tree seedlings 

(Silander 1999). Its dense tickets reduce biomass in co-occurring native species and even 

after removal the recovery of native species is slow (Silander 1999).  
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Similar to barberry, buckthorn crowds out and reduces the diversity of plants in the 

forest understory, and has lasting negative impacts on native seedling and native herb 

abundance (Frappier 2003). Buckthorn is a perennial shrub that reaches up to 12 feet in 

height and is primarily dispersed by birds (USDA Plants Database; Bas 2006). There are 

several physiological characteristics that make buckthorn a successful invader in forest under 

story communities, such as shade tolerance, high fecundity, rapid growth, high 

photosynthetic rates, drought tolerance, and success in disturbed areas (Knight 2007).  

Buckthorn also alters soil properties, increasing decomposition rates, soil nitrogen, and 

earthworm invasions, while negatively impacting natives through allelopatry (Knight 2007; 

Heneghan 2006).  

Honeysuckle is also an allelopathic, perennial shrub that reaches approximately 6.5 to 

8 feet in height (USDA Database). It is a phenotypically plastic invader that is widely bird 

and deer dispersed (Bartuszevige 2006; Myers 2004). While it is very shade tolerant, 

honeysuckle maintains a high specific leaf area and can rapidly grow to take advantage of 

increased sunlight (Schierenbeck 2004; Schierenbeck 1992). Additionally, it can climb hosts 

to take advantage of light conditions and increase overall fitness (Schweitzer and Larson, 

1999). Without the support of a host, honeysuckle forms dense monospecific mats across 

the understory and open fields, effectively excluding other native plant species (Hardt, 1986).  

Bittersweet is a perennial, woody vine that can grow up to 60 feet in length and five 

inches in diameter. It thrives in disturbed landscapes and can grow in full sun to partial 

shade (USDA Plants Database). Bittersweet relies primarily on yearly seed production rather 

than a seed bank to recruit (Ellsworth 2003). It aggressively competes with native plants and 

trees for space, water, and nutrients, commonly by climbing and shading out the leaves of 

trees (Randall 1996 book). A full-grown bittersweet vine can restrict the sap flow of its host 



 

 8 

tree and in heavy infestations can make the treetop heavy and vulnerable to wind damage 

(Schnitzer and Bongers 2002; Randall 1996). Its competitive advantage appears to lie in its 

ability to survive and photosynthesize at very low light levels, and then quickly respond to 

increased sunlight with rapid growth (Ellsworth 2003).  

Lastly, garlic mustard is a self-pollinating biennial herb that ranges from 1 to 4 feet in 

adult height. Its first year rosettes form dense, monospecific stands that dominate under 

story communities (Meekins 1999). In addition to being allelopathic, garlic mustard reduces 

tree seedling regeneration and decrease species diversity in under story forest communities 

(Stinson 2007). It is primarily wind dispersed and is capable of producing up to 100,000 

seeds per m2 (Cavers 1979). Garlic mustard poses a particularly difficult management 

problem because it spreads rapidly and its seed bank persists in the soil for up to five years 

(Nuzzo 1999). After year two of WIN garlic mustard was so widespread and its seed bank so 

difficult to eradicate with herbicides that TNC decided not to base new treatment sites on its 

presence alone. It is important to note that if garlic mustard was present on an otherwise 

invaded site, it was treated along with any other target and recognizable invader.  

 

Site description 

Within the 9,000-acre periphery being treated over five years, I focused on four sites: 

two comparable untreated (site 1) and treated sites (site 2) on the western side of the Jug 

End State Reservation, one treated site on the eastern side (site 3), and a treated TNC 

property named Dolomite (site 4) approximately 8 km from Jug End (Figure 1). Sites 3 and 4 

had no comparable untreated area with similar slope, aspect, and proximity from roads.  

From this point forward, each site will be referred to numerically. TNC's initial survey found 

high level of invasions at all four sites, but there were only a few survey plots in those areas 
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(11 at sites 1-3, ~2 at site 4). Initial treatment of sites was typically in the fall and with 

retreatment the following spring through fall. The sites 2 and 3 were treated in 2002-2004, 

and site 4 was treated from 2003-2004.  While sites 1-3 have a variety of land use types, I 

focused on mixed hardwood forests dominated by sugar and striped maple (Acer saccharum 

and A. pensylvanicum), with pockets of hemlock (Tsuga canadensis). The understory community 

in the hardwood regions is sparse, and virtually absent in Hemlock-dominated areas. All sites 

where I sampled are relatively flat (0-4%), though four of my sampling locations were on 

steeper (~9%), Hemlock-dominated slopes. The soils at sites 1-3 are fine sandy loams (Typic 

Haplorthod, USDA).  Site 4 is similar in terms of species and soils, but is located directly 

adjacent to highway 41, a major road, while sites 1-3 are set back two miles from highway 41.  

Within Jug End, treated site 3 is on the edge of the forest adjacent to abandoned orchards. 

Untreated site 1 and treated site 2 are located adjacent to one another within the forest core, 

though site 2 is slightly closer to the road.  

 

Sampling Design 

At each site I chose 10 transects that started at a randomly generated GPS point 

along the trail.  From each GPS point, I set up a 100 meter by 2 meter transect perpendicular 

to the trail (Figure 2). On each transect, I recorded two sets of data: frequency data and 

percent cover data.  For frequency data, I recorded the presence or absence of each invader 

species as well as the number of native trees and native tree seedlings for every 1m2 on either 

side of the transect tape. These frequency data indicated the presence or absence of an 

invader within the 1m2, so, for example, one garlic mustard plant was the same as three in a 

given m2.   For the percent cover data, I used a gridded quadrat to estimate percent cover in 

11 1m2 plots spaced at 10m intervals along each transect.  I categorized the cover as bare 
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ground, native fern, native tree seedling, native herb, native tree, or invader by species.  

From here forward I use native understory plants to denote native herbs, ferns and trees, 

and I refer separately to native seedlings. Overall plant cover refers to both of the categories. 

The data below are presented in three groups – invaders, native seedlings, and native 

understory plants.  

 

Results 

 

Treatment and Invader Abundance 

Invasive species cover was below the 10% threshold goal (p<0.001), but not 

significantly lower in untreated site 1 than the comparable treated site 2 (3.4±1.7% and 

3.9±1.1%, respectively, p = 0.81) (Figure 3). Sites 3 and 4 had invasive cover well above 

even the 10% threshold (17±3.8% and 30±5.6%, respectively). The frequency of invaders, 

measured in presence/absence along the transects, did differ between sites 1 and 2, with 

higher invasive frequency in the treated site (8.2±3.1% vs. 17.6±7.4%, p=0.33). The 

frequency of invaders was not significantly different from 10% at either site (p=0.57 at 

untreated site 1 and p=0.33 at treated site 2). The frequency of invaders at sites 3 and 4 was 

60±9.7%, and 66±10%, both significantly above the 10% goal. 

Since garlic mustard is a relatively recent invader, and TNC has since stopped basing 

treatment on its presence, we explored the cover of the four other invaders alone.  

Removing garlic mustard from the percent cover data set does not significantly change the 

cover on untreated site 1 (p=0.32), but it does significantly reduce the invader cover on 

treated site 2 to 1.32±0.15% (p=0.003), which is significantly below the 5% threshold.  
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While removing garlic mustard from the percent cover data set reduces cover at sites 3 and 4 

to below 10%, only site 4 is significantly below (p=0.0001).  Removing garlic mustard from 

the frequency dataset does not significantly effect frequency at sites 1 and 2, and does not 

significantly reduce sites 3 and 4 invader frequency below the 10% threshold (p<0.0001 and 

p=0.37, respectively). Sites 3 and 4 were heavily invaded by garlic mustard, which accounted 

for !  9 and 27 % of the cover, respectively.  

 

Individual Invaders 

Untreated site 1 had significantly more barberry than treated site 2 (p=0.05) and 

treated site 1 had significantly more garlic mustard than untreated site 1 (p=0.008) (Figure 4 

A and B). The frequency of barberry was significantly higher on untreated site 1 than treated 

site 2, but treated site 2 had significantly higher frequency of garlic mustard, bittersweet, and 

honeysuckle (Figure 5 A and B). The frequency of barberry, bittersweet, and garlic mustard 

were all above 10% threshold on treated site 3, as were bittersweet and garlic mustard at site 

4 (Figure 5 C and D). 

On site 3, where bittersweet cover was the highest (5.05±0.95%), there was a 

significant positive correlation between bittersweet cover and native understory plant cover. 

Additionally, on site 4 where garlic mustard was the highest, 27.8±3.0%, there was a 

significant positive correlation between garlic mustard cover and native understory plant 

cover. Throughout all of the sites, no negative relationship was found between the cover of 

individual invaders and native understory plant cover.   
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Invaders Impact on Native Plants 

Because each quadrat sums to 100% cover, I regressed the cover of native species 

against the remaining cover of invasive species in order to determine whether the cover of 

invaders has an independent effect on the cover of native understory plants.  The two sites 

with the highest level of overall plant cover, sites 3 and 4 with 59.1±3.0% and 67.5±3.2%, 

had significant positive correlation between invasive plant cover and native understory plant 

cover to the 10% level of significance (p=0.085 and p=0.076) (Figure 6 C and D). While the 

cover of native understory plants at treated site 2 was significantly higher than at untreated 

site 1 (29.0±3.0% and 36.4±3.1%, p=0.03), I found no significant relationship between total 

or individual invasive species and native understory plants (p=0.77 and p=0.27).  

Additionally, untreated site 1 has significantly more bare ground than treated sited 2 

(67.7±3.2% and 59.7±3.3%, p=.03). Sites 3 and 4 had higher percent cover of native plant 

species, 42±2.6% and 38±3.1%, and less bare ground, 41±3.0% and 33±3.2% than sites 1 

and 2.  These data suggest that the abundance of native understory plant and invasive species 

does not depend on one another; instead, the abundance of each depends on site’s 

environmental factors. 

The percent cover of native seedlings was not significantly correlated with the 

percent cover of invaders across all quadrats (n=440, p=0.51; Figure 7). However, in 

contrast to my expectation, the frequency of invasive species was positively correlated with 

native tree seedling abundance across every transect meter (n=400, p=0.03; Figure 8). There 

was no significant difference between the percent cover of seedlings on the two comparative 

sites 1 and 2 (p=0.49); however, there was a significantly higher frequency of seedlings on 

untreated site 1(p<0.001). The frequency of seedlings varied by an order of magnitude 

between the two heavily invaded sites 3 and 4 (396±130 and 32.3±5.3 seedlings per transect 
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for sites 3 and 4, respectively. Additionally, across all sites there was no correlation between 

the cover of overall or individual invasive species and native seedling cover. 

 

Discussion 

 

In many ways, TNC's efforts to eradicate plant invaders are indicative of the 

conundrum that invasive species pose for land managers. The Berkshire-Taconic Plateau has 

been under conservation since the early 20th century and is the focus of TNC’s conservation 

efforts in the region. The penetration of novel organisms into relatively intact, high diversity 

landscapes, as seen in the Berkshires, is a cause for concern.  Similar concerns across the 

world make the management of invasive plants a multi-million dollar enterprise (Mack 2000), 

but the success of management is rarely evaluated. Because the kill rate of herbicide 

treatment is high, it is sometimes inferred that such techniques work to reduce overall 

abundance in the long-term. Consequently, treatment is given priority over monitoring, 

which leads to a large discrepancy between practice and evidence (Sutherland 2000). 

Additionally, there is no agreed upon framework that identifies invaders likely to cause 

severe damage or that even defines severe damage, and thus land managers are left to decide 

the value of the ecosystem they manage, which species pose the greatest threat to that value, 

and how much money to spend on eradicating the invaders. This decision is often made at 

the local level, as no country has an overarching plan for dealing with invasive species.  

In this context, it is not surprising that TNC's effort to reduce invasive cover in the 

Berkshires is difficult to evaluate. I found very little suggestion that the treatment was 

effective at the regional scale, but was unable to evaluate this statistically because there was 

only one site with comparable treated and untreated areas.  However, these data offer some 
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insight into one of the major justifications for invasive species removal programs - that 

invaders diminish native biodiversity and have deleterious effect on native seedling 

regeneration. My data suggest that while invasive species may take up space native species 

could potentially occupy, they do not negatively impact the abundance of native understory 

plants and seedlings.  It is important to note, however, that I do not have data on native 

species composition, which may be adversely affected by invasion even if abundance is not 

(Hejda et. al. 2009).  Such effects need more attention, and it is not my intention to suggest 

that the lack of impact on native abundance should be taken as evidence that these plant 

invasions are benign.   

It is clear that abundant invaders can crowd out natives, as I found quadrats with 

almost 100% invader cover and thus only a few natives.  Ideally, managers would be able to 

define a threshold of invasive cover, below which impacts on natives are negligible, or at 

least acceptable. However my data suggest that abundance of natives and invaders is positively 

correlated, suggesting both are responding more to site characteristics than each other. For 

example, sites 3 and 4 were closest to the forest edge and running water, and had the highest 

levels of overall plant cover. On the other hand, hemlock groves had almost no understory 

(native or invader) plant cover. Although several of the invaders in this study have 

allelopathic negative impacts on native plant species, I did not find support for this assertion 

at the landscape scale, at least in terms of native abundance (Stinson 2007).  

Of all the invaders, garlic mustard may be the most likely to negatively affect natives, 

its rapid dispersal and effects on both native seedling regeneration and biogeochemical 

cycling have been well documented (Stinson 2007).  Yet garlic mustard’s abundance in all 

treated sites indicates that an herbicide-based approach is unlikely to be successful in 

reducing its cover. It is known to have a persistent seed bank to recruit from (Nuzzo 1999), 
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which prompted TNC to stop basing new treatment sites solely on its presence in the 

understory. In the face of continued new invasions, it is worth asking whether and how the 

success of invasive removal programs should be evaluated.  At the least, I suggest that 

invasive species removal programs be designed to test the efficacy of treatment. Removal 

programs that set up experimental protocols are more effective in monitoring treatment and 

measuring recovery of native species (Brook 2007; Farnsworth 1995; Liley 2005; Smith 

2008). My study provides evidence that supports the conclusion that it is almost impossible 

to evaluate the efficacy of a program without an initial design that involves comparative 

baseline data and control plots.  

 

Conclusions 

 

Nine years after TNC’s initial survey of the Berkshire Taconic Plateau forest block, 

all of the five most abundant invasive species were still present across the study sites. 

Averaging across the three treated sites, invasive species cover was 17.1±1.5% cover and 

significantly above the 10% threshold (p<0.001). Garlic mustard largely influenced these 

results. When it was removed from the percent cover data, invasive species cover dropped to 

3.9±0.64%, significantly below the 5% threshold in both treated and untreated sites. The 

cover of invasive species had no significant negative impact on native plant species 

abundance or seedling cover on the three treated sites. It is also interesting to note that 

percent cover and frequency analysis, even taken from the same transect, do not always yield 

similar results. In all four sites frequency data suggest a much higher level of invasion than 

percent cover data. Thus it is important for land managers to clearly define the measurement 

of programmatic goals.  
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Finally, without baseline percent cover data and long-term monitoring, it is difficult 

to evaluate the success of the WIN program. I recommend that TNC remeasure the initial 

survey plots in order to assess the overall present level of invasion and whether treating the 

periphery has reduced invader abundance throughout the forest block. In order to evaluate 

the short-term and long-term efficacy of treatment, I recommend that in the future TNC 

establish similar, permanent treatment and control transects before treatment. This will allow 

them both to establish baseline levels of invasion and to determine if treatment was 

effective, which will enable them to evaluate whether they achieve their treatment goals.  
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Figures 

 
Figure 1. Satellite map of the Berkshire Taconic Plateau core forest block in the southwest 
corner of Massachusetts. The dotted whites lines are the state borders and the bolded lines 
are all-season roads. The stars represent the two study sites, the Jug End State Reservation 
and the Dolomite property.  
Source: maps.google.com 
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Figure 2. A depiction of a 100mx2m belt transect. The percent cover quadrats are filled in 
with black.   
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Figure 3. Percent cover (PC) and frequency of invasive species on each site with and 
without (w/o) garlic mustard (GM). Error bars represent standard error.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 24 

 

 

 

 

 
Figure 4. The mean percent cover of the five invasive species (barberry, bittersweet, 
buckthorn, garlic mustard, and honeysuckle) from the 10 transects at each of the four sites. 
A. Untreated Site 1, B. Treated Site 2, C. Treated Site 3, and D. Treated Site 4.   
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Figure. 5. The mean frequency of the five invasive species (barberry, bittersweet, 
buckthorn, garlic mustard, and honeysuckle) at all four sites; A. Untreated Site 1, B. Treated 
Site 2, C. Treated Site 3, and D. Treated Site 4.  
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Figure 6. Native understory plant cover plotted against the percent of remaining space 
occupied by invaders for each of the 110 quadrats in all four sites; A. Untreated Site 1, B. 
Treated Site 2, C. Treated Site 3, and D. Treated Site 4.  
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Figure 7. Native seedling cover plotted against the percent of remaining space occupied by 
invaders for all 440 quadrats.  

 
 
 
 
 
 
 



 

 28 

 
Figure 8. Across each site, the cumulative frequency of invasive species and number of 
seedlings per 2 m2 at every meter along the 100m transect. Total of 400 values, cumulative 
values for 100 meters for each of the 4 sites. 
 
 


