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 37 

Abstract: Abiotic and biotic variables act as short-term drivers and long-term restraints on plant 38 

community succession and composition through time. Anthropogenic disturbance creates an 39 

emergence of new ecosystems that are often characterized by less predictable successional 40 

trajectories. In this study we characterize three disturbances within a State Park in PA in terms of 41 

abiotic and biotic variables which act as early successional drivers and determine vulnerability to 42 

invasion by Microstegium vimineum. We found that disturbed sites initially displayed peak 43 

diversity immediately post disturbance. These same sites displayed high richness once M. 44 

vimineum became more prominent. Abiotic restraints acted as a main determinant in species 45 

richness and composition within later successional sites due to light limitation. Light availability 46 

also provided a strong restraint in the colonization of M. vimineum within those sites. M. 47 

vimineum biomass was marginally correlated within nitrogen availability, therefore those 48 

disturbed sites which had high light regime and high nitrogen availability had more prominent 49 

M. vimineum presence due to increased photosynthetic capabilities. Biotic restraints also played 50 

an integral role in determining a disturbed site’s vulnerability to invasion, the clear-cut disturbed 51 

sites displayed the lowest M. vimineum presence due to the prominent occurrence of a 52 

competitive Poaceae species which was planted to decrease the potential ‘invasibility’ of the 53 

newly disturbed site.  54 
 55 

Introduction 56 

Plant succession is the change in species composition over time within a community 57 

following a disturbance. This process is not random, but rather orderly in that the trajectory of 58 

the recovering plant community is often predictable. This is partly because the successional 59 

process eventually slows and the system reaches an equilibrium. This produces a self-60 

maintaining system referred to as a climax community. Certain variables can hinder the 61 

predictability of this process which yields a novel trajectory of the developing plant community 62 

and consequently a potentially different climax community. In extreme cases factors can prevent 63 

the community from climaxing at all (Smith, 1996).  64 

Modern successional pathways, which result from anthropogenic influences creating an 65 

emergence of novel ecosystems, are influenced by species pools, habitat conditions and biotic 66 

interactions that are novel in contrast to those that have previously shaped landscapes (Huebner 67 

et al. 2008). These various abiotic and biotic variables (e.g. organic matter, soil nutrients, plant 68 
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community composition) have the potential to act as short-term drivers and longer-term 69 

constraints of succession (Walker & Wardle, 2014). The short term processes are defined as 70 

those that occur within the first few decades of succession and often fluctuate on a micro scale 71 

(e.g. as a matter of seconds, days or weeks) (Walker & Wardle 2014). These initial processes are 72 

characterized by an accumulation of biomass and are integral in determining the pattern and 73 

composition of plant colonizers which has the potential alter the first few stages of successional 74 

trajectory.  75 

One concern in post disturbance management is colonization by invasive plant 76 

species.  An invasive species is one that is not native and is often abnormally pervasive within an 77 

area (Smith, 1996).  Although ecological disturbance is not necessary for exotic plant invasion, it 78 

has been identified as an indicator of invasion vulnerability. The unambiguous relationship 79 

between invasion prominence and disturbances has been attributed to variables within disturbed 80 

sites that pertain to resource availability and competition (Huebner et al. 2008). A site’s 81 

susceptibility to invasion is dependent upon interspecific interactions in relation to competition 82 

for space. Susceptibility is determined by species richness, composition, and diversity. Although 83 

there are different views on how these biotic characteristics affect the ‘invasibility’ of a site 84 

(Didham et.al. 2005), there is agreement that they influence the abundance of invasive species 85 

that thrive in disturbed localities (Mack et al. 2000).  Community-level theory predicts that most 86 

organisms are spatially discrete and are affected by other individuals within reasonable 87 

proximity. At the same time, no single species can fully occupy a site or niche, which leaves 88 

space open for other species to be recruited. Processes (e.g. timbering) that disrupt natural plant 89 

dispersal dynamics cause species abundance and compositional changes which increase the 90 

susceptibility of a site to be colonized, often by invasive species. This is a consequence of native 91 
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species being limited by lower dispersal rates as opposed to invasive species which often have 92 

high dispersal capabilities (Tilman, 1997). Therefore recruitment limitations placed on invasive 93 

species are a reflection of community composition and maturity. 94 

Disturbances often have the effect of the re-allocation of site nutrients; early in the 95 

successional process these nutrients act as driving factors for competition within colonizing plant 96 

communities.  Invasions have the potential to alter vegetation patterns and recovery within 97 

disturbed sites through competition for newly allocated resources (Tognetti et al. 2009). Nutrient 98 

supply rates from the soil fluctuate on the micro time scale (Walker & Wardle, 2014). These 99 

supply rates dictate the relative success of species able to colonize a newly disturbed system 100 

(Walker & Wardle, 2014). Most terrestrial plant communities are limited by nitrogen as a 101 

resource. Metabolic processes, leading to increase in vegetation biomass, are dependent upon 102 

adequate supplies of nitrogen. Greater nitrogen availability yields greater photosynthetic capacity 103 

and leaf nitrogen content because 75% of leaf nitrogen is found in chloroplasts and is invested in 104 

ribulose biphosphate carboxylase, the main catalyst in the reaction of photosynthesis (Cechin & 105 

Fumis, 2004). Plants that are more efficient at sequestering nitrogen will be dominant within a 106 

newly disturbed community and display higher foliar nitrogen content and lower carbon to 107 

nitrogen ratios relative to the soil (Belligham et al. 2001). In primary succession, early colonist 108 

plants may alter community composition through the alteration of soil nitrogen content via 109 

nitrogen fixation which could perturb or facilitate the growth of other species (Belligham et al. 110 

2001, Walker & Wardle, 2014).  111 

Some invasive species, such as Microstegium vimineum, have been associated with 112 

fluctuating soil nitrogen levels. M. vimineum is a highly invasive, shade-tolerant C4 grass 113 

distributed throughout the eastern United States (Flory et al. 2012). M. vimineum is believed to 114 

Commented [SGM1]: But this argument is based on dispersal 
dynamics… how do these relate to community composition and 
“maturity”? (What is maturity of a community?) 
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elevate nitrification potential in relation to co-occurring native plants, making nitrogen more 115 

available for M. vimineum leading to a positive feedback loop and increased persistence of the 116 

invasive species (Flory et al. 2012). Although it is associated with increased nitrate levels, it is 117 

unknown if M. vimineum is the cause of the elevated nitrogen content. Additionally the 118 

relationship between these elevated nitrogen levels and M. vimineum growth rate or biomass is 119 

poorly understood (Flory et al. 2012).  120 

This study was designed to characterize the short-term successional drivers of plant 121 

community composition and susceptibility to invasive plant colonizers across differing 122 

disturbance regimes. Specifically we focused on the first 2 years of the plant successional 123 

process within sites that corresponded to natural and anthropogenic disturbance within a forested 124 

ecosystem. We hypothesized that biotic variables would be drivers in the earlier stages of 125 

succession and that this effect would be of greater magnitude in those sites that had less 126 

developed plant communities. These differences in abiotic variables would also be reflected in 127 

intra- and inter-annual variation within plant community composition. We also hypothesized that 128 

those communities that presented more biotic competition (i.e. had higher species community 129 

abundance, richness, and diversity already established) would be less susceptible to invasion.  130 

Site Description 131 

Nolde Forest State Park covers 665 acres comprised of a mix of even age and un-even age 132 

deciduous and conifer forest within Eastern Pennsylvania (Pennsylvania DCNR n.d) (Figure1). 133 

The Commonwealth has recently been forced to make some critical forestry management decisions 134 

due to storms and senescent stands of trees. The managers made the decision to clear storm debris 135 

interfering with trails and also took the opportunity to employ selective cutting within the park. 136 
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The clearing is designed to encourage re-growth of the forest and promote long-term forest health. 137 

Three park locations were cleared and replanted with various strategies. One area (clear cut) was 138 

clear cut and is being replanted with monoculture stands of Pinus strobus (White Pine) and Larix 139 

laricina (American Larch) to honor the tradition set by Jacob Nolde. A second area (select cut) 140 

was selectively timbered and has been replanted with a mix of native tree seedlings in accordance 141 

with modern approaches.  The third area (blow-down) was partially cleared of Norway Spruce 142 

trees (Picea aibes) that were felled by tropical storm Sandy in October 2012.   This plot had limited 143 

re-planting of native tree seedlings and much of the slash (woody debris) was left in place.  144 

Methods 145 

Data Collection 146 

Data were collected between the months of May and August of 2013 and 2014. Four 147 

circular 10-m diameter plots were established within each of the disturbance types (clear-cut, 148 

select-cut and blow-down) and within control sites corresponding to each disturbance type (24 149 

plots total). Abiotic measurements were taken from each plot: triplicate soil samples of 2 cm in 150 

depth were taken with the use of a corer for nitrogen and moisture content, light regime and 151 

relative humidity measurements were made using HOBO monitors, and canopy cover was 152 

quantified using a spherical densiometer. Biotic measurements included: identification, number, 153 

and diameter of trees (> 2 cm DBH) within each plot, vertical vegetation cover in 4 directions to 154 

be averaged using a cover board. Forest floor plant abundance (by species) was quantified within 155 

4 randomly-placed permanent quadrats (0.25m2) in each plot. Biotic measurements were taken 156 

once in 2013 and twice in 2014 to correspond with early and later growing seasons. To elucidate 157 

the relationship between soil nitrogen and invasive plant growth, biomass and nitrogen content of 158 

Microstegium vimineum (the dominant invasive plant) were measured from a minimum of 11 159 
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clip plots (0.10 m2) including three plots from each disturbance type. The clip plots were 160 

quadrats of smaller size which were placed in area of M. vimineum cover.  M. vimineum biomass 161 

was clipped and cleared from these clip plots and taken back to the lab for weights and nitrogen 162 

analyses. Plant tissue nitrogen and biomass were paired with a measure of soil nitrogen from 163 

each clip plot (analysis using a Perkin-Elmer Elemental Analyzer).  164 

Data Analysis 165 

Community metrics (e.g. Shannon Diversity) were calculated using standard calculations 166 

(Brower et al. 1998). The biotic and abiotic data at both the plot and quadrat level were analyzed 167 

using MANOVA models, a simple time series analysis was constructed by adding the year and 168 

time within the year as an additional variable. A series of protected ANOVAs were run after the 169 

MANOVA (Whitlock & Schluter, 2009). Tukey Kramer post hoc analyses were utilized to 170 

further refine differences. Plant biomass/plant nitrogen/soil nitrogen relationships were analyzed 171 

with multiple correlation analyses. All statistics were performed in the program “R i386” 172 

v3.0.1.   173 

Results  174 

Principle Component Analysis 175 

 Principle component 1 is characterized by the structural variables of vertical cover, which 176 

was split into two separate variables one pertaining to the 0 m level and the other to the 1 m level 177 

(Figure 1). Principle component 2 is characterized by the structural variable of percentage 178 

canopy cover and biotic measurement of complete individual abundance. These two components 179 

combined contribute to 84% of the variation in the data. Most all managed sites, regardless of 180 
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site type and year, group within the lower right hand portion of the graphic displaying relatively 181 

low percent canopy and vertical cover. More than a majority of the sites (70%) which plot on the 182 

left-hand side of the graphic belong to the control sites. These sites display intermediate 183 

individual abundance and canopy cover and greater vertical cover. Blow-down sites within the 184 

year of 2014 group together with intermediate percent canopy cover and greater vertical cover 185 

and complete individual abundance (Figure 1). Those sites which plot with relatively lower 186 

percent canopy cover values are attributed to the blow-down and clear-cut disturbed sites, all 187 

within the year of 2013. Principle component 3 is also characterized by vertical cover (0 m), but 188 

also by complete individual abundance of plants within each species (Figure 2). Combined, 189 

principle components 1, 2 and 3 explain 97% of the variation in the data (Table 1). Along the 190 

axes of principle components 2 and 3 most of the variation is due to percent canopy with most 191 

sites plotting on the left half of the graph with intermediate values for vertical cover (0 m) and 192 

individual abundance and relatively high values for percent canopy cover. In general, those sites 193 

that were managed display lower percent canopy cover, further contributing to the variation 194 

patterns displayed on PC1 and PC2.  Sites which displayed higher individual abundances tended 195 

to be those sites which were not managed (i.e. controls) (Figure 2). Those sites within the year of 196 

2013 displayed low percentage canopy cover.  197 

Abiotic and Structural Characteristics 198 

 Nitrogen, vertical cover (at 1 m and 0m above the ground), and percent canopy cover 199 

were different as a function of disturbance regime, year and management (Table 2). These 200 

variables also had a significant year by disturbance regime by management interaction (Table 2).  201 

Nitrogen varied as a function of year and disturbance regime with the select-cut sites and the 202 
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year of 2013 displaying relatively higher nitrogen (F2 = 36.27, P<<0.0001; F1 = 11.37, 203 

P=0.002) (Figure 4). In general, control sites had significantly higher vertical cover at 0 m and 1 204 

m above ground. Vertical cover at both levels was also greater within the year of 2014 relative to 205 

2013 (F2 = 8.84, P = 0.005; F2 = 3.29, P=0.008) (Figures 5 & 6). Vertical cover was greatest 206 

within the blow-down disturbance regime regardless of management and year (F2 = 4.18, P = 207 

0.02; F2 = 7.77, P=0.002) (Figures 5 & 6). There was a significant site by year interaction in 208 

terms of vertical cover at the 1 m level (F2 = 6.46, P=0.004). The blow-down sites had 209 

significantly higher vertical cover at 1 m than both the select-cut and clear-cut disturbance 210 

regimes within the years of 2014 and 2013. The blow-down sites within the year of 2014 had 211 

greater vertical cover (1 m) than the same sites within the year of 2013 (Figure 5). Vertical cover 212 

at 0 m above ground showed a significant disturbance regime by management interaction (F2 = 213 

1.56, P=0.02). Vertical cover at 1 m above ground differed between cut and control sites. The 214 

blow-down sites had significantly higher 0 m cover in relation to the select-cut and the clear-cut 215 

sites regardless of year (Figure 6). The clear-cut sites also had significantly lower cover at 0 m in 216 

relation to corresponding controls (Figure 6). Percent canopy cover showed a significant 217 

interaction between disturbance regime and management (F1 = 0.63, P<<0.0001). The blow-218 

down disturbed sites had greater canopy cover than the clear-cut disturbed sites and the 219 

corresponding blow-down controls within the year of 2013. Blow-down sites within 2014 also 220 

had significantly lower canopy cover than corresponding controls. Clear-cut sites had less 221 

canopy cover than corresponding controls and select-cut sites within the year of 2013.Clear-cut 222 
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sites from 2013 also had significantly less canopy cover in relation to the same sites within 2014 223 

(Figure 7).  224 

 M. vimineum biomass was significantly higher within the blow-down disturbed sites 225 

relative to the clear-cut disturbed sites (F2 = 4.01, P=0.03) (Figure 14). It is important to note 226 

that control sites were not included in this analysis due to inability to collect clip plot samples 227 

because of sparse M. vimineum populations. Percent nitrogen within the plot was marginally 228 

correlated (r = 0.36, P=0.051) with M. vimineum biomass (Figure 15).  229 

Biotic Community Metrics 230 

Community metrics varied as a function of year, disturbance regime, and management 231 

(e.g. whether the site was cut or uncut) (Table 3). Diversity showed a significant disturbance 232 

regime and year interaction (F2 = 3.58, P=0.04). The later growing season of 2014 had 233 

significantly lower plant diversity than the 2014 early growing season and the 2013 season 234 

within the blow-down and the select-cut sites. Within the clear-cut sites, the later growing season 235 

within 2014 had significantly lower diversity than the year of 2013, but was not different than 236 

the early 2014 growing season (Figure 8). Species richness within the later growing season of 237 

2014 was significantly higher than the early growing season within 2014 and the season within 238 

2013 (F2 = 2.58, P<<0.0001) (Figure 9). The controls displayed significantly higher species 239 

richness than their corresponding cut counterparts (F1 = 7.73=6, P=0.01) (Figure 9). The blow-240 

down sites also displayed significantly higher species richness than both the clear-cut and select-241 

cut sites (F2 = 14.06, P<<0.0001) (Figure 9). The total percent area of the plant community 242 

attributed to M. vimineum was significantly higher in the managed sites in comparison to their 243 

unmanaged counterparts (F1 = 15.27, P=0.0005) (Figure 10). The clear-cut sites displayed 244 
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significantly less M. vimineum cover relative to the select-cut sites (F2 = 4.01, P=0.03) (Figure 245 

10). 246 

Plant Community Composition (2014) 247 

 Each disturbance type and corresponding control had very different plant community 248 

compositions and prominent species with only a few species common between disturbed sites 249 

and controls. The only species which was present in all sites regardless of year, disturbance 250 

regime, and management was M. vimineum. M. vimineum had a much higher percent area cover 251 

within the plant community within the disturbed sites than the controls. M. vimineum was also 252 

lower in sites that were more diverse (had multiple species with more than 5% cover). The 253 

highest percent cover attributed to M. vimineum within the control sites was 11%. The clear-cut 254 

displayed the lowest percent cover of M. vimineum with the early 2014 sites’ community 255 

containing 18% and the late 2014 sites containing 24%. All other disturbed sites, regardless of 256 

disturbance, had at least 42% M. vimineum by area (Figures 11-13). The select-cut disturbed sites 257 

displayed significantly higher M. vimineum biomass per area of M. vimineum covered relative to 258 

clear-cut sites which displayed the lowest amount of M. vimineum biomass (Figure 14). There 259 

was a marginally significant positive correlation (P = 0.051) between soil nitrogen content and 260 

M. vimineum biomass. 261 

Discussion  262 

 Diversity and species heterogeneity is greatest within all of the disturbance regimes in 263 

contrast to their later successional counterparts. Furthermore, within these disturbance regimes, 264 

diversity is greatest within the year of 2013 as opposed to the early and later growing season of 265 

2014. It is worthy of noting that this pattern may be a result of the compounding of later and 266 
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early growing season within the year of 2013 which has the potential to increase diversity. This 267 

represents the immediate processes of bioaccumulation of all life forms post disturbance. The 268 

initial species distribution and diversity is a likely a consequence of unresolved competition due 269 

to the reallocation of resources and the availability of space that a disturbance yields 270 

(Schoonmaker & McKee, 1988; Walker & Wardle, 2014). This pattern is displayed within the 271 

first year of monitoring (2013) which was representative of 1 year post disturbance and is 272 

especially prominent in the blow-down natural disturbance regime. Species composition is most 273 

dynamic within the first 30 years of community re-establishment post disturbance (Schoonmaker 274 

& McKee, 1988). Typically, species diversity will peak several times during the successional 275 

process with the first peak corresponding to the first 15 years post disturbance with declines 276 

occurring shortly after canopy enclosure (Schoonmaker & McKee, 1988). Early peak diversity 277 

patterns have been found to occur as early as 2 years after anthropogenic and natural 278 

disturbances because the initial processes within early succession are characterized by an 279 

accumulation of biomass of all life forms due to the reallocation of space and resources 280 

(Schoonmaker & McKee, 1988; Walker & Wardle, 2014).  281 

The newly available space and resources initiate biotic competition between colonizing 282 

species. Those species that are better at acquiring and utilizing the newly derived resources will 283 

become more prominent within the system and will ultimately decrease heterogeneity thus 284 

causing a peak in species richness relative to diversity (Huebner et al. 2008; Tilman, 1997).  The 285 

increased dominance of invasive species often facilitates a switch between species diversity 286 

peaks and species richness peaks within the primary successional processes. This is because the 287 

invasive species become dominant without eliminating many other species thus causing the 288 

abundance of individuals within each species to decrease, but the richness to stay constant 289 
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(Schoonmaker & McKee, 1988). The blow-down disturbance regime displayed the highest 290 

Shannon Diversity value of 0.6 within the year of 2013 which corresponded to a percent cover 291 

attributed to M. vimineum of approximately 15%. Within the later growing season of 2014 the 292 

same sites displayed a diversity value of 0.4 and a percent cover attributed to M. vimineum of 293 

approximately 42%.  The establishment and increasing prominence of M. vimineum within the 294 

disturbed community resulted in a decrease of heterogeneity and diversity within the plant 295 

community resulting in an increase in species richness within the 2014 sites in contrast to those 296 

within the year of 2013. 297 

 Higher species diversity perturbs invasion by providing effective biotic competition for 298 

newly allocated resources and space within a disturbed ecosystems (Tilman, 1997; Mack et al. 299 

2000). The clear-cut disturbed sites displayed the least percent cover of M. vimineum which 300 

contributed 24% of the area within the 2013 and late 2014 growing seasons.  This low invasive 301 

percent area cover may be a result of the effective competition yielded by the grasses that were 302 

planted within the clear-cut disturbed sites immediately post disturbance. This prominence of 303 

native grasses is a result of a grass seed mix which was planted immediately after timbering to 304 

perturb harmful colonizers (Linda Ingram pers. comm.). The clear-cut disturbed sites is reflected 305 

in this study to have relatively low diversity as a consequence of our inability to appropriately 306 

identify different species within the Poaceae family. These disturbed sites had a combination of 307 

approximately 10 different species of grasses which grew in approximately even densities and 308 

provided a fair amount of cover. This provided a biotic restraint on the developing community of 309 

M. vimineum through the occupation of space of a species which occupies a similar niche and 310 

can effectively compete for space and resources (Tilman, 1997).  311 
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 In some systems late successional plant community composition reaches an equilibrium, 312 

usually resulting in a climax community, based on the abiotic characteristics of the system (e.g. 313 

light) (Smith, 1992; Schoonmaker & McKee, 1988). This causes certain later successional 314 

systems to display higher diversity than disturbed counterparts. However, some later 315 

successional systems display high richness and relatively lower diversity because they are 316 

restrained by certain abiotic characteristics of the system. Once canopy enclosure occurs it 317 

creates a uniform low-light environment within the understory of the forest structure which 318 

fewer understory plant species can tolerate (P. Schoonmaker & A. McKee, 1988). The eventual 319 

penetration of the later successional forested canopy by shade-tolerant sub-canopy species is a 320 

longer process that requires fragmentation of canopy structures and is beyond the scope of the 321 

time accounted for in our study (Schoonmaker & McKee, 1988).   322 

 The variation that existed between disturbance regimes and corresponding controls was 323 

mostly a result of characteristics pertaining to forest structure (i.e. vertical cover and percent 324 

canopy cover). The sites that represented later successional stages had higher percent canopy 325 

cover and higher vertical cover within 1 m and 0 m above the ground in addition to low species 326 

diversity, but relatively high species richness. This is a result of the abiotic restraint that is 327 

caused by a developed forest canopy within later successional stages. The controls’ community 328 

composition had prominent shade tolerant species (i.e. Lindera benzoin, Toxicodendron 329 

radicans, Rubus phoenicolasius) (Rhoads & Block, 2000). At least 59% of area covered within 330 

the plant community of the select-cut, 42% within the blow-down, and 36% of clear-cut  later 331 

successional sites within the late growing of 2014 was attributed to shade-tolerant species. The 332 

high percent canopy cover within the later successional sites limits the type of species that can be 333 
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established within that community, but the species that are prominent are shade-tolerant shrubs 334 

which result in higher vertical cover and lower heterogeneity.  335 

 This high percent canopy cover within later successional sites also yields a very effective 336 

restraint against M. vimineum invasion. The greatest percent area cover of M. vimineum within 337 

the plant community corresponding to the late successional sites is 11% as opposed to the 338 

disturbed sites which all had greater then 40% M. vimuneum cover. M. vimineum is a C4 grass 339 

which is characterized by high dispersal and reproductive rates. Because of the increased energy 340 

required to undergo the C4 photosynthetic processes, M. vimineum is less effective at competing 341 

for resources within shady interior forested areas (Oswalt et al. 2007).    342 

 M. vimineum biomass per area of M. vimineum cover increased as the percent nitrogen 343 

within the soil increased. The select-cut and the blow-down sites displayed higher percent 344 

nitrogen, M. vimineum biomass and M. vimineum percent cover relative to the clear-cut sites. 345 

This means that not only did M. vimineum take up more space, but per unit area covered it was 346 

accumulating greater biomass. This led to greater cover and faster growth rates within those sites 347 

that also contained elevated nitrogen levels. Increases in nitrogen availability increase the growth 348 

of plants through the enhancement of photosynthetic capacity because it allows for elevated 349 

production of ribulose biphosphate carboxylase which increases metabolic processes and 350 

biomass production (Cechin & Fumis, 2003). Therefore, the increased nitrogen within the select-351 

cut and blow-down sites further facilitates the production of M. vimineum biomass.  352 

Nitrogen availability alone, however, does not always facilitate increased M. vimineum 353 

biomass. The select-cut sites displayed the highest nitrogen levels regardless of management, but 354 

higher M. vimineum cover and biomass was only displayed in the select-cut sites which were 355 
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disturbed. This suggests that disturbance also facilitates establishment and sustained presence of 356 

M. vimineum because of the increased energy it takes for C4 grasses to photosynthesize. 357 

Disturbances fragment forest canopy structures yielding optimal light regimes for plant 358 

photosynthesis. This further supports the strong abiotic restraint of forest canopy enclosure. 359 

However, this does suggest that a combination of elevated nitrogen levels and light availability 360 

due to disturbance produces a stronger and more prominent presence of M. vimineum within the 361 

community due to optimized conditions. These abiotic variables therefore are integral in 362 

determining the diversity, or lack thereof, within early successional sites.  363 

Conclusion 364 

 Species diversity and richness peaks within plant community composition happen 365 

naturally within early succession as a result of unresolved and resolved conflict of newly 366 

allocated resources. Invasive species are defined by their ability to better exploit and utilize these 367 

resources which causes an invasive dominance within early plant communities. This dominance 368 

occurs without the full disappearance of other species which have also colonized the area causing 369 

a species richness peak and decreasing species heterogeneity within the newly disturbed system. 370 

 Abiotic and biotic variables have the ability to facilitate or perturb invasive prominence. 371 

Canopy enclosure can significantly decrease the supply of light to the plant community and also 372 

place a prominent restraint on invasive colonization. Nitrogen content within the soil is an 373 

integral facilitator to plant biomass production and growth. Furthermore, interspecific 374 

interactions of other species which occupy similar niches can provide an important outlet for 375 

competition for resources and decrease the colonization of invasive species. 376 
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 This study has displayed very important principles in moving forward with forest 377 

management and timbering. Disturbance, regardless of type, results in a shift of community 378 

composition and reallocation of resources. More often than not, disturbance lone is enough for 379 

invasive species to dominate ecosystems. The managers at Nolde Forest State Park purposely 380 

replanted those sites which were a result of clear-cutting to decrease the amount of invasive 381 

colonization and that alone was enough to remediate those sites to a plant community 382 

composition which was ore representative of native species. 383 

  384 
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Table 1: A Principle Component Analysis displaying the proportion of variance and the 
cumulative proportion attributed to the first three components.   

PC1  PC2  PC3 

Standard Deviation  43.51  26.23  14.52 

Proportion of Variance  0.64  0.23  0.07 

Cumulative Proportion  0.64  0.87  0.94 
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Table 2: A MANOVA table of the abiotic metrics (i.e. vertical cover, canopy cover and soil 
nitrogen content) as a function of year, disturbance regime, and management. 
Independent 
Variable Df Pillai F 

Numerator 
Df 

Denominator 
Df P value 

Year 1 0.85 24.56 7 30 9.00 x 10-11 
Site 1 0.30 1.88 7 30 0.10 
Mgmnt 2 1.05 4.92 14 62 5.13 x 10-6

year x Site 1 0.37 2.55 7 30 0.03 
year x Mgmnt 2 0.81 3.00 14 62 0.001 
Site x Mgmnt 2 0.33 0.88 14 62 0.58 
year x Site x Mgmnt 2 0.34 0.92 14 62 0.54 

*Where year includes 2014 early, 2014 late, and 2013. Site refers to the disturbance regime and Mgmnt refers to 411 
whether the site was cut or left uncut (control) 412 

 413 

 414 
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 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 
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Table 3: A MANOVA table of the community metrics (i.e. Shannon’s Diversity Index, Simpson’s 
Dominance, total Abundance, and Species Richness) as a function of year, disturbance regime, and 
management. 

Independent Variable Df Pillai approx F 
Numerator 

Df 
Denominator 

Df P value 
Site 2 0.59 3.49 12 98 2.54 x 10-5 

Year 2 1.15 11.12 12 98 1.10 x 10-13 
Mgmnt 1 0.47 7.24 6 48 1.52 x 10-5 

year x Site 4 0.52 1.28 24 204 0.17 
year x Mgmnt 2 0.25 1.19 12 98 0.29
Site x Mgmnt 2 0.17 0.78 12 98 0.67 
year x Site x Mgmnt 4 0.28 0.64 24 204 0.90 

*Where year includes 2014 early, 2014 late, and 2013. Site refers to the disturbance regime and Mgmnt refers to 426 
whether the site was cut or left uncut (control) 427 

 428 

 429 
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 451 

FIGURE LEGEND 452 

 453 

Figure 1: A map portraying the locations of the timbering sites, disturbance sites and 454 

corresponding controls within Nolde Forest State Park. 455 

 456 

Figure 2: A graphic displaying the principle component analysis with principle component 1 457 

plotted on the x-axis being represented by vertical cover both at 0 & 1 m increasing in the 458 

negative direction and principle component 2 plotted on the y-axis being represented by 459 

percentage canopy cover increasing in the negative direction. Together PC1 & PC2 contribute to 460 

84% of the variation between sites, years and management regimes. 461 

 462 

Figure 3: A graphic displaying the principle component analysis with principle component 2 463 

plotted on the x-axis being represented by percentage canopy cover increasing in the negative 464 

direction principle component 3 plotted on the y-axis being represented by vertical cover at 0 m 465 

increasing in the negative direction and total plant abundance increasing in the positive direction. 466 

Together PC1, PC2 & PC3 contribute to 94% of the variation between sites, years and 467 

management regimes. 468 

 469 

Figure 4: A bar graph displaying the mean and standard error of percent nitrogen as a function of 470 

disturbance regime, time frame and management. 471 

 472 

Figure 5: A bar graph displaying the means and standard errors of vertical cover (1 m) as a 473 

function of disturbance regime, time frame and management. 474 

 475 

Figure 6: A bar graph displaying the means and standard errors of vertical cover (0 m) as a 476 

function of disturbance regime, time frame and management. 477 

 478 

Figure 7: A bar graph displaying the means and standard errors of percent canopy cover as a 479 

function of disturbance regime, time frame and management. 480 

 481 

Figure 8: A bar graph displaying the means and standard errors of Shannon’s Diversity Index as 482 

a function of disturbance regime, time frame and management.  483 

 484 
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Figure 9: A bar graph plot displaying the means and standard errors of Species Richness as a 485 

function of disturbance regime, time frame and management.  486 

 487 

Figure 10: A bar graph displaying the means and standard errors of percent area of the plant 488 

community attributed to M.vimineum as a function of disturbance regime, time frame and 489 

management. 490 

 491 

Figure 11: Pie charts depicting the percent area of the plant community attributed to each species 492 

within the early and late growing seasons of the control sites and corresponding select- cut 493 

managed sites. Any species that attributed less than 5% area was grouped in the “Others” 494 

category with the following number representing the number of species within the category.   495 

 496 

Figure 12: A series of pie charts depicting the percent area of the plant community attributed to 497 

each species within the early and late growing seasons of the control sites and corresponding 498 

blow-down disturbed sites. Any species that attributed less than 5% area was grouped in the 499 

“Others” category with the following number representing the number of species within the 500 

category.   501 

 502 

Figure 13: A series of pie charts depicting the percent area of the plant community attributed to 503 

each species within the early and late growing seasons of the control sites and corresponding 504 

clear-cut disturbed sites. Any species that attributed less than 5% area was grouped in the 505 

“Others” category with the following number representing the number of species within the 506 

category. 507 

 508 

Figure 14: A mean point plot displaying the mean and standard error of M. vimineum biomass 509 

per area of M. vimineum cover within each of the disturbance regimes. Those sites that acted as 510 

controls are not included within this graph as there was only 1 measurement per control due to 511 

sparse population of M. vimineum within these sites.  512 

 513 

Figure 15: A correlation plot of M. vimineum biomass and soil nitrogen where y = -0.35 + 0.5.  514 

 515 

 516 
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 518 

 Figure 2. 519 

*Where year includes 2014 and 2013. Clear-cut, blow-down and select-cut site types are represented by CC, BD, 520 
and SC. And managed (cut) and unmanaged (controls) sites are represented by M and NM.   521 

 522 

 523 
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 525 

 526 

 527 

 528 
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 529 

 Figure 3. 530 

*Where year includes 2014 and 2013. Clear-cut, blow-down and select-cut site types are represented by CC, BD, 531 
and SC. And managed (cut) and unmanaged (controls) sites are represented by M and NM.   532 

 533 
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 544 

 545 

 Figure 4. 546 

*Where year includes 2014 and 2013. Clear-cut, blow-down and select-cut site types are represented by CC, BD, 547 
and SC. And managed (cut) and unmanaged (controls) sites are represented by M and NM.   548 

 549 

 550 

 551 

 552 

 553 

 554 

 555 

 556 

 557 

 558 

 559 

 560 



    27

 

 561 

 562 

 Figure 5. 563 

*Where year includes 2014 and 2013. Clear-cut, blow-down and select-cut site types are represented by CC, BD, 564 
and SC. And managed (cut) and unmanaged (controls) sites are represented by M and NM.   565 
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 579 

 580 

 Figure 6. 581 

*Where year includes 2014 and 2013. Clear-cut, blow-down and select-cut site types are represented by CC, BD, 582 
and SC. And managed (cut) and unmanaged (controls) sites are represented by M and NM.   583 

 584 
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 594 

Figure 7. 595 

*Where year includes 2014 and 2013. Clear-cut, blow-down and select-cut site types are represented by CC, BD, 596 
and SC. And managed (cut) and unmanaged (controls) sites are represented by M and NM.   597 
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 608 

 609 

 Figure 8 610 

*Where year includes 2014 and 2013. Clear-cut, blow-down and select-cut site types are represented by CC, BD, 611 
and SC. And managed (cut) and unmanaged (controls) sites are represented by M and NM.   612 

 613 

  614 

 615 

 616 

 617 
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 623 

 624 

Figure 9. 625 

*Where year includes 2014 and 2013. Clear-cut, blow-down and select-cut site types are represented by CC, BD, 626 
and SC. And managed (cut) and unmanaged (controls) sites are represented by M and NM.   627 

 628 

 629 
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 631 
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 633 
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 637 

 638 

 639 

 Figure 10. 640 

*Where year includes 2014 and 2013. Clear-cut, blow-down and select-cut site types are represented by CC, BD, 641 
and SC. And managed (cut) and unmanaged (controls) sites are represented by M and NM. 642 
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Figure 14. 655 
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