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ABSTRACT 

Recently, researchers have shown that understory communities in northern 

Wisconsin are converging in composition, a process termed homogenization.  They have 

also identified possible mechanisms for homogenization including whitetail deer 

herbivory and exotic earthworm introductions.  Homogenization can result from species 

losses, introductions, or both, and may contribute to changes in diversity over time.  This 

study focused on documenting changes in understory plant communities in mesic uplands 

of the Chequamegon National Forest in northern Wisconsin since the early 1990’s, and 

identifying possible influences of such changes.  Permanent plots, originally established 

by the U.S. Forest Service, were revisited in the summers of 2008 and 2009.  Data were 

collected on understory vegetation, earthworm abundance, and deer browsing in both 

managed and unmanaged forests, which were compared to previous measurements from 

1990-1992.  Species richness and diversity (H’) were not statistically different from the 

early 1990s.  Present diversity and richness did not differ between managed and control 

units.  Exotic species were not common, averaging <1 per unit.  Neither increasing 

earthworm biomass nor increasing deer browse pressure impacted richness or diversity.  

However, the relationship between earthworm abundance and richness was nearly 

significant.  Management did not contribute to increased compositional similarity over 

the study period.  However, there was a 22% convergence in relative abundance and 

composition over the study period.  Forest managers should be aware of the observed 

increases in community similarity and monitor potential drivers of homogenization. 

Future monitoring efforts in the Chequamegon should take into account changes in plant 

assemblages, sensitive species and growth forms, in addition to measures of diversity.        
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INTRODUCTION 

In order to meet the various demands of a growing human population, and in 

accordance with the Multiple-use Sustained-Yield Act of 1960, the U.S. Forest Service 

(USFS) adopted a multiple-use approach for managing our National Forest System.  This 

approach aims to manage public forests for various resources, commodities and services, 

in order to meet the needs of the people now and in the future (USFS 2010).  In 1992, the 

USFS adopted a policy of ecosystem management for grasslands and forests.  Ecosystem 

management provides a framework to conserve, protect, or restore entire ecological 

systems, including their structure and function (Waller and Rooney 2010).  This approach 

takes into consideration ecological, social and economic concerns in order to manage 

forests more sustainably at appropriate spatial scales.   

Monitoring forest ecosystems over time allows land managers to assess current 

conditions and detect threats to the health and integrity of these systems.  Identifying 

sources of variation within a forest requires long-term, extensive data collection and 

analysis.  In the early 1990’s, a group of USFS personnel developed a program to 

monitor the implementation and effects of forest management in the Chequamegon 

National Forest (Vora 1997).  The plan was broad and outlined specific objectives and 

procedures to obtain baseline data pertaining to all resources. In order to accomplish 

these objectives, 105 permanent plots were established across the Chequamegon. 

Traditionally, studies of human impacts on forests have focused primarily on tree 

species.  However, growing concern about decreasing biodiversity has sparked an 

increased interest in the understory, the most diverse stratum in temperate forests.  The 

understory plays an important role in ecosystem processes, like nutrient cycling (Gilliam 
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and Roberts 2003), and provides important food and cover for a variety of wildlife 

species.  A number of factors influence variation in understory species composition, 

including natural successional changes, herbivory, exotic organisms, and management 

activities.  All of these, and other factors, can affect changes in native plant communities.  

Monitoring such changes can assist in maintaining and improving the health and diversity 

of Wisconsin’s national forests.    

Other researchers have recently demonstrated that understory plant communities 

across northern Wisconsin are converging in compositional similarity (Rooney et al. 

2004; Wiegmann and Waller 2006).  The convergence in plant assemblages reflects a 

process termed homogenization.  Homogenization can result from species losses, 

introductions, or both (Olden 2006).  Researchers who have detected this convergence 

across northern Wisconsin and the surrounding area have identified some possible 

sources, including high densities of whitetail deer and the introduction of exotic 

earthworms (Rooney et al. 2004; Wiegmann and Waller 2006).  Continuing to monitor 

these systems will provide more substantial insight on the drivers of homogenization and 

the resulting patterns in understory communities over time.        

LITERATURE REVIEW 

Succession 

Changes in compositional similarity and species diversity occur throughout the 

successional pathway of a forest to some degree, regardless of other factors.  Assessing 

the amount of change attributable to anthropogenic factors is difficult because forests 

continue to change in composition and structure, whether directly influenced by human 
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activity or not.  Over time, trees naturally die, altering the composition and structure of 

the forest.  The concept of forest succession continues to evolve as researchers attempt to 

understand how forests change over time.  In addition to competition between plants for 

resources, factors like wildlife and pathogens also play a role in succession (Connell and 

Slatyer 1977).   

Several models have been used to describe the mechanisms that contribute to 

succession and predict the subsequent stage of a forest, but models are limited in their 

ability to make such predictions due to the multitude of factors affecting species 

interactions (Huston and Smith 1987).  Contrary to early theories (Tansley 1935; 

Clements 1936; Odum 1969), most experts agree that succession in a forest can follow 

multiple pathways.  That is, multiple potential stable communities exist for a location, 

depending on variation in disturbance regimes and environmental conditions (Barnes et 

al. 1998).   Even when the disturbance regime of a forest is well known, succession is still 

not entirely predictable (Crawley 1997).   

The assemblage that colonizes and survives following a major disturbance 

depends on which propagules are available, the type, severity, and timing of disturbance, 

and both biotic and abiotic environmental conditions (Perry et al. 2008).  Availability of 

seed sources plays a large part in determining which species colonize a disturbed area.  

Organisms already occupying a site often play an important role in re-establishment 

following a disturbance (Barnes et al. 1998).  Additionally, colonization of species can 

occur via seed dispersal by wind or animals, delayed germination of seed stored in the 

soil, or by asexual reproduction such as root sprouting (Perry et al. 2008).  Abiotic 

conditions, like availability of light, moisture and nutrients, and biotic interactions, such 
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as competition between plants and mycorrhizal associations, determine which species are 

able to survive following colonization (Gilliam and Roberts 2003).   

Disturbance Regime 

Species that survive after colonization depend not only on of traits of the 

organism and site conditions, but also on the disturbance regime (Barnes et al. 1998).  

Some of the most common types of disturbance in forests are fire, wind, herbivores, and 

floods, although there are numerous others (Perry et al. 2008).  The disturbance regime of 

a forest can determine the successional trajectory of a forest over time, and the mosaic of 

communities and conditions that occur across a landscape.  Disturbance regimes can be 

characterized by the size of the disturbed area, the disturbance frequency, timing, 

duration, intensity, and severity of damage inflicted (Sousa 1984).  Typically, this is 

comprised of small, frequent disturbances combined with some large, infrequent ones 

(Perry et al. 2008).  Disturbance frequency plays an important role in population 

establishment because, for example, if a second disturbance occurs prior to the time it 

takes for a species to reach reproductive maturity, seeds will not be available to 

recolonize the area (Hobbs and Huenneke 1992).  Disturbance frequency also influences 

species composition and forest structure (Runkle 1985).  Reducing fire frequency over 

time reduces the prevalence of fire-adapted species on the landscape (Barnes et al. 1998).  

The impact of disturbance frequency on succession also depends on the age of the stand, 

or physiological ages of trees within a stand, at the time of disturbance, with various ages 

and disturbance frequencies resulting in different communities (Catellino et al. 1979; 

Runkle 1985).  
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Disturbance type is often largely site and species dependent.  For example, dry, 

nutrient-poor sites typically favor conifers with flammable foliage, whereas moist, fertile 

sites often support species with rapidly decomposing leaves, which reduces fuel 

accumulation. Sites with high water tables or hardpans are often more susceptible to 

windthrow damage (Barnes et al. 1998).   Specific species respond to various disturbance 

types differently.  For example, some have special adaptations to fire, like thick bark 

(Gurevitch et al. 2002).  Also, some fast growing species like black cherry and basswood 

are more susceptible to glaze damage than sugar maple or oak (Barnes et al. 1998).  The 

type of disturbance can also influence site conditions, such as the formation of pits, 

mounds and downed logs associated with windthrow, which serve as important 

microsites for some species (Perry et al. 2008).   

Timing is another important component of a disturbance regime.  A disturbance 

occurring at one time of year might select for a different set of species than a disturbance 

at a different time of year.  For example, some species are able to re-sprout vigorously 

after having all aboveground tissues destroyed, but at certain times of the year, the same 

plant may not recover from a similar disturbance (Perry et al. 2008).  Other studies have 

shown that conifers were more vulnerable to windthrow damage than deciduous trees in 

winter, when deciduous trees were leafless (Barnes et al. 1998). 

The size of a disturbance can vary from a single tree windthrow to extreme cases, 

like over fifty thousand hectares blown down by the Mount St. Helens eruption in 1980 

(Turner et al. 1997).  Early-successional species are successful colonizers after large 

disturbances because they possess certain life-history traits like rapid growth, the ability 

to produce large numbers of propagules, long distance dispersal, and the ability to survive 



6 
 

in dormancy for long periods of time (Marks 1974).  In mature forests, very large intense 

disturbances may delay succession by requiring recruitment of species from outside the 

existing community, thus reintroducing early successional species to the system.  In 

contrast, gaps created by small-scale, less intense disturbances, will likely become 

comprised of shade-tolerant species that are already present and succession will move 

forward (Connell and Slatyer 1977; Poulson and Platt 1989; Whitmore 1989).  While 

these generalizations are common, it is also possible that even relatively small-scale 

disturbances can facilitate species that are not shade tolerant and it is important to note 

that disturbances can be small but severe or large but not severe (Runkle 1985).  

Stochastic events may also allow plants to dominate a gap by chance, simply by being in 

the proper location at the time of disturbance, or having propagules nearby (Barnes et al. 

1998).       

Severity, or the extent of damage inflicted upon the forest, can vary within and 

among different types of disturbance.  For example, a forest fire can be a light surface fire 

which impacts only herbaceous plants and low growing shrubs, or it can be a severe 

crown fire that kills most of the canopy trees as well as other vegetation (Gurevitch et al. 

2002).  Roberts (2004) stated that understory survival is a function of disturbance type 

and severity, describing the latter as the proportion of forest floor and soil disrupted, the 

proportion forest canopy removed, and the proportion of understory vegetation removed.  

For example, a cool fire might remove very little canopy and disrupt a small portion of 

forest floor, but a large portion of understory may be removed; whereas, insect 

defoliation may remove a large portion of the canopy with little disturbance to the forest 

floor or understory vegetation.  Multiple disturbances, in combination or sequence, such 
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as wind followed closely by fire, can create conditions much different from one 

disturbance acting alone (Runkle 1985; Roberts 2004; Perry et al. 2008; Royo et al. 

2010).   A variety of disturbance types and intensities produces heterogeneous patterns of 

environmental conditions, surviving organisms and propagules (Turner et al. 1998).  

Climate and Weather 

In addition to life history characteristics, site conditions, and disturbance regimes, 

an important influence on succession is climate and weather. For example, suboptimal 

temperatures or shortages of water can induce stress upon the system which can restrict 

production, alter interactions and limit growth of some species (Grime 1977).   Changes 

in climate can alter the frequency, duration and timing of fire, drought, introduced 

species, insect and pathogen outbreaks, windstorms, and ice storms (Dale et al. 2001).  

For example, drought and high winds allow small fires to become large ones (Perry et al. 

2008).     

Northern Wisconsin Landscape Changes 

A number of factors have influenced successional pathways throughout time, 

including changes in climatic and environmental conditions, as well as human alterations 

to the landscape.  Northern Wisconsin’s topography and biota were altered dramatically 

by recurrent glaciers of the Pleistocene, which was followed by a warming period about 

10,000 years ago (Waller and Rooney 2010).  Shortly after the glaciers receded and the 

climate became warmer, the area was settled by Native Americans who hunted, trapped, 

fished, mined, farmed, and burned lands across Wisconsin, thus altering the landscape 

(Waller and Rooney 2010).  Some of these alterations are known, while others are only 

suspected.  However, well documented dramatic forest changes occurred when 
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Europeans settled the area and began logging operations.  Closely following European 

settlement in Wisconsin, large tracts of land were selectively harvested for large, high 

quality sawlog trees (Mladenoff and Pastor 1993).   The extensive cutovers were 

followed by intense slash fires, more severe than the region had historically experienced 

(Waller and Rooney 2010).  The resulting forests were dramatically altered both 

structurally and compositionally (Frelich and Lorimer 1991; Mladenoff and Pastor 1993; 

Waller and Rooney 2010).  Prior to the extensive cutovers, approximately sixty to 

seventy percent of northern forests were mature or old growth and contained larger, older 

trees than today (Frelich and Lorimer 1991).  Mesic uplands were comprised of Eastern 

hemlock (Tsuga canadensis), yellow birch (Betula alleghaniensis), sugar maple, (Acer 

saccharum), basswood (Tilia americana) and elm (Ulmus spp.) (Rhemtulla et al. 2009).  

From 1850 to 1935, forest cover in northern Wisconsin decreased from about 84% to 

56%, and cropland increased to 24% (Rhemtulla et al. 2007).  By 1936, when the first 

statewide inventory was conducted, forests were comprised primarily of young, early 

succession second growth (WDNR 2000).  In general, the large cutovers led to increases 

in sugar maple and aspen, and decreases in white pine, yellow birch, and especially 

hemlock, which was reduced to about 0.5% of its original abundance (Waller and Rooney 

2010).  It was not until the early 1990s that ecosystem management became the guiding 

model for federal forest land management, which has led to the current Forest Plan that 

addresses broad-scale ecosystem issues, including non-game wildlife and plants, forest 

health, ecosystem restoration, and social functions (Bresee et al. 2004). 
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Northern Wisconsin’s Mesic Forest Disturbance Regime 

Historically, windthrow was more important in the white pine and hemlock-

hardwood regions, and fire was the dominant disturbance type in red and jack pine forests 

(Waller and Rooney 2010).  Wind speeds of 100-120 km/hr occur every few years, 

causing scattered treefalls, while moderate to heavy disturbance from winds, removing up 

to half the canopy basal area, occurred once or twice during the lifespan of a cohort 

(Frelich and Lorimer 1991).  Older trees in the hemlock-hardwood region began to blow 

down after 100-300 years, while catastrophic winds leveling entire stands were less 

frequent, but important (Waller and Rooney 2010).  Such catastrophic winds are 

estimated to have a return interval of 1200 years in Northern Wisconsin (Canham and 

Loucks 1984).  Historically, several generations of trees would pass between catastrophic 

disturbances, creating uneven aged stands with an average of about ten age classes per 

0.5 hectare (Frelich and Lorimer 1991).   

 The natural fire return interval for hemlock-hardwood forests of Wisconsin is 

about 50-350 years (Gilliam and Roberts 2003).  Increased fire suppression efforts 

starting around 1930 have reduced the natural fire frequency in these systems, where 

moisture also prevents fire from being a common source of disturbance (Frelich and 

Lorimer 1991).  Estimated rotations of severe crown fires for these forests range from 

>1200 years (Whitney 1986) to >2500 years (Frelich and Lorimer 1991).  Ice storms and 

insect outbreaks are also part of the disturbance regime in these systems (Perry et al. 

2008).  However, the specific degree to which these factors play a role is less understood.  

Insect-caused mortality requires pathological investigation and the invasion of secondary 

pathogens makes the diagnosis difficult (Frelich and Lorimer 1991).  Research on ice 
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storm impacts is sparse and has typically focused on the impacts of one event on specific 

species (eg. De Steven et al. 1991).  The frequency of disturbance from ice storms is 

unpredictable and impacts are variable.      

Management Impacts 

Tree harvesting can alter disturbance regimes, successional pathways, and 

understory communities, depending on a number of factors.  Heavy equipment used for 

tree harvesting can cause soil disturbance, such as compaction, erosion and rutting.  With 

increased disturbance and compaction from harvesting equipment, ground flora species 

may shift from interior forest species to more invasive or noxious species (Zenner and 

Berger 2008).  Soil compaction increases bulk density and can reduce aeration, water 

supply, and rooting space (Greacen and Sands 1980).  Both early and late successional 

species can be negatively impacted by soil compaction (Small and McCarthy 2002).  

Compaction may restrict growth, but it can also benefit some plants depending on rooting 

depth, species, availability of water and nutrients, and other factors (Greacen and Sands 

1980).  Ponder (2008) found that while the number of trees and woody vines decreased 

with soil compaction, the opposite was true for herbaceous annuals, which increased in 

abundance with more severe soil compaction.  The extent of soil disturbance induced by 

harvesting depends on site type, type of machinery used, subsequent silivicultural 

treatments and the season of harvesting (Gilliam and Roberts 2003).  Wolf et al. (2007) 

found that winter-logged sites had significantly greater numbers of ecologically 

vulnerable native plant species than summer-logged sites, thus demonstrating that 

minimizing the amount of disturbance due to heavy machinery will lessen the impacts on 

the understory.  Although harvest related disturbances can restrict growth of certain 
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species, other species require some degree of soil disturbance to establish or persist 

(Sousa 1984).  

Tree harvesting can also have implications for soil nutrient contents and regimes.  

Trees accumulate nutrients from the soil over time, and when they are cut and harvested, 

these nutrients are removed from the system (Comerford and Neary 1985).  The amount 

of nutrients lost from harvesting depends on a number of factors including soil properties 

and harvest intensity (Grigal 2004).  Some models have predicted major Ca losses due to 

harvesting (eg. Federer et al. 1989).  However, long-term studies have indicated that for 

most mineral soils in the region, the nutrient capital is sufficient to tolerate a large 

number of forest rotations without deleterious impacts (Grigal 2004).   The degree to 

which tree harvesting directly impacts soil properties, nutrient availability, and plant 

growth depends on a number of factors and is therefore difficult to predict, especially 

over long periods of time.   

Tree harvesting requires the creation of roads in a forest, making the area easily 

accessible to humans, which can have unintended consequences for local understory 

species.  Roads create forest edges, which can act as corridors for exotic species that are 

spread by humans (Brothers and Spingarn 1992).  Species spread via logging roads do 

not necessarily invade forest interiors (Watkins et al. 2003), but exotic species often have 

the ability to outcompete native species (Levine et al. 2003) and certain woody invaders 

are capable of becoming very dense, causing native species richness and abundance to 

decline (Collier et al. 2002).  Edges created by roads can also contribute to higher 

whitetail deer populations (Waller and Alverson 1997), which may have unintended 

consequences on plant composition, based on deer browsing preference.  
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Silvicultural treatments vary from light thinnings to entire canopy removals, 

reflecting a gradient of disturbance sizes, frequencies, and severities.  Duffy and Meier 

(1992) suggested that herbaceous communities may be incapable of recovering from 

species losses, even fifty to eighty years after a clearcut.  Decocq et al. (2004) compared 

the impacts of coppice with standards to less intense, but more frequent selection cutting, 

over a thirty year period.  They hypothesized that selection cutting would more closely 

mimic the natural disturbance regime and would therefore be beneficial to understory 

diversity.  This was not the case, as selective cutting promoted rapid growth of Rubus 

fruticosus as well as increases in fern and graminoid cover, leading to a reduction in 

herbaceous and overall diversity.  The authors concluded that the frequency of selection 

thinning, compared to less frequent but more severe operations, prevents full canopy 

closure.  Metzger and Schultz (1981) examined changes after fifty years of management, 

and also found that thinning promoted the growth of shrubs and tall seedlings, which 

reduced herbaceous layer diversity.  Clearcuts, on the other hand, produced less 

structurally complex understories, which reduced competition between the herbaceous 

layer and the shrub layer.  Overall diversity was higher in thinned sites, but differences 

were minor.  

Smith et al. (2008) found that understory diversity was maintained or increased by 

three types of uneven-aged management over a four year period.  The number of local 

species losses was not significantly different in managed stands and controls, but late-

successional species diversity was lower in group-selection harvested stands than in 

structural complexity enhancement (SCE) stands.  The SCE treatment aimed to accelerate 

late-successional forest structure and function, by favoring large diameter trees and 
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increasing snags and downed logs, among other considerations.  Battles et al. (2001) 

found that, while intense even-aged management contributed to higher species richness, 

stands with uneven age management had a higher proportion of late-successional species.   

Crow et al. (2002) found that, after twenty years of management, thinnings 

promoted understory development, but did not significantly change species richness 

because most of the species recruited in the understory were already common in the 

landscape.  Kern et al. (2006) investigated changes forty years after disturbance.  They 

found little difference in ground-layer richness, diversity, evenness and composition 

among even-age or uneven-age managed stands or between managed stands and controls.  

The authors suggested that initial changes in ground-layer composition recover to 

original levels after forty to fifty years, or as soon as ten years after a selection harvest if 

disturbance to the forest floor is minimized.   

Alteration of the canopy immediately changes conditions for understory species.  

Over time, various plant species respond differently to these alterations, depending on the 

type and severity of disturbance, as well as the life-history characteristics of plant species 

present (Gilliam and Roberts 2003).  Pioneer species change the composition after gap 

creation in second-growth forests, and alter and conditions for further colonization.  

Long-term impacts can occur gradually and become difficult to detect.   

Exotic Earthworms 

Another impact of human activity is the introduction of earthworms into 

Wisconsin’s forests.  Since the last glacial advance, these ecosystems have been free of 

earthworms, but fishing and other activities have led to the introduction of these exotic 
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invaders and their populations are rapidly increasing (Hale 2008).  Earthworms consume 

leaf litter, soil organic matter, and microorganisms, thus altering chemical, physical and 

biological components of forest soils (Hale et al. 2006).  They can reduce the thickness of 

organic soil horizons, increase soil bulk densities, and mix litter and humus into deeper 

soil horizons, turning mor into mull humus (Frelich et al. 2006).  Mor humus is 

comprised solely of organic matter and is sharply delineated from the mineral layer, 

whereas mull humus is characterized by a granular structure that contains considerable 

amounts of mineral material (Pritchett 1979).  As a result of these soil impacts, seedbed 

conditions for vascular plants are altered, which can significantly change the composition 

of plant communities.   

Earthworms are classified by three broad ecological groups based on feeding and 

burrowing habits (UMD 2011).  Epigeic species live and feed in the litter layer or just 

below it, but above the mineral soil.  Endogeic earthworms live and feed in the mineral 

layers.  Anecic earthworms feed on fresh surface litter, but burrow very deep into the soil.  

Earthworm classes have variable effects on soil properties, which in turn impacts plant 

communities differently.  Hale et al. (2005) found that Lumbricus rubellus, an epi-

endogeic species, caused the most rapid removal of the forest floor during initial 

invasion.  Conversely, epigeic species such as Dendrobaena octaedra, have negligible 

effects on plant communities (Hale et al. 2006).  Invasions of epigeic and epi-endogiec 

may facilitate the establishment of other earthworm species.  This can eventually result in 

stable endogeic and anecic populations which prevent the forest floor from recovering 

after it has been removed by epigeic and epi-endogic species (Hale et al. 2005).   
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Nuzzo et al. (2008) found that the presence of native woody and herbaceous 

plants was negatively associated with earthworm biomass and suggested that earthworms 

have more impact on native species composition than exotic plant species.  Various plant 

species are affected differently by the presence of earthworms (Corio et al. 2009; 

Eisenhauer et al. 2009).  Researchers have differed in their findings on indentifying 

species that are positively or negatively impacted by earthworm invasions.  Corio et al. 

(2009) found that Dryopteris intermedia (intermediate wood fern) and Allium trioccum 

(wild leek) were positively impacted by heavy earthworm invasions, while Holdsworth et 

al. (2007) found that, within the Chequamegon, Arisaema triphyllum (jack-in-the-pulpit) 

and Carex pensylvanica (Pennsylvania sedge) were associated with highly invaded plots.  

In the latter study, high earthworm biomass was negatively associated with Aralia 

nudicaulis (wild sarsasparilla), Aster macrophylus (big-leaved aster), Streptopus roseus 

(rose twisted stalk), polygonatum pubescens (hairy solomon’s seal), Smilacina racemosa 

(false solomon’s seal) and Lycopodium obscurum (princess pine).  Gundale (2002) 

attributed local extirpations of Botrychium mormo, the rare goblin fern, to exotic 

earthworm invasions.  He explained that the goblin fern persists in the organic layer 

which is consumed by exotic earthworms, and this species probably relies on mycorrhizal 

networks that have been destroyed by earthworms. Research on exotic earthworms is 

fairly recent, and findings have been somewhat variable.  A more comprehensive 

understanding of exotic earthworm impacts warrants further investigation.    

Whitetail Deer Herbivory 

Deer were among the earliest postglacial colonizers of Wisconsin (Waller and 

Rooney 2010).  Prior to European settlement, deer populations were controlled by 
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weather, habitat dynamics, interactions with people and wolves, and competition with 

moose and elk (Waller and Rooney 2010).  Near Native American villages, whitetail deer 

were heavily hunted, but deer densities prior to quantitative monitoring are unknown.  

Europeans eliminated many natural predators and created legislation protecting whitetail 

deer (Rooney 2001).  Harsh winters once caused deer to seek thermal cover, 

concentrating their populations where evergreen cover was present.  Increasing winter 

temperatures may lessen the impact of winter constraints on deer populations, thus 

altering the pattern of winter browse (Frelich and Reich 2009).  In addition, intensive 

logging increased the amount of edges and early successional communities, creating 

favorable conditions for these herbivores and increased deer populations (Kohn and 

Mooty 1971; Waller and Rooney 2010).  

In 2003, average deer populations across Wisconsin were estimated to be about 

2.5-5 times higher than before European settlement (Rooney and Waller 2003).  In 2009, 

the statewide deer population was lower than it had been for five years, but populations 

were still well above the DNR statewide goal in many management units (WDNR 2011).  

Wisconsin DNR estimations of fall deer populations in 2010 across the Chequamegon 

ranged from about 6-14 deer/km2 (WDNR 2011).  

The impact of deer browsing on tree species regeneration is a primary concern 

among ecologists, foresters and land managers.  Overabundant deer populations can limit 

regeneration of certain species like red oak, hemlock, and white-cedar, contributing to 

complete regeneration failure at the most extreme densities (Rooney and Waller 2003).  

In very high densities (30-37 deer/km2), deer can alter the course of succession so that the 

eventual stable forest community differs from what would have occurred in the absence 
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of high deer densities (Anderson and Loucks 1979; Stromayer and Warren 1997).   In 

such areas, restoring these systems may require management techniques beyond simply 

reducing deer populations.  On the other hand, impacts of densities less than 7 deer/km2 

may be undetectable (Augustine et al. 1998).  Although it has been demonstrated that 

high densities of deer are capable of altering the rate and direction of natural succession, 

the likelihood of such occurrences, and at which densities and conditions, requires further 

investigation (Russel et al. 2001).  

Impacts of browsing on plant communities vary dramatically across a gradient of 

deer densities.  Horsely et al. (2003) compared densities of 4, 8 ,15, and 25 deer/km2 and 

found an overall reduction in species diversity and altered species composition with 

increasing deer density.  Recently, it has been demonstrated that browsing at moderate 

deer densities (4.6-7.7 deer/km2) can actually promote herbaceous richness by selecting 

for early-successional species that would otherwise dominate the understory following 

disturbances (Royo et al. 2010).  Similarly, some arboreal species may benefit.  Rooney 

and Waller (2003) suggested that yellow birch may have maximum regeneration success 

under intermediate densities of deer (10-12 deer/km2), with high and low densities 

limiting yellow birch regeneration.    

Deer browsing directly impacts individual plants by reducing height, changing 

morphology, and reducing reproductive output (Shelton and Inoye 1995).  Reducing the 

height of plants can limit the dispersal distance of plants with wind-dispersed seeds 

(Shelton and Inouye 1995).  In most cases effects on plant growth are related to effects on 

the plant population and community (Rusell et al. 2001).   
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The effects of deer browsing vary among plant populations due to differences in 

species palatability, availability, tolerance, and timing.  High deer densities are often 

associated with increases in the relative abundance of ferns, grasses, and sedges, and 

decreases in forb diversity (Horsley et al. 2003; Rooney and Waller 2003).  Native forbs 

that appear to be most vulnerable to deer browsing include Trillium grandiflorum, 

Maianthemum candense and Streptopus roseus, among others (Rooney 2001; Wiegmann 

and Waller 2006).  Deer typically select large forbs over smaller ones, and within a 

population flowering plants are larger than non-flowering plants.  As a result, deer have 

the potential to both decrease the height of browsed plants in successive growing seasons 

and reduce the reproductive output of a population (Anderson 1994; Augustine and 

Frelich 1998).  It is often assumed that selective browsing by deer contributes to 

increases in the abundance of non-palatable herbs, but in some cases, intense herbivory 

causes populations of even non-palatable herbs to decline (Augustine and McNaughton 

1998; Heckel et al. 2010).  

Plant availability also influences the likelihood of browsing.  When forage is 

abundant in the summer, deer can afford to select tree leaves, forbs, and fruits.  In the fall, 

grasses dominate their diet.  In winter months, deer become limited by what is available 

and may be forced to consume woody tissues (McCaffery et al. 1974).  In the winter, 

where available, hemlock becomes an important source of their diet, which can severely 

limit recruitment of this species at a regional scale (Rooney 2001).  In addition to 

seasonal availability, plant populations may be more likely to decline or be eliminated 

when their initial densities are low (Augustine et al. 1998).   
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Plant tolerance to herbivory differs among species and taxonomic groups, which 

can also depend on extrinsic factors such as moisture and nutrient availability (Strauss 

and Agrawal 1999).  The location of buds can contribute to browsing tolerance.  For 

example, hemlock does not endure browsing as well as deciduous trees because its buds 

are located only on branch ends, and are entirely consumed by deer.  Species like Acer 

saccharum (sugar maple) have additional buds closer to the stem which increases its 

capacity to withstand heavy browsing for several years without experiencing mortality 

(Stoeckeler et al. 1957).   

The extent to which herbivory impacts plant performance also depends on timing, 

as it relates to plant phenology, location and age of attacked tissue, and frequency of 

herbivory (Crawley 1997).  Plants that are attacked earlier in their growing season may 

have a higher potential for regrowth, whereas plants attacked later in the season may not 

have time for regrowth, and become more vulnerable to frost or drought (Crawley 1997; 

Strauss and Agrawal 1999).  However, Knight (2003) found that while reproductive 

Trillium grandiflorum individuals were more likely to regress to non-reproductive stages 

in the growing season after herbivory, this likelihood increased when browsing occurred 

early in the growing season.  Opinions on the mechanisms for, and degree to which, plant 

tolerance or compensation for tissue loss are variable, due to the complexity of such 

analyses in natural conditions (Fritz and Simms 1992).   

Researchers have identified deer as potential drivers of homogenization (Rooney 

et al. 2004; Wiegmann and Waller 2006; Rooney 2009).  For example, Rooney (2009) 

found that after sixteen years of deer enclosure, graminoids represented less than 10% of 

the total cover in exclosures, versus 83% of the relative vegetation cover in areas where 
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deer were present.  Compositional similarity was higher in areas with deer, implicating 

deer as drivers of homogenization.     

Biotic Homogenization 

Recent studies have shown that forests in northern Wisconsin have increased in 

compositional similarity over the past fifty years, a phenomenon referred to as biotic 

homogenization or simplification (Rooney et al. 2004, Wiegmann and Waller 2006).  

Rooney et al. (2004) found a 31% rise in community similarity across northern Michigan 

and Wisconsin, primarily due to native species losses.    

Biotic simplification can result from extinctions, invasions, or a combination of 

both (Olden and Poff 2003; Rooney et al. 2004; Lambdon et al. 2008).  However, neither 

invasions nor extinctions necessarily lead to homogenization and can also result in 

differentiation, or decreased similarity (Olden 2006).  Several researchers have attempted 

to explain what makes certain communities more vulnerable to exotic invasions (eg. 

Lonsdale 1999; Alpert et al. 2000; Von Holle et al. 2003), species losses (Kotiaho et al. 

2004; Matthies et al. 2004), and homogenization (Olden and Poff 2003; Quian and Guo 

2010).  Rates of homogenization may be higher in communities with a higher number of 

species because of the larger number of vulnerable species (Olden and Poff 2003). 

Among other traits, low seed longevity (Stocklin and Fischer 1999) and small 

populations or low genetic variation (Newman and Pilson 1997) increase the 

vulnerability of communities to species losses.  However, predicting rates and likelihoods 

of extinctions, invasions, homogenization and differentiation has proved very difficult 

because it requires extensive investigations on multiple temporal and spatial scales. 
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Rooney et al. (2004) found that sites increased in compositional similarity over 

the fifty year study period, which was due largely to species losses. The positive 

correlation between increases in habitat generalists and biotic homogenization detected 

by their study led them to conclude that generalists are replacing specialists.  

Cosmopolitan species represent a very small portion of the world’s plants, but the 

specific causes of commonness or rarity are not easily generalized (Kruckerberg and 

Rabinowitz 1985).  It is often assumed that specialists are negatively impacted by 

disturbance, while generalists tend to benefit, but this is not necessarily true (Vazquez 

and Simberloff 2002).  Wiegmann and Waller (2006) examined which species increased 

and which decreased from homogenization over a fifty year period and found that                                                                                                                                

species that increased in abundance were primarily grasses and sedges, and most were 

abiotically pollinated.  Species that decreased were typically rare forbs that rely on 

animals for pollination or dispersal.  Additionally, they suggested that species more 

susceptible to extirpation are sensitive to desiccation, anthropogenic disturbance or 

whitetail deer herbivory.   

A combination of altered disturbance regimes and high resource availability may 

increase vulnerability to invasions (Alpert et al. 2000).  Some invasive species may play 

an important role in homogenization across North America because of their high 

genotypic and phenotypic elasticity, diverse reproductive modes, high growth rates, good 

dispersal abilities, and their ability to tolerate a broad range of conditions (Williamson 

and Fitter 1996).   

Identifying all possible mechanisms of change is nearly impossible, given the 

many complex interactions and processes that exist in nature, but further investigations 



22 
 

should provide more insight into specific characteristics of species and communities 

which increase their susceptibility to extinction, invasion and homogenization. Only by 

doing so can we predict the long-term impacts of fragmentation, changes in disturbance 

regimes, increases in herbivory and other agents of community alteration, on successional 

trajectories.    

Expected Change in Second-Growth Mesic Forests 

Patterns of species diversity during succession depend largely on the nature of 

disturbance (Perry et al. 2008) and the ecosystem type (Barnes et al. 1998).  In general, 

richness is often relatively high during the early stages of secondary succession, and 

remains high until canopy closure occurs, at which time diversity generally decreases 

(Perry et al. 2008).  In order to attribute temporal changes in understory assemblages to a 

specific factor, it is crucial to know how much variation is expected in the absence of 

outside influences.  Determining the magnitude of such variation is challenging, but some 

predictions can be made based on previous research in areas that closely resemble 

historically natural conditions.  

The general consensus among research on mesic upland forests in the region is 

that richness in second-growth unmanaged forests does not dramatically change as it 

succeeds to old growth forest (Crow et al. 2002; Scheller and Mladenoff 2002; Kraft et 

al. 2004). Understory richness in second growth forests was about 65-67 species per .01 

hectare (Crow et al. 2002; Kraft et al. 2004).       
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Objectives 

This thesis quantified and described changes in understory diversity and 

composition in mesic uplands of the Chequamegon National Forest from 1990 to 2009.  

It also qualitatively assessed changes in exotic plants and growth forms.  It quantified the 

impacts of forest management, whitetail deer herbivory and earthworm abundance on 

richness and diversity.  It also discussed whether and how these factors may have 

contributed to homogenization.   
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METHODS 

Study Area and Experimental Design 

The study was conducted in the Chequamegon portion of the Chequamegon-

Nicolet National Forest, which covers about 347,400 hectares of hardwoods-hemlock-

pine, swamp conifer forests and non-forested wetlands in northern Wisconsin (USDA 

2007).  This study focused on a subset of 105 permanent plots (hereafter referred to as 

units) established by the U.S. Forest Service as part of a study designed to assess the 

accomplishment of management objectives related to ecosystem health, by monitoring 

ecological processes and components of biological diversity (Vora 1997).  Units were 

stratified by broad ecological sub-regions, and were initially sampled from 1990-1992 

(hereafter referred to as 1991).  A subset of units was sampled again in 1996 and another 

subset of units was measured in 2003, but these intermediate inventories were not 

included in the analysis.   

The Chequamegon is composed of a mosaic of various cover types and site 

conditions that range from cedar swamps to jack pine barrens.  In this study, only closed 

canopy, mesic upland forests were analyzed.  The Wisconsin Forest Habitat Type 

Classification System was used to determine which units were classified as mesic uplands 

(Kotar et al. 1988).  Four habitat types were used: TMC, ATM, ATD and AViO 

(Appendix 1).  These habitat types are characterized by soils that are generally mesic and 

of medium nutrient status.  Common overstory species are Acer saccharum (sugar 

maple), Acer rubrum (red maple), Betula papyrifera (paper birch), Quercus rubra 

(northern red oak) and Tsuga canadensis (eastern hemlock).  
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Each sample unit was comprised of ten points divided among three parallel north-

south oriented transects.   The center transect was comprised of points seven, one, two 

and three; the western transect included points eight, nine and ten; and points four, five, 

and six were located on the eastern transect.  Points were all twenty-one meters apart.  

This sample design was adopted from the Forest Inventory and Analysis (FIA) protocol 

(Figure 1).     

 

 

 

 

 

 

 

The 34 units utilized in this study included nine “managed” and twenty-five 

“control” units based on U.S. Forest Service reported activity.  Managed units were 

defined as those having experienced some kind of silivicultural treatment involving tree 

removal since 1985, almost all of which were partial harvests (Appendix 2).  Control 

units for this project had not had any tree removal since at least 1983, although specific 

dates of the most recent harvest activities were not available for control units. 

Figure 1.  Layout of sampling units (figure not drawn to scale). 
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Field Methods   

The units were relocated based on distance and direction records using a compass 

and pacing to point 1.  Point 1 was marked with a yellow plastic stake, and witness trees 

at each plot were marked with paint, unless they were in a wilderness area.  Units used 

for this study were sampled in June-August of 2008 and 2009 (hereafter referred to as 

2009).  Understory cover and composition were measured one meter north of each point 

within a circular meter2 plot.  Each understory species, both woody and herbaceous, <1.5 

meters tall was recorded and the percent cover of each species within the plot was 

estimated using cover classes (Appendix 3).  The authority used to identify species was 

the USDA Plants database (USDA 2011).  Some changes in taxonomy have occurred 

since 1991, in which case original classifications were used.  Some individuals could 

only be identified to the genus level.  If a plant could not be identified in the field, a 

specimen was collected and labeled for later identification.  A few juvenile individuals 

were unidentifiable and the species was recorded as ‘unknown.’  Although protocol for 

inventorying understory composition was similar for 1991 and 2009, there were some 

differences.  Certain genera were more commonly identified to species level in 1991 (eg. 

Viola) and others were more specifically identified in 2009 (eg. Carex).  After measuring 

plants within the ten, 1-meter2 plots, a fifteen minute search for plants (<1.5 m) not found 

within the plots was performed throughout the entire core sampling unit, and each of 

these species was recorded.   

For units sampled in 2009 (N=9), species presence was recorded in eight 

additional extended-sampling 1-meter2 plots outside the core sampling unit.  These 

extended plots were located at thirty and sixty meters NW, NE, SW and SE of plots 10, 4, 
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8, and 6 respectively.  Although extended sampling plots were not analyzed in this study, 

species detected were documented for future studies (Appendix 12).       

Hot mustard liquid extraction was used to measure earthworm abundance within 

30.5-cm2 square plots from late July to early August, four meters west of points eight and 

ten, and four meters east of points four and six.  A solution of four liters of water and 

forty grams of ground yellow mustard seed was used for the extractions (Hale et al. 

2005).   The surface litter was cleared and half of the solution was slowly poured over the 

sample area.  As the mustard solution forced worms to the surface, forceps were used to 

remove all worms within the sample area and place them in isopropyl alcohol.  After two 

minutes, the remainder of the solution was poured over the sample area and any worms 

that surfaced were collected and placed in the alcohol.  When worms ceased to surface, 

the length of all collected worms was measured and each specimen was classified as 

epigeic (strictly litter dwellers), epi-endogeic (litter and upper soil dwellers), endogeic 

(strictly mineral soil dwellers) or anecic (deep-burrowing surface feeders) (Hale et al. 

2005).  

The level of browse was measured using fixed-area circular plots with a two-

meter radius, which were laid out three meters to the east of points one, three, five, seven 

and nine.  In each plot, the number of maple (Acer spp.) seedlings within a quarter of the 

plot, in two size classes, was counted.  The two size classes were fifteen centimeters to 

sixty centimeters and sixty centimeters to two meters.  If the number of sugar maple 

seedlings exceeded twenty, seedlings were counted and the average level of browsing 

(%) was estimated, by class, across all twigs present (Appendix 4).  If the number of 

maple seedlings was fewer than twenty, additional quarters of the circle were sampled 
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until at least twenty maple seedlings were counted.  This method for determining a 

browse index was derived from Frelich and Lorimer (1985).  The number of seedlings 

was also recorded for other arboreal species present, but these data were not utilized in 

this study.  

Although the protocol in 1991 was similar to that of 2009, vegetation cover was 

measured in broader classes in 1991 and did not include estimates of deer browse, 

inventories of earthworms, or extended sampling beyond the ten ‘core unit’ plots.   

 Data Analysis 

Temporal Comparisons 

 Composition  

Each species was identified by growth form and status (native or exotic), based on 

descriptions from the University of Wisconsin- Stevens Point Freckmann Herbarium 

(UW-SP 2011).  The relative cover of growth forms was qualitatively compared between 

sample periods, based solely on individuals within the ten, 1-meter2 sample plots.   

Constancy, defined as the percent of units occupied by a species regardless of 

abundance, was calculated for all species detected in both time periods (Appendix 10).  

This included all individuals within a unit, including those found only during the fifteen-

minute walk-through inspection.  Because some individuals were identified only to 

genera, some species within a genus were lumped together.  If fewer than fifteen percent 

of individuals were identified to species for either time period, species within the genus 

were lumped.  If fifteen percent or more of individuals within a genus were identified to 

species for either time period, individuals identified only to that genus were omitted.  
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Species that have been introduced, but have become ‘naturalized’ were 

considered exotic.  Taxa were counted as an exotic only when it was unambiguous.  If an 

individual was identified only to a genus which contains both exotic and native species, it 

was not counted as an exotic species.  However, if all species within a genus are non-

native to the area, it was considered exotic.  Constancy of each exotic was calculated by 

period and the data were qualitatively analyzed (Appendix 7).  This included all 

individuals found within a unit, including those detected only in the fifteen minute walk-

through inspection.     

Constancy values were used simply to observe changes in the presence of all 

species and the presence of exotics.  They were not statistically analyzed, but rather were 

used to supplement statistical analyses by examining specific species and genera.   

Diversity Indices 

Richness (R) was defined as the number of unique taxa present in a unit, 

including those found during the fifteen minute walk-through inspection.  If an individual 

was identified to genus level only within a unit, it was included in the richness count 

unless other species within that genus were also present.  When species within a genus 

were present as well as individuals identified to genus level only, those identified only to 

genus were not included.   

Shannon-Wiener diversity index (H’) (Barnes et al. 1998) was used to quantify 

the diversity of each unit.   Average percent cover was utilized as the measure of 

abundance, and was calculated for each unit, using midpoints of cover classes.  Cover 

classes were more precise in 2009 than in 1991, so midpoints were recalculated for 2009 
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data using 1991 cover classes in order to form a more consistent temporal comparison 

(Appendix 3).   

Cook and Bartkowiak (2009) analyzed total understory cover of all species 

combined from these and other units, with the exception of those inventoried in 2009.  

When cover was examined for four time periods (1991, 1996, 2003 and 2008), no 

directional change was detected.  Rather, cover fluctuated over time, which was 

attributed to weather patterns.  Because of this, total cover was not included in any 

statistical analysis. 

Pearson’s correlation coefficient (Quinn and Keough 2002) was used to determine 

that R and H’ were not statistically independent in 1991 (p=.001) or in 2009 (p=.002).  

Therefore, p-values for H’ and R analyses were adjusted using the Bonferroni correction.  

For all statistical analyses other than regressions, a Shapiro-Wilk test was used for testing 

normality assumptions and Levene’s test of equal variances was used to test for equality 

of variances.  

A paired t-test (α=.025) was used to compare R in 1991 to 2009.  The assumption 

of normality of differences between pairs was met for R (p=.460).  Data for H’ did not 

meet the normality assumption (p=.038), so a non-parametric Wilcoxon signed-rank test 

(Quinn and Keough 2002) (α=.025) was used to compare H’ in 1991 to 2009. 

A 2-sample t-test (α=.025) was used to compare R (2009) in managed and control 

units.  Assumptions of normality were met for R in managed units (p=.974) and in 

control units (p=.053) and variances were equal (p=.542).  Data for H’ did not meet the 

normality assumption in control units (p=.009), so a non-parametric Mann-Whitney test 
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(Quinn and Keough 2002) was used to compare H’ in managed units to control units 

(α=.025).   

Data were not available for unit 55912 in 1991 so this unit was excluded for all 

temporal comparisons.  Only species presence was recorded for unit 71092, so analyses 

requiring cover excluded this unit for temporal comparisons.   

Similarity 

Detrended Correspondence Analysis (DCA) (PC-Ord version 5.32) was used to 

qualitatively assess changes in similarity among units from 1991 to 2009 (McCune and 

Grace 2002).  For each unit, average percent cover of each taxon was calculated for 1991 

and 2009.  These data were put into a matrix, with each row representing a unit by time 

period and each column representing a unique taxon.  A second matrix was used to code 

for the corresponding time period.  DCA was used because of its ease of interpretation for 

multivariate ecological data sets with environmental gradients (Peet et al. 1988).  The 

output of the DCA provided a spatial arrangement of all units in 1991 and 2009 based on 

how plant assemblages reflected two different environmental gradients (axes).  A visual 

comparison of 1991 units to 2009 units in ordination space was used to detect whether a 

convergence in composition and abundance had occurred.  A convergence in similarity 

would be represented by a tighter cluster among 2009 units relative to the distribution of 

1991 units.   

Using the original matrix, the Sorensen’s (also called Bray-Curtis) dissimilarity 

distance was used to compare the mean dissimilarity of each unit to all other units for 

both time periods (PC-Ord version 5.32) (McCune and Grace 2002).  This was used to 

calculate an average similarity of units for each time period, in order to determine the 
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magnitude of convergence in species composition from 1991 to 2009.  A value of 1 

indicated that sites were entirely similar and 0 indicated that sites were entirely 

dissimilar.  

Earthworm Impacts 

Earthworm lengths were converted to ash-free dry (AFD) grams of biomass for all 

worms in each unit using the equation ln(AFDbiomass) = [2.2853 x LN(length)] – 

11.9047 and then exponentiating the calculated ln(AFDB) (Hale et al. 2005).  Ash-free 

dry biomass eliminates mass of moisture and gut retention of the earthworms so that 

comparisons across sites were not confounded by site factors (UMD 2011).  Regression 

(α=.025) was used to test the relationship between average earthworm biomass/meter2 

and R.  A separate regression (α=.025) was used to test the relationship between 

earthworm biomass and H’.  For all regression analyses, simple x-y scatterplots in Excel 

2010 were used to assess assumptions of linearity.  Normal probability plots and 

histograms were used to assess assumptions of normality of residuals, and scatterplots 

were used to assess assumptions of homoscedasity of residuals (Quinn and Keough 

2002).   

Deer Browsing Impacts 

Two methods were used to assess levels of whitetail deer browse.  Maple browse 

(%) was used as an indicator of arboreal browse by whitetail deer (Frelich and Lorimer 

1985).  Average maple browse of small and large saplings was used because of the low 

sample size within individual height classes.  Regression (α=.025) was used to test for a 

relationship between average maple browse and R.  A separate regression (α=.025) was 

performed to compare sugar maple browse and H’.   
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In addition to the arboreal browse assessment, five species and one genus were 

used as an indicator of deer browse on the ground flora, based on preferences by whitetail 

deer (Kraft et al. 2004) (Appendix 5).  Individual indicators were assigned a value of 1, -

1, or 0, depending on whether that taxon was gained, lost or was unchanged, respectively, 

within a unit from 1991 to 2009 (Appendix 6).  This included individuals identified 

during the walk-through inspection.  If an indicator was not present in either time period, 

it was not assigned any value.  The values were then averaged across each unit to 

calculate an index of Browse Indicator Change (BIC), in which a negative BIC represents 

a collective loss in indicators, suggesting an increase in deer browse pressure.  The BIC 

index was compared to R and H’ via separate regressions (α=.025).  

Management Impacts 

The relative cover of growth forms in the ten 1-meter2 plots was qualitatively 

compared between managed and control units in 2009.   

A 2-sample t-test (α=.05) was used to compare earthworm biomass in control 

units to managed units.  Earthworm biomass data had equal variances (p=.060) and 

normality assumptions were met for control units (p=.261) and managed units (p=.349). 

A 2-sample t-test (α=.05) was used to compare maple browse in managed and 

control units.  Maple browse data met assumptions of equal variances (p=.417) and 

normality for control (p=.108) and managed (p=.921) units.  A non-parametric Mann-

Whitney test (α=.05) was used to compare managed unit BIC to control unit BIC because 

BIC index data in control units did not meet the assumption of normality (p=.003).  



34 
 

Only the 2009 data were used to compare managed and control units with DCA.  

The output of DCA provided a plot of all 2009 units, coded by treatment, based on how 

plant assemblages reflected two environmental gradients (axes).  Factors influencing the 

resulting environmental gradients were investigated to some extent, but were not defined.  
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RESULTS  

Temporal Comparisons 

Composition 

Considering inventories from both time periods, prior to combining some species 

within genera for consistent, conservative temporal comparisons (Appendix 11), 264 

species and 11 additional genera were identified.    

The most noticeable decrease in constancy was among Viola spp. (violets) which 

were present in 79% of units in 1991, and only 30% of units in 2009 (Appendix 10).  

Three other non-tree species decreased in constancy by at least 30%; these were 

Osmorhiza claytonii (sweet cicely), Lycopodium lucidulum (now Huperzia lucidula) 

(shinning clubmoss), and Aralia racemosa (American spikenard).  The non-woody 

species that increased most in constancy was Brachelytrum erectrum (bearded 

shorthusk), a perennial grass that was found in only 6% of units in 1991 and 79% of units 

in 1991 (Appendix 10).  Four other non-tree species increased in constancy by 30% or 

more, including Polygonatum pubescens (hairy Solomon’s seal), Luzula acuminata (hairy 

woodrush), Oryzopsis asperifolia (roughleaf ricegrass), and Schizachne purpurascens 

(false melic) (Appendix 10).  It is important to note that several individuals were 

identified as “unkown grass-like species” in 1991, and were not included in the species 

list.  Unidentified grass species might have influenced species constancy calculations.   

The three most common tree species in the understory for both time periods were 

Acer saccharum (sugar maple), Acer rubrum (red maple), and Abies balsamea (balsam 

fir).  Among tree species, Betula papyrifera (paper birch) decreased most in constancy, 
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ocurring in 30% fewer units in 2009 than in 1991.  The tree species that increased most in 

constancy was Ostrya virginiana (hophornbeam).   

An average of 0.8 exotics were found per unit in 2009, representing an average 

cover of 0.05% (Table 1).  Among all units and both time periods, 12 exotic species and 

one additional exotic genus were recorded (Appendix 7).  The most common exotic 

during both time periods was Taraxacum spp. (dandelions).  Six exotics were detected in 

1991 that are no longer present and four exotics were present in 2009 that were not found 

in 1991.  Galeopsis tetrahit (bristlestem hemp-nettle) was not detected in 1991, but was 

found in 18% of units in 2009.  

Overall, the distribution of growth forms was similar for both time periods.  The 

most noticeable difference was the increased representation of graminoids from 9% of the 

total cover in 1991 to 14% in 2009 (Figure 2).      

 

  Figure 2. Relative cover (%) by growth form for both time periods. 
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Diversity and Similarity 

Richness (R) and diversity (H’) did not differ significantly between 1991 and 

2009 (p=.100 and p=.227 respectively).  Average R was 46.6±9.8 in 1991 and 49.6±13.1 

in 2009.  Average H’ was 2.2±0.5 in 1991 and 2.3±0.6 in 2009.  

Collectively, units became increasingly similar in compositional cover from 1991 

to 2009 as indicated by a smaller cluster towards the centroid of the DCA graph. This 

indicates some degree of convergence over time.  The Bray-Curtis measure of similarity 

was .18 in 1991 and .22 in 2009. 

   
Figure 3. DCA output comparing unit similarity in 1991 and 2009. 
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Earthworms 

Average earthworm biomass was 4.8± 2.5 grams (N=10; Table 1).  Earthworm 

biomass did not significantly impact R (p=.034) or H’ (p=.031).  The majority of 

earthworms found were juveniles (Appendix 8).  The most common ecological group 

among units was epigeic earthworms, while anecic worms were rarely found (Appendix 

8).  It is possible that the rarity of anecic worms was reflective of the sampling method.   

Whitetail deer herbivory 

Maple browse values ranged from no browsing (0%) to 65.5%, with an average of 

23.3% (± 19.6%) browsing on maple twigs across all units assessed (N=21; Table 1).   

Maple browse did not significantly influence R in 2009 (p=.299).  Maple browse also had 

no significant influence on H’ in 2009 (p=.294).   

Values for the BIC index ranged from -0.67 to 0.50 with an average of -0.01 

(Table 2).  The BIC index did not significantly influence R (p=.110) or H’ (p=.092).   
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Unit
Richness 

(R) 
Diversity 

(H') Cover (%)

Earthworm 
AFD biomass 

(grams)

Maple 
browse 

(%)

Browse 
Indicator 

Change (BIC)
Total # 

exotics*

Av. cover 
(%) of 

exotics**

Managed
71116 60 2.5 30.7 4.7 0.4 1.0 0.05
71174 49 2.3 24.4 0.0 -0.3 4.0 0.05
71505 41 1.2 34.3 6.8 11.5 0.3 1.0 0.00
72057 31 1.6 13.8 65.5 -0.2 1.0 0.00
72061 75 2.1 45.0 6.7 30.5 0.0 1.0 0.00
72078 51 2.6 32.7 40.5 0.0 2.0 0.00
72082 64 2.3 37.6 2.8 -0.5 2.0 0.00
72089 67 3.2 67.6 -0.3 1.0 0.10
73172 58 2.6 44.9 3.6 0.0 2.0 0.35

Average 55 2.3 36.7 4.9 29.6 -0.1 1.7 0.06

Control
51001 43 2.2 73.3 38.5 -0.5 0.0 0.00
51002 41 2.0 30.7 5.5 -0.7 0.0 0.00
51003 45 2.5 70.9 0.0 0.0 0.0 0.00
51004 41 2.1 52.1 -0.5 0.0 0.00
51005 51 2.6 31.3 0.3 0.0 0.00
52002 38 1.3 24.4 23.0 0.3 2.0 0.00
52003 48 1.4 33.0 40.5 0.4 1.0 0.10
52004 36 1.7 50.2 7.3 19.3 -0.5 0.0 0.00
52005 25 1.9 9.3 -0.3 0.0 0.00
52006 26 1.4 56.7 18.0 -0.4 0.0 0.00
52008 38 2.0 28.2 15.5 -0.7 1.0 0.30
52011 86 2.7 51.2 0.6 5.5 0.0 1.0 0.05
52012 58 2.8 39.6 60.5 0.3 0.0 0.00
55007 49 2.5 27.4 0.0 0.0 0.0 0.00
55912 34 2.6 7.1 5.8 0.0 0.00
71092 68 2.5 49.7 7.9 0.0 2.0 0.00
71110 53 2.6 52.6 40.5 0.3 1.0 0.30
71115 54 3.0 60.5 -0.3 1.0 0.35
71118 47 2.5 53.2 7.6 0.4 3.0 0.10
71501 54 2.7 55.8 0.3 0.0 0.00
72146 52 2.3 59.5 21.4 0.5 0.0 0.00
72501 47 2.4 43.7 40.5 0.3 0.0 0.00
72502 49 2.3 19.8 0.3 0.0 0.00
72505 41 2.8 35.5 0.3 0.0 0.00
75034 51 2.8 37.5 2.0 5.5 0.3 1.0 0.05

Average 47 2.3 42.1 4.7 21.4 0.0 0.5 0.05
Overall Average 49 2.3 40.7 4.8 23.3 0.0 0.8 0.05

  

Table 1. Average richness, Shannon-Wiener diversity index, understory cover, maple 
browse, earthworm ash-free dry biomass (AFDg), browse indicator change, number 
of exotics and average % cover of exotics per unit in 2008/2009.  

*Total # exotics included those detected in walk-through inspection.  

**Av. % of exotics was based solely on average of the ten 1-meter2 plots 
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Management impacts 

Average R in 2009 was 55±13.6 in managed units and 47±12.6 in control units, a 

difference that was not significant (p=.057).  Average H’ in 2009 also did not differ 

significantly between managed and control units (p=.341). 

In 2009, the average number of exotics was 0.52±0.1 in control units (N=24) and 

1.67±0.1 in managed units (N=9).  The most noticeable difference in relative cover of 

growth forms was among graminoids which represented about 10% more of the total 

cover in managed units than controls (Figure 5).   

Average earthworm biomass in managed units was not significantly different 

from earthworm biomass in control units (p=.866).   

 

 

   

 

Neither maple browse (p=.428) nor average BIC (p=.297) differed significantly in 

managed and control units.   

Figure 4. Relative cover (%) of growth forms in managed and control units (2009). 
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Management had little-to-no effect on community similarity.  Managed and 

control units (2009) almost completely overlap spatially on both Axis 1 and Axis 2 of the 

ordination space, indicating no difference overall composition and abundance distribution 

due to management (Figure 5).    

  

 

Figure 5. Distribution of all units by treatment category in ordination space in 
 2008/2009. 
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DISCUSSION 

Expected Change 

Basal area steadily increased over the study period, though overstory dominants 

remained largely unchanged (Cook and Bartkowiak 2009).  Average canopy cover was 

about 90%, with little variation between units.  Based on these maturing, closed canopy 

conditions, little change in understory richness was expected in the absence of any 

influences outside the natural successional pathway from 1991 to 2009 (Crow et al. 2002; 

Kraft et al. 2004).   Overall, average richness was 47 in 1991 and 50 in 2009 (Appendix 

9).  This was about lower than what other researchers have found, probably due to the 

identification discrepancies that required some individuals within a genus to be lumped.  

Despite the relatively stable average richness across all units, the majority of units 

exhibited dynamic site-level richness, increasing or decreasing by more than twice the 

average change in number of taxa.       

Temporal Changes 

Exotics 

Exotics were not common across the landscape, with an average of only 0.8 

exotics per unit and an average cover of 0.05%.  A possible explanation for the low 

overall cover of exotics is the distance from the units to roads or edges.  Although this 

distance was not measured, all of the units were in the interior forest.  Watkins et al. 

(2003) found that exotics were most prevalent within fifteen meters of roads, and were 

significantly less frequent and abundant in managed forest interiors.  They attributed this 

finding to increased disturbance and light availability near roads, an effect that lessens 
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along a gradient into the forest.  Similarly, Brothers and Spingarn (1992) suggested that 

forest edges may protect forest interiors from invasion by creating a dense wall of 

vegetation, which reduces interior light availability to levels insufficient for many exotic 

species, and reduces wind speeds, thus limiting dispersal distances.  They also 

hypothesized that mesic uplands, like those examined in this study, may be more resistant 

to invasion than dry uplands that have higher light availability, or areas subjected to 

recurrent fluvial disturbance.  Kern et al. (2006) attributed a lack of exotic invasions into 

managed forests to the minimized disturbance induced by winter logging.  Rooney et al. 

(2004) also found a low ratio of exotics to native species.  They found that while exotics 

had been introduced fifty years prior, overall representation was low.     

Even species which ecologists have deemed ecologically invasive do not always 

outcompete native vegetation upon introduction, which was the case with Rumex 

acetosella in this study.  This species, which has demonstrated invasive potential (UW-

SP 2011), was present in 6% of units in 1991 but disappeared from all units by 2009.  A 

possible explanation for the lack of successful invasions is that all exotics were shade-

intolerant species, typically found on disturbed sites (Huston 2004).  While they may 

have established in the understory following a disturbance, they were unable to survive 

after canopy closure.  Units have approximately 90% canopy cover (Cook and 

Bartkowiak 2009) and are continuing to mature, having not yet reached old-growth 

conditions.  Under these circumstances, shade-tolerant, late-successional natives have a 

competitive advantage.  Although it was assumed that all species were identified 

correctly and consistently during both time periods, it is possible that some species 



44 
 

misidenfication occurred, which may also have accounted for changes in exotics and 

other species. 

While overall representation of exotic species is low, it should not be ignored that 

some exotics were present in these forest interiors.  Galeopsis tetrahit is an invasive 

exotic that was not present in 1991, and currently exists in 18% of sample units. 

Combined, the species in the genus Taraxacum are the most prevalent exotics in these 

systems and were found in at least 25% of units during both time periods.  Increased 

disturbance could cause populations of these, and other exotics present, to increase 

(Alpert et al. 2000), but the persistence of these species under the current regime seems 

unlikely.  Although no apparent threat exists at present from exotics in the Chequamegon, 

data from this study can serve as a comparison for future assessments of exotic species in 

these forests.   

Similarity 

DCA provided qualitative evidence that some compositional convergence has 

occurred, which was not attributable to management decisions.  The Bray-Curtis 

similarity index increased from .18 in 1991 to .22 in 2009.  This 22.2% increase in 

similarity over the approximately twenty year study period was greater in magnitude on 

an annual basis than the 31% increase in similarity detected by Rooney et al. (2004) over 

fifty years.  Despite different magnitudes of increased similarity, the general trend was 

consistent.  Homogenization results from invasions, extinctions, or both.  The units in this 

study were closed canopy, maturing, second growth forests.  Invasions and extinctions 

are unlikely given the current successional state and disturbance regime.  In contrast with 

Rooney et al. (2004), increased similarity was not attributed primarily to species losses.  
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A similar number of units increased or decreased in richness, much greater than the 

average change in richness (Appendix 9).  The increased similarity in composition and 

cover, despite little change in average richness, suggests an increased similarity in the 

relative distribution of species or spread among units.  However, this study did not 

compare changes in similarity to specific species losses or gains.  Because richness does 

not account for taxonomic identities, further analyses are needed to definitively account 

for the increased similarity.     

This study did not identify specific factors that increased similarity.  However, 

other researchers have demonstrated the potential for whitetail deer to contribute to biotic 

homogenization (Rooney et al. 2004; Rooney 2009).  Rooney (2009) found dramatic 

changes in composition, but not richness or diversity, following sixteen years of deer 

enclosure where deer were otherwise abundant.   Deer contributed to significant increases 

in the relative cover of graminoids and increased compositional similarity.  Although 

deer browsing pressure was much higher in his study (25-30 deer/km2) than this one, 

similar trends of a lesser magnitude may have occurred.   

Other researchers have identified traits of species that are important in explaining 

homogenization (Rooney et al. 2004; Wiegmann and Waller 2006; Rooney 2009).  

Species that are abiotically pollinated or dispersed, including most graminoids, tend to 

benefit during homogenization (Wiegmann and Waller 2006; Rooney 2009).  Though it 

was not statistically analyzed, the relative cover of graminoids was slightly higher in 

2009 than 1991. The increased representation of graminoids could be associated with an 

increased number of graminoids species and losses of more vulnerable species.  There is 

a great deal of variation among species that decline as others become increasingly 
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common across the landscape (Rooney 2009).  Many species in this study were rare in 

the landscape, occurring in only one or two units (Appendix 10), which is typical.  The 

reason for their rarity was not explored.  It may have been stochastic, or it might reflect 

susceptibility to some type of disturbance.  These uncommon species may be vulnerable 

to landscape-level extinction based on their low constancies, but ultimately their fate is 

uncertain.  It is also possible that rare populations could increase or remain constant, thus 

having no homogenizing effect.  Biotically-dispersed species may be more vulnerable 

(Wiegmann and Waller 2006).  In this study, Viola spp., which often rely on ants for 

dispersal (Beattie and Lyons 1975), decreased in constancy more than any other taxon 

(Appendix 10).  Despite the fact that Viola decreased most in constancy, this does not 

necessarily indicate a greater ecological importance than changes in other taxa.  Some 

taxa disappeared completely over the study period, and some new taxa have appeared.  

Despite generalizations that may be useful in predicting compositional responses to 

various agents of change, predicting patterns of homogenization or differentiation is 

difficult because of the many interacting factors and processes.  Recently it has been 

demonstrated that understory communities across the region are increasing in 

compositional similarity (Rooney et al. 2004; Wiegmann and Waller 2006).  Although 

this study does not provide definitive evidence of homogenization, the increased 

similarity in relative taxa abundance has probably resulted from homogenization.  

Others have demonstrated that deer browsing and earthworm invasions can lead 

to various plant invasions and extinctions which result in homogenization (Rooney et al. 

2004; Wiegmann and Waller 2006).  Current evidence implicates exotic earthworms and 

overabundant deer with an increase in graminoids at the cost of native forbs (Rooney et 
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al. 2004; Frelich et al. 2006; Hale et al. 2006, Holdsworth et al. 2007).  Increased deer 

browse pressure and earthworm invasions could also interact and potentially contribute to 

homogenization (Wiegmann and Waller 2006).  The fact that units in this study have 

increased in similarity is probably attributable to these factors, though more evidence 

would be needed to support this hypothesis.        

Homogenization in this study focused on taxonomic changes, whereas increases 

in functional or genetic homogeneity may have more important implications for 

community resilience or resistance to habitat alterations (Olden 2006).  For example, a 

combination of functional redundancy, plants fulfilling the same functional role, and 

complementarity, plants fulfilling different roles, can enhance community resilience 

(Perry et al. 2008).  Homogenization of gene pools may increase community vulnerability 

to invasion (Lee 2002).     

The converging relative abundance of taxa is likely reflective of converging 

assemblages, or homogenization (Rooney et al. 2004).  In addition to earthworms and 

whitetail deer, other possible drivers of homogenization include fire suppression 

(Wiegmann and Waller 2006) and climate change (Rooney 2009).  Interacting effects of 

multiple factors is also possible.  Exotic species invasions and environmental degradation 

have been commonly implicated in homogenization (Olden 2006), but neither were 

relevant to the study area.  

Exotic earthworms 

The collective ash-free dry mass ranged from about 0.6 to about 7.6 grams/m2, 

which may indicate varying degrees of invasion among units.  The majority of 
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earthworms found were juveniles.  Average earthworm biomass levels in some units were 

similar to other studies that have detected negative impacts of earthworms on plant 

communities (Hale et al. 2006; Holdsworth et al. 2007).  Since earthworm species have 

varying impacts on soils and plant communities, specific taxonomic identities of 

earthworms would provide better insight on the current threat of earthworm invasions to 

the study area.   

Holdsworth et al. (2007) found a significant relationship between the AFDM of 

Lumbricus juveniles and species richness.  They found that richness steadily declined 

along a gradient of Lumbricus juveniles from 0 to about 9 grams/m2.  Although no 

significant relationship between earthworm biomass and richness was found in this study, 

the trend was nearly significant (p=.03).  A stronger impact may exist, but not have been 

detected because of the low power of the analysis.  Increasing the sampling intensity 

would permit more accurate determination of the relationship.  Despite the overall minor 

change in average richness, the majority of units did experience taxa gains or losses much 

greater than the average change, indicating highly dynamic assemblages within units 

(Appendix 9).  This variability probably obscured the ability to detect impacts of 

earthworms, which were based on 2009 richness and diversity values.     

Earthworms were not identified to the species level.  Among European 

earthworms, epi-endogeic Lumbricus rubellus and Lubricus juveniles are associated with 

the most rapid removal of the forest floor, while anecic Lumbricus terrestris and 

endogeic Aporrectordea species have been implicated in having the greatest long-term 

effects (Hale et al. 2005).  Hale et al. (2006) found that sites dominated by L. rubellus 

had the most dramatic changes in plant communities and when this species reached its 
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maximum, sites were dominated by Carex pensylvanica and Arisaema tryphyllum.  They 

also found that sites with diverse earthworm assemblages had the lowest plant diversity, 

regardless of earthworm biomass.  In their study, total earthworm ash-free dry mass 

(AFDM) averaged 6.42 grams/m2, whereas L. rubellus averaged only 2.95 grams/m2, but 

had the most dramatic impact on understory species.  Total earthworm biomass was 

associated with decreased diversity in only two of their four study sites.  The authors 

stated that sites which have been heavily invaded for a long period of time typically 

contain earthworms from all classes, including anecic L. terrestris.  In this study, total 

earthworm biomass was used to statistically assess impacts on diversity, which may help 

explain the weak relationship detected between earthworm biomass and diversity.  A 

better predictor of earthworm impacts on plant communities may be the biomass of 

specific earthworm species, such as L. rubellus, or the diversity of earthworm species 

(Hale et al. 2006).  Anecic earthworms were not common in units sampled for this study.  

The lack of endogeic and anecic earthworms detected probably suggests that these sites 

have not yet been heavily invaded.  The fact that most earthworms were still juveniles 

could have obscured this lack of earthworm diversity detected.  However, the high 

proportion of epigeic earthworms among adults suggests that these units have only been 

lightly invaded so far.  It is expected that this initial invasion by epigeic earthworms will 

facilitate additional invasions by a diverse assemblage of earthworm species, which will 

eventually cause herbaceous diversity to decline (Hale et al. 2005; Hale et al. 2006).  It is 

also possible that the low number of endogeic and anecic earthworms was due to the 

sampling method, which may underrepresent the actual abundance of these species 
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(Pelosi et al. 2009).  However, Eisenhauer et al. (2008) found that mustard extraction was 

an efficient method for sampling earthworms, including anecic species.  

This study did not relate earthworm abundance to changes in specific plant 

species. Plants that typically fare well after earthworm invasion are small-seeded, have 

high levels of secondary compounds, or reproduce vegetatively (Hale et al. 2006). 

Several researchers have associated increased cover of Carex pensylvanica with heavily 

invaded sites (Bohlen et al. 2004; Hale et al. 2006; Holdsworth et al. 2007).  In this study, 

the change in C. pensylvanica cover was highly variable among units, but on average 

decreased by 1% (Appendix 13).  This may support the hypothesis that collectively, units 

have only been lightly invaded so far.  However, Hale et al. (2008) found that earthworm 

invasions contributed to the mortality of Aralia racemosa, a strongly mycorrhizal species.   

In this study A. racemosa was present in 30% of units and disappeared from all units by 

2009 (Appendix 10).  This may indicate that earthworms have already negatively 

impacted some native forb species, though the exact cause of the decline of this species is 

unknown.  Further examination of changes in the abundance of earthworm sensitive 

species would be more informative of how various factors, such as earthworms, have 

impacted understory communities.       

Based on the lack of a significant relationship between earthworm biomass and 

richness and diversity, the low number of anecic and endogeic earthworms, and the 

general lack of increase in C. pensylvanica cover, it is likely that the overall landscape 

has only been lightly invaded by exotic earthworms.  However, the elimination of A. 

racemosa could be the result of initial invasions.  Many of the adults were epigeic 

species.  This suggests that initial invasions have occurred, which may facilitate the 
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establishment of other earthworm species in the future (Hale et al. 2005).  If this occurs, 

more detrimental impacts on native communities are expected.  The variability in 

earthworm biomass among units, as well as the variability in the change in C. 

pensylvanica cover probably indicates that some units have been more heavily invaded 

than others.   

Herbivory 

Deer densities are not known for the specific study area.  Without precise, local 

whitetail deer population counts, and without deer exclusion units, it is difficult to 

attribute species changes directly to deer densities.  However, several studies have 

documented the serious threat of high deer densities to natural forest communities 

(Alverson et al. 1988; Waller and Alverson 1997; Horsley et al. 2003).  Herb-layer 

indicators and sugar maple browse assessments suggest that deer have not severely 

impacted diversity, but this does not imply that their impacts on understory composition 

were negligible.   

The maple browse index required the presence of at least twenty maple seedlings 

at each sampling point (Frelich and Lorimer 1985).  Unfortunately, this minimum 

seedling requirement was often not met, which reduced the sample size for these data.  

Still, estimates of maple browse were available for about sixty percent of the units 

sampled, and regression analysis clearly showed that richness and diversity were 

independent of the level of deer utilization of maple.   

In areas where deer populations are as high as 23-24 deer/km2, browsing intensity 

can be detrimental to herbaceous plants (Anderson 1994), and populations of 33-37 
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deer/km2 can contribute to the conversion of one forest type to another (Anderson and 

Loucks 1979; Augustine et al. 1998).  In contrast, impacts of densities below 7 deer/km2 

may be negligible (Augustine et al. 1998).  Royo et al. (2010) found that deer densities 

ranging from about 4.6 to 7.7 deer/km2 enhanced diversity, rather than reducing it.  

Horsley et al. (2003) found reductions in diversity after deer populations reached levels 

of about 8 deer/km2.  Deer density estimates in the Chequamegon range from about 6 to 

14 deer/km2, with considerable variation across the forest.  Deer densities in the study 

area were generally lower than densities that have implicated deer in reducing diversity. 

This probably helps explain why deer were not associated with decreased richness or 

diversity.     

Plant species are impacted differently based on their preference by whitetail deer.  

Many studies have examined impacts of tree species, while impacts on herbaceous 

species are less understood.   Previous studies have identified some specific species and 

growth forms that are particularly vulnerable to deer browsing (Kraft et al. 2004).  In this 

study, changes in vulnerable forb species were highly variable, some of which were 

supported by similar findings, while others were not.  Wiegmann and Waller (2006) 

noted that Streptopus roseus declined more than any other species, which the authors 

attributed to deer browsing.  Within units assessed in this study, S. roseus declined by 

about 18% in constancy, perhaps as a result of deer preference.  The constancy declines 

of Sambucus racemosa and Clintonia borealis were also consistent with the literature.  

On the other hand, several studies have attributed significant losses of Trillium 

grandiflorum to herbivory (Rooney 2001, Knight et al. 2009).  In this study, the percent 

of units occupied by Trillium spp. was relatively constant over time.  Although Trillium 
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spp. abundance was not analyzed, the constancy of trillium indicates populations at least 

persist across the landscape.     

Indicator species that declined were more frequent during the initial measurement 

period than species that increased.  This may suggest that deer consumed higher 

quantities of preferred species that were common across the landscape, based on their 

availability rather than their appeal.  Alternatively, whitetail deer may prefer Sambucus 

racemosa and Clintonia borealis to species like Polygonatum pubescens.  Most likely, it 

is a combination of both mechanisms and that species which are most severely impacted 

are those which deer prefer but are also more available.          

The lack of impact detected by deer on diversity may be due to the variability 

across the landscape, or due to moderate densities that have little impact on richness and 

diversity.  However, this probably also depends on other factors besides density, 

including food supply and disturbance regimes (Augustine & Jordan 1998; Royo et al. 

2010). The temporal trend in indicator species supports estimates that deer densities are 

declining locally (WDNR 2010).     

Although neither deer nor earthworms were associated with significant changes in 

richness, it is possible that they have synergistic effects on plant communities and 

homogenization (Frelich et al. 2006; Wiegmann and Waller 2006; Holdsworth et al. 

2007).  For example, deer may contribute to an increased abundance of Carex 

pensylvanica because they tend to avoid it due to its high silica content and high levels of 

secondary compounds (Augustine and McNaughton 1998), and as previously discussed, 

earthworms have also been associated with increases in C. pensylvanica. Additionally, 
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some species that are vulnerable to deer herbivory are also susceptible to extirpations 

caused by exotic earthworms, including Strepopus roseus and Polygonatum pubescens 

(Kraft et al. 2004; Hale et al. 2006; Holdsworth et al. 2007).  Although these 

compositional changes were not noted in this study, the potential interacting effects of 

these organisms as agents of future community changes warrants further investigation in 

the future.  

Management 

Logging operations did not have a statistically significant impact on richness or 

diversity.  However, the impact of management on richness was nearly significant 

(p=.057).  Previous studies have found higher richness in managed stands than in second 

growth unmanaged stands (Crow et al. 2002; Kraft et al. 2004; Scheller and Mladenoff 

2002).   

Zenner and Berger (2008) found that skidder traffic, soil compaction and canopy 

cover reduction contributed to an increase in species richness, resulting from higher 

abundances of noxious, invasive species.  The fact that diversity and richness were not 

significantly impacted by management in this study might be due to sustainable logging 

practices, specifically winter versus summer logging, though the time of year managed 

units were logged was not known (Wolf et al. 2007).  Most of the management treatments 

were partial removals (Appendix 2).  Assuming the severity of management was about 

30-40% canopy removal, with minimal soil disturbance, minimal impact on understory 

vegetation would be expected (Roberts 2004).  Additionally, the time since logging 

operations occurred may have allowed understory communities in managed units to 

recover.  Kern et al. (2006) suggested that ground-layer diversity may recover to initial 
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levels as soon as ten years after a selection harvest.  The most recent harvest activity 

among managed units was about 10-11 years prior to the study period, so most units have 

probably had sufficient time to recover from management impacts.   

The relative cover of graminoids, which are generally fairly resistant to 

disturbance (Yorks et al. 1997), was about 10% higher in managed units.  This suggests 

that while management did not significantly impact overall diversity, it may have 

contributed to some changes in relative abundance of growth forms.  However, other 

factors may have played a role in this pattern.  Managed units had an average of 1.2 

additional exotic species per unit.  This difference may not ecologically significant, but 

could reflect the potential for soil disturbance and gap formation induced by management 

to facilitate the spread of disturbance adapted exotics (Martin et al. 2009).   

This study demonstrated that mesic upland communities in the Chequamegon 

National Forest have become increasingly similar, at least to some degree.  This 

increasing similarity, however, was not attributable to logging operations.  Others have 

demonstrated increases in deer populations following logging operations, most likely due 

to increased forest edges that favor species preferred by whitetail deer (Alverson et al. 

1998).  It was therefore hypothesized that managed units would have higher deer 

populations (Rooney 2001; Rooney et al. 2004).  However, based on the maple browse 

index and change in browse indicator species, the degree of browsing in managed units 

was not significantly different from that in control units.   

Management in mesic uplands of the Chequamegon national forest has not 

contributed to a significant change in understory diversity.  However, future assessments 



56 
 

of management impacts should take into account changes in the relative cover of specific 

growth forms and species, in addition to measures of diversity.   

Management Implications 

A multitude of factors influence changes in understory communities.  Factors not 

included in this study, such as changes in adjacent forests and impacts of human activity 

unrelated to management, could also cause differences among plant communities.  This 

study aimed to provide USFS land managers with some of the information necessary to 

assess the sustainability of current management practices and potential threats to native 

communities. 

As demonstrated by this study, diversity indices alone are not enough to 

understand plant community changes.  Monitoring efforts should include assessments, 

not only on species richness and diversity, but on compositional changes.  Populations of 

earthworm and deer sensitive species should be periodically investigated to look for 

impacts on plant assemblages.   

Although significant trends were not detected, previous findings in the region 

suggest that high deer densities and exotic earthworm invasions probably pose more of a 

current threat to native plant communities than logging operations and exotic plant 

introductions (Metzger and Shultz 1984; Rooney et al. 2004; Hale et al. 2005; Wiegmann 

and Waller 2006).  Awareness of the potential threat of exotic earthworms should be 

increased among the public who utilize national forests, especially among people who 

fish, as this activity has been identified as a major source for non-native earthworm 

introductions (Hale 2008).  The movement of compost or soil from earthworm-infested 
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areas and the transport of earthworm eggs or cocoons on the tires of logging equipment 

or all-terrain vehicles are other possible vectors (Hale 2008).  Areas that have not been 

invaded, or have only been lightly invaded, could serve as important protected areas.  

Additional research should identify specific earthworm assemblages and changes in 

earthworm sensitive species in order to better assess their degree of invasion and impact.  

Data from this study can serve as a baseline for future studies.   

Tree removal may have increased understory richness initially, but canopy closure 

probably allowed richness in managed units to become more similar to control levels 

(Crow et al. 2002; Kraft et al. 2004).  Although individual units were dynamic over the 

study period, average richness across all units did not significantly change.  A significant 

change in average richness may indicate that one or more outside factors is having an 

overriding effect on the natural successional trajectory of these units.  Managers should 

be aware of the increasing similarity between forest communities because alterations to 

native communities could contribute to future homogenization.  Conversely, gap creation 

may allow native, early-successional species to contribute to differentiation if they pre-

empt generalist species.  Continuing to inventory composition within these units will 

allow managers to detect these patterns over time.  Species invasions and losses should 

be monitored, as they may contribute to biotic homogenization (Rooney et al. 2004).   

The interrelation of numerous variables makes it challenging to identify the 

importance of specific factors affecting compositional changes.  It is recommended that 

future data collection account for as many variables as possible that may be influencing 

changes in native plant communities at multiple temporal scales.  Financial, social, and 

other limitations, will dictate the extent of monitoring in these systems, but the integrity 
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of our forests relies on extensive data collection and analysis in order to fully understand 

threats to native biodiversity in our National Forests.      
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Name Tsuga canadensis /Maianthemum canadense – Coptis groenlandica (TMC)

Nutrient status poor to medium
Moisture regime dry-mesic to wet-mesic

Common forest cover types Populus-Betula papyrifera; Pinus strobus; Abies balsamea-Picea glauca; Tsuga 
canadensis-Acer saccharum-Betula alleghaniensis; Acer saccharum-Acer rubrum

Dominant understory veg.
Grasses and sedges, Dryopteris spinulosa, Maianthemum canadense, Clintonia borealis, 
Acer saccharum seedlings, Corylus spp., Aralia nudicaulis, Cornus canadensis, Coptis 
groenlandica, Lycopodium spp. 

Name Acer-Tsuga/Mainthemum  (ATM)

Nutrient status medium
Moisture regime dry-mesic

Common forest cover types Acer saccharum; Acer saccharum-Tilia-Fraxinus; Acer saccharum-Acer rubrum-Quercus 
rubra; Tsuga canadensis-Acer saccharum; Quercus rubra; Populus-Betula papyrifera

Dominant understory veg.
Grasses and sedges, Acer saccharum seedlings, Aralia nudicaulis , Corylus spp., 
Maianthemum canadense, Dryopteris spinulosa, Athyrium filix-femina

Name Acer-Tsuga/Dryopteris  (ATD)

Nutrient status medium to rich
Moisture regime dry-mesic to mesic

Common forest cover types
Acer saccharum; Acer saccharum-Tilia-Fraxinus-Betula alleghaniensis; Tsuga canadensis-
Acer saccharum-Betula alleghaniensis; Acer saccharum-Acer rubrum; Populus-Betula 
papyrifera

Dominant understory veg.
Grasses and sedges, Acer saccharum seedlings, Dryopteris spinulosa  and Athyrium filix-
femina

Name Acer/Viola- Osmorhiza  (AViO)

Nutrient status rich
Moisture regime mesic

Common forest cover types
Acer saccharum; Acer saccharum-Tilia-Fraxinus-Betula alleghaniensis; Acer saccharum-
Tsuga canadensis; Acer saccharum-Acer rubrum; Acer saccharum-Quercus rubra-Populus

Dominant understory veg.
Grasses and sedges, Acer saccharum seedlings, Osmorhiza claytoni, Dryopteris 
spinulosa, Athyrium filix-femina and Viola spp.

APPENDICES 

 

 

Appendix 1.  Habitat types used to define mesic uplands. 
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Appendix 2.  Treatments for managed units. 

 

Appendix 3.   Cover classes used to assess understory vegetation in 2008-2009 with 
corresponding midpoints used for vegetation data analysis.  Midpoints from 1990-1992 
protocol were used for 2008-2009 data for consistent temporal comparisons.   

 

Cover class Midpoint
<1% 0.5
1%
2%
3%
4%
5%

6-15%
16-25%
26-35%
36-45%
46-55%
56-65%
66-75%
76-85%
86-95%
>95%

3

15.5

38

88

63

Unit# Treatment Year(s)
72089 Clearcut 1991
72061 Clearcut 1988
72057 Commercial Thinning 1986
71174 Commercial Thinning 1986
72082 Commercial Thinnings (3) 1987, 1988, 1990
72078 Improvement cut 1998
71116 Salvage cut (intermediate treatment, not regen.) 1980
71505 Shelterwood Cut 1989
73172 Shelterwood preparation cut, Single tree selection 1980, 1994

I 
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Appendix 4.  Classes and codes used for assessing levels of deer browse based on 
modification of Frelich and Lorimer (1985). 

 

 

 

 

 

Browse Class Code
No browsing found 0

1-10% 1
11-30% 2
31-50% 3
51-70% 4
71-90% 5
>90% 6

Code Species
CLBO3 Clintonia borealis (bluebead lily)
PO PU4 Polygonatum pubescens (downy Solomon's seal)
SA RA2 Sambucus racemosa  (red elderberry)
SM RA Smilacina racemosa (false Solomon's seal)
ST RO4 Streptopus roseus (rosy twisted-stalk)
TRI LL Trillium spp. (trillium species)

Appendix 5. Species used for herbaceous indicators of deer browse 
(Kraft et al. 2004). 
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      KEY
1990-2000:

1= gained
-1= lost
0= constant
x= never present

 

 

 

 

 

 

UNIT SA RA2 CL BO3 PO PU4 SM RA ST RO4 TRI LL Average
52005 x -1 0 x 1 -1 -0.25
52008 -1 0 x x -1 x -0.67  
71110 x x 1 x 0 0 0.33  
71115 x 0 x x -1 0 -0.33  
72057 -1 -1 1 1 -1 0 -0.17   
72089 -1 1 x x -1 0 -0.25
72501 x 0 1 x 0 0 0.25
72505 x 0 1 x 0 x 0.33
75034 x x 0 1 -1 1 0.25
51001 x -1 0 x 0 -1 -0.50
51002 -1 0 x x -1 x -0.67
51003 -1 0 1 x 0 x 0.00
51004 x -1 x x 0 x -0.50
51005 x 0 1 x 0 x 0.33
52002 x x 0 x 1 0 0.33
52003 -1 x 1 1 1 0 0.40
52004 -1 -1 0 -1 0 0 -0.50
52006 -1 x -1 0 0 0 -0.40
52011 x 0 1 x -1 0 0.00
52012 x 0 1 x 0 x 0.33
55007 x x x x 0 x 0.00
71116 x 1 0 0 1 0 0.40
71118 x -1 1 1 0 1 0.40
71174 -1 x 1 x -1 x -0.33
71501 x 0 1 x 0 x 0.33
71505 x x 1 0 0 x 0.33
72061 -1 0 1 x 0 0 0.00
72078 x 0 x x 0 0 0.00
72082 x -1 0 x -1 0 -0.50
72146 x -1 1 x 1 1 0.50
72502 x 0 0 x 1 x 0.33
73172 x x x x 0 0 0.00

Appendix 6. Gain or loss of each browse indicator species (Kraft et al. 2004). from 
1990-2009 by unit.   
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Appendix 9.  Richness (R) in 1990-2009, richness in 2008-2009, change in richness from 
1990-91 to 2008-09, Shannon-Wiener diversity index (H') in 1990-1992, Shannon-
Wiener diversity index in 2008-2009, and change in Shannon-Wiener diversity index 
from 1990-91 to 2008-09. 

Unit# R 1991 R 2009 R Change H' 1991 H' 2009 H' Change 
51001 43 43 0 1.45 1.76 0.31 
51002 45 41 -4 2.18 1.98 -0.20 
51003 37 45 8 1.73 2.53 0.79 
51004 58 41 -17 2.66 2.52 -0.13 
51005 52 51 -1 2.62 2.83 0.21 
52002 45 38 -7 1.49 1.12 -0.36 
52003 27 48 21 1.21 1.22 0.00 
52004 43 36 -7 2.11 1.66 -0.45 
52005 57 25 -32 1.83 1.86 0.03 
52006 38 26 -12 2.20 1.36 -0.84 
52008 54 38 -16 2.14 2.02 -0.12 
52011 68 86 18 3.12 2.75 -0.37 
52012 45 58 13 2.65 3.07 0.42 
55007 41 49 8 1.76 2.75 0.99 
71092 52 68 16  NA 2.72 NA  
71110 28 53 25 2.31 2.59 0.28 
71115 61 54 -7 2.76 2.89 0.13 
71116 35 60 25 2.21 2.43 0.22 
71118 40 47 7 2.07 2.43 0.37 
71174 44 49 5 2.25 2.33 0.08 
71501 46 54 8 2.93 2.90 -0.03 
71505 39 41 2 1.99 1.45 -0.54 
72057 48 31 -17 1.39 1.51 0.12 
72061 62 75 13 2.73 2.20 -0.53 
72078 53 51 -2 2.68 2.91 0.23 
72082 58 64 6 2.77 2.18 -0.60 
72089 61 67 6 2.78 2.78 0.01 
72146 36 52 16 2.53 2.47 -0.06 
72501 42 47 5 2.14 2.29 0.15 
72502 42 49 7 2.63 2.88 0.25 
72505 50 41 -9 2.79 2.84 0.05 
73172 50 58 8 2.66 2.78 0.12 
75034 39 51 12 1.16 2.71 1.55 

Average 47 50 3 2.25 2.33 0.07 
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Appendix 10.  Constancy (%) of all taxa identified in 1990-1992 and 2008-2009 for all 
units combined.             

*Individuals were omitted when few were identified to genus level-only.  In 2009 Polygonatum biflorum 
was not always distinguished from Uvularia sessilifolia, in which case individuals were not included.  

**Individual species were lumped together within genera where discrepancies in species level 
identification occurred between time periods and when many indviduals within a genera were not identified 
to species level.  

  Trees 
1990-1992 

Constancy (%)   
2008-2009 

Constancy (%) 
  Abies balsamea                                                     70   67 
* Acer rubrum                                                       79   79 
* Acer saccharum                                                     94   88 
* Acer spicatum                                                     48   55 
* Betula alleghaniensis                                              52   42 
* Betula papyrifera                                                  39   9 
* Fraxinus americana                                                 55   39 
* Fraxinus nigra                                                     24   33 
* Fraxinus pennsylvanica                                             0   3 
  Ostrya virginiana                                                  33   52 
  Picea glauca                                                       24   33 
  Picea mariana                                                      12   9 
* Pinus strobus                                                      24   21 
* Pinus  resinosa 3   0 
  Populus grandidentata 12   0 
  Populus tremuloides                                                39   30 

** Prunus spp                                                        52   61 
  Quercus rubra                                                      36   48 
  Salix spp                                                         9   6 

** Sorbus  spp 6   3 
  Thuja occidentalis                                                 15   9 
  Tilia americana                                                    45   48 
  Tsuga canadensis                                                   48   33 
* Ulmus americana                                                    39   36 
            
  Shrubs       

** Alnus spp                                                       9   9 
  Amelanchier spp                                                   18   6 
  Carpinus caroliniana                                              6   9 
* Cornus alternifolia                                                21   42 
* Cornus canadensis                                                  39   42 

-

+ 

• + 

~ 

• + 

+ 

. ~ 
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* Cornus sericea 0   3 
* Corylus americana                                                  0   9 
* Corylus cornuta                                                    52   52 
  Diervilla lonicera                                                 33   36 
  Dirca palustris                                                    15   36 
  Epigaea repens                                                     0   6 
  Gaultheria hispidula                                               6   9 
  Gaultheria procumbens                                              9   3 
  Ilex verticillata                                                  3   9 
* Lonicera canadensis                                               55   79 
  Nemopanthus mucronatus 9   0 
  Rhamnus  alnifolia 0   3 

** Ribes spp                                                         55   58 
** Rosa spp 0   3 
** Rubus spp                                                         94   73 
** Sambucus spp 33   18 
** Smilax  spp 6   9 
  Spiraea alba                                                       9   12 
  Taxus canadensis 3   0 
  Vaccinium angustifolium                                            3   12 
  Vaccinium myrtilloides                                             18   21 
  Viburnum acerifolium                                               18   18 
            
  Graminoids         

** Agrostis spp                                                  3   15 
  Brachyelytrum erectum                                             6   79 
  Bromus cilates 0   3 
  Calamagrostis  canadensis 0   12 

** Carex spp                                                         97   100 
  Cinna latifolia                                                   0   18 
  Elymus hystrix 0   9 
  Festuca subvertillata 0   3 
  Festuca subverticillata                                           0   6 
  Juncus effuses 0   3 
  Juncus tenuis 3   0 
  Luzula acuminata                                                   3   39 
  Milium effusum                                                     3   15 
  Oryzopsis asperifolia                                              61   94 
  Oryzopsis racemosa                                                 0   3 
  Phleum pratense 0   3 
  Poa alsodes                                                       0   21 
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  Schizachne purpurascens                                            0   30 
  Scirpus atrovirens  0   3 
  Scirpus atrocinctus 0   3 
            
  Forbs         
  Achiellea milifolium 6   0 

** Actaea spp                                                        58   70 
  Ageratina altissima 0   3 
  Agrimonia spp 3   0 
  Allium tricoccum                                                  9   15 
  Amphicarpaea bracteata                                             6   6 
  Anaphalis margaritacea 3   3 
  Anemone canadensis 0   3 
  Anemone quinquefolia                                               36   61 
  Apocynum androsaemifolium                                          3   9 
  Aquilegia canadensis 3   0 
  Aralia nudicaulis                                                  82   76 
  Aralia  racemosa 30   0 
  Arctium spp 0   3 
  Arisaema triphyllum                                                61   61 
  Asarum canadense                                                   12   3 
  Asclepias exaltata 0   3 
  Asclepias rubra                                                      3   0 
  Asclepias syriaca 3   6 

** Aster spp                                                         70   55 
  Caltha palustris                                                  3   9 
  Caulophyllum thalictroides                                         33   36 
  Chenopodium album 3   0 
  Circaea alpina                             39   33 
  Circaea lutetiana                                                  3   3 

** Cirsium spp 9   0 
  Claytonia caroliniana 3   0 
  Claytonia virginica 3   0 
  Clematis virginiana 0   3 
  Clinopodium vulgare 0   6 
  Clintonia borealis                                                 67   42 
  Convolvulus spp 12   0 
  Coptis trifolia                                                    48   45 
  Corallorhiza maculata 6   3 

** Cypripedium spp 6   12 
  Enemion biternatum 0   3 
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  Epilobium angustifolium                                            12   6 
  Erigenia spp 6   0 
  Eupatorium maculatum                                               9   3 
  Eupatorium  perfoliatum 3   0 
  Fragaria vesca                                                     0   3 
  Fragaria virginiana                                                36   24 
  Galeopsis tetrahit 0   18 

** Galium spp                                                        73   52 
** Geum spp 3   12 
** Goodyera spp                                                      9   3 
  Gymnocarpium dryopteris                                            70   61 
  Helianthus spp                                                    3   0 
  Hepatica acutiloba                                                 3   18 
  Hepatica americana                                                 42   33 

** Hieracium spp                                                     27   18 
  Hydrophyllum virginianum                                           6   9 

** Hypericum spp 3   3 
** Impatiens spp                                                     36   39 
** Iris spp 6   3 
** Lactuca spp                                                       33   12 
  Laportea canadensis                                               27   6 
  Lapsana communis 0   3 
  Leucanthemum vulgare 6   0 
  Linnaea borealis                                                   21   24 
* Lonicera dioica 0   3 
  Lycopus americanus                                                 6   3 
  Lysimachia  ciliata 0   3 
  Lysimachia  quadrifolia 3   3 
 Lysimachia terrestris 0   6 
  Maianthemum canadense                                              94   97 
  Matteuccia struthiopteris                                          9   9 
  Mitchella repens                                                   42   42 
  Mitella diphylla                                                   6   9 
  Mitella nuda                                                       12   9 
  Moneses uniflora 3   0 
  Monotropa hypopithys 12   3 
  Monotropa uniflora                                                24   18 
* Osmorhiza claytonii                                               67   21 
* Oxalis montana 42   45 
  Panax trifolius                                                    3   9 

** Parthenocissus spp 12   6 



78 
 

  Plantago major 3   0 
  Polygala paucifolia                                               15   6 
* Polygonatum biflorum                                               27   9 
  Polygonatum pubescens                                              33   73 

** Polygonum spp                                                     24   39 
** Potentilla spp 6   15 
  Prenanthes alba 3   3 
  Prunella vulgaris                                                  6   18 
  Pyrola spp                                                        42   52 

** Ranunculus spp                                                    33   48 
** Rumex spp 9   9 
* Sanguinaria canadensis 16   16 
  Sanicula marilandica 0   3 
  Scrophularia lanceolata 0   3 
  Scrophularia marilandica 0   3 

** Scutellaria  spp 6   15 
  Smilacina racemosa                                                 15   21 
  Smilacina trifolia  6   0 

** Solidago spp                                                      33   33 
  Sonchus oleraceus 0   6 
  Sparganium spp 0   3 
  Spiraea tomentosa 0   3 
  Stachys palustris 0   3 

** Stellaria spp 6   3 
  Streptopus roseus                                                  73   55 
  Tanacetum vulgare 3   0 

** Taraxacum spp                                                     27   36 
  Thalictrum dasycarpum  0   3 
  Thalictrum dioicum                                                 12   0 
  Toxicodendron radicans                                             3   3 
  Triadenum spp 0   3 
  Trientalis borealis                                                82   91 
  Trifolium repens 9   0 

** Trillium spp                                                      58   55 
  Urtica dioica                                                      3   9 
  Uvularia grandiflora                                               9   9 
* Uvularia sessilifolia                                              70   58 
  Verbascum thapsus                                                  6   3 
  Veronica officinalis 0   9 
  Veronica serpyllifolia 0   3 
  Vicia  spp 3   0 
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** Viola spp                                                         79   30 
  Waldsteinia fragarioides                                           12   3 
            
  Ferns         
  Adiantum pedatum                                                   21   15 
  Athyrium filix-femina                                              91   76 
  Athyrium thelypterioides  12   0 
  Botrychium lanceolatum 6   0 
  Botrychium matricariifolium 0   3 
  Botrychium oneidense 0   3 
  Botrychium virginianum 27   0 
* Dryopteris carthusiana                                             58   76 
* Dryopteris cristata                                                18   12 
* Dryopteris intermedia                                              58   76 
  Onoclea sensibilis                                                 33   52 
  Osmunda cinnamomea                                                 21   21 
  Osmunda claytoniana                                               58   39 
  Osmunda  regalis 3   0 
  Phegopteris connectilis                                            42   55 
  Polypodium vulgare 3   0 

** Pteridium aquilinum                                                42   39 
            
  Fern allies         

** Equisetum  spp 36   45 
* Lycopodium annotinum                                              15   27 
* Lycopodium clavatum                                                27   12 
* Lycopodium complanatum                                             12   0 
* Lycopodium dendroideum 52   45 
* Lycopodium lucidulum                                               42   3 
* Lycopodium obscurum 27   0 
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Appendix 11.  List of species that were lumped to genus level for constancy table 
(Appendix 10). 

Genus Species 
Actaea pachypoda                                          
Actaea rubra                                                      
Agrostis hyemalis 
Aster ciliolatus  
Alnus incana 
Aster lateriflorus                                                 
Aster macrophyllus                                                 
Aster umbellatus 
Aster  laevis 
Carex arctata                                                     
Carex bebbii 
Carex blanda 
Carex bromoides 
Carex brunnescens 
Carex communis 
Carex comosa 
Carex crinite 
Carex deweyana 
Carex disperma                                                     
Carex intumescens 
Carex lacustris 
Carex laptalea 
Carex leptonervia 
Carex ormostachia 
Carex peckii 
Carex pedunculata                                                 
Carex pensylvanica                                                
Carex plantaginea 
Carex radiata 
Carex rosea                                                      
Carex scabrata 
Carex siccata 
Carex stipata 
Carex tenera 
Carex trisperma                                                    
Carex tuckermanii 
Circium vulgare 
Cypripedium acaule                                                 
Equisetum arvense 
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Equisetum hyemale 
Equisetum sylvaticum                                               
Galium aparine 
Galium boreale 
Galium triflorum                                                   
Geum canadense 
Goodyera repens 
Hieracium aurantiacum                                              
Hieracium gronovii 
Hypercium punctatum 
Impatiens capensis                                                 
Impatiens pallida 
Iris versicolor 
Lactuca canadensis 
Parthenocissus quinquefolia                                       
Parthenocissus vitacea 
Polygonum cilinode                                                 
Polygonum sagittatum 
Polygonum scandens 
Potentilla norvegica 
Potentilla recta 
Potentilla simplex 
Prunus pensylvanica                                                
Prunus serotina                                                    
Prunus virginiana                                                  
Pyrola elliptica                                                   
Pyrola secunda                                                     
Ranunculus acris                                                   
Ranunculus recurvatus 
Ranunculus  abortivus 
Ranunculus  hispidus 
Ribes cynosbati                                                    
Ribes hirtellum 
Ribes triste                                                       
Rubus allegheniensis                                               
Rubus hispidus                                                     
Rubus idaeus                                                       
Rubus parviflorus 
Rubus pubescens                                              
Rumex acetosella 
Rumex obtusifolius 
Sambucus racemosa 
Scutellaria lateriflora                                           
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Scutellaria  galericulata 
Smilax tamnoides                                                  
Smilax  hispida 
Solidago flexicaulis                                               
Sorbus americana 
Sorbus  americana 
Stellaria longifolia 
Taraxacum officinale 
Trillium cernuum                                                   
Trillium grandiflorum                                              
Viola canadensis 
Viola macloskeyi 
Viola pedata 
Viola pubescens 
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Appendix 12.  Species/genera detected in the extended sampling effort and the additional 
taxa found.   

An “X” in “Not found in ‘core’ sample area” indicates that a species/genus was unique to 
the 8 additional plots for that unit.   

Unit Species/genus 

Frequency 
in extended 
sample plots 

Not found in 
"core" 

sample area 
52005 Abies balsamea                                                     3   

  Acer rubrum                                                       1   
  Acer saccharum                                                     3 X 
  Apocynum androsaemifolium                                          1 X 
  Aralia nudicaulis                                                  1 X 
  Brachyelytrum erectum                                             2   
  Carex arctata                                                     1   
  Carex pedunculata                                                 4   
  Carex pensylvanica                                                6 X 
  Lonicera canadensis                                               1   
  Maianthemum canadense                                              6   
  Oryzopsis asperifolia                                              3   
  Parthenocissus quinquefolia                                       1 X 
  Pteridium aquilinum                                                2   
  Quercus rubra                                                      1 X 
  Streptopus roseus                                                  1 X 
  Thuja occidentalis                                                 1 X 
  Trientalis borealis                                                1   
  Tsuga canadensis                                                   1 X 
          

52008 Acer rubrum                                                       1 X 
  Acer saccharum                                                     5   
  Acer spicatum                                                     2   
  Allium tricoccum                                                  1 X 
  Anemone quinquefolia                                               1   
  Arisaema triphyllum                                                3   
  Athyrium filix-femina                                              2   
  Brachyelytrum erectum                                             1   
  Carex pensylvanica                                                1   
  Clintonia borealis                                                 1 X 
  Coptis trifolia                                                    1 X 
  Cornus canadensis                                                  1 X 
  Dryopteris intermedia                                              1   
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  Gymnocarpium dryopteris                                            1   
  Impatiens capensis                                                 1   
  Lonicera canadensis                                               1   
  Maianthemum canadense                                              2   
  Onoclea sensibilis                                                 1 X 
  Oxalis montana 1 X 
  Trientalis borealis                                                2   
          

55912 Acer saccharum                                                     3   
  Arisaema triphyllum                                                1   
  Athyrium filix-femina                                              1   
  Carex pedunculata                                                 2   
  Dryopteris carthusiana                                             1   
  Lonicera canadensis                                               1   
  Lycopodium dendroideum 1   
  Maianthemum canadense                                              3   
  Mitchella repens                                                   1   
  Oryzopsis asperifolia                                              1   
  Trientalis borealis                                                1   
  Tsuga canadensis                                                   3 X 
          

71110 Abies balsamea                                                     1 X 
  Acer rubrum                                                       3   
  Acer saccharum                                                     6   
  Actaea spp                                                        1 X 
  Anemone quinquefolia                                               4   
  Aster spp                                                         1 X 
  Athyrium filix-femina                                              6   
  Brachyelytrum erectum                                             4   
  Carex pedunculata                                                 1   
  Carex pensylvanica                                                4   
  Carex  scoparia 1 X 
  Carpinus caroliniana                                              1 X 
  Cornus alternifolia                                                1 X 
  Corylus  spp 2   
  Equisetum sylvaticum                                               1   
  Fraxinus americana                                                 3   
  Hepatica americana                                                 1   
  Laportea canadensis                                               1 X 
  Luzula acuminata                                                   1   
  Maianthemum canadense                                              5   
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  Oryzopsis asperifolia                                              1   
  Osmunda claytoniana                                               1 X 
  Ostrya virginiana                                                  1   
  Populus tremuloides                                                1   
  Pyrola spp                                                        1   
  Ribes cynosbati                                                    1 X 
  Rubus idaeus                                                       1 X 
  Rubus pubescens                                              1   
  Solidago flexicaulis                                               1   
  Trientalis borealis                                                6   
  Trillium grandiflorum                                              1   
  Ulmus americana                                                    1 X 
          

71115 Acer rubrum                                                       2   
  Acer saccharum                                                     1 X 
  Anemone quinquefolia                                               5   
  Aster macrophyllus                                                 2   
  Athyrium filix-femina                                              1   
  Brachyelytrum erectum                                             4   
  Carex arctata                                                     1 X 
  Carex pedunculata                                                 4   
  Carex pensylvanica                                                1   
  Coptis trifolia                                                    1   
  Cornus canadensis                                                  4   
  Equisetum arvense 1 X 
  Fragaria virginiana                                                2   
  Galium spp                                                        1   
  Hieracium aurantiacum                                              2   
  Luzula acuminata                                                   5   
  Maianthemum canadense                                              8   
  Oryzopsis asperifolia                                              5   
  Populus tremuloides                                                1   
  Prunus serotina                                                    1 X 
  Prunus virginiana                                                  1   
  Pteridium aquilinum                                                1   
  Pyrola elliptica                                                   2   
  Ribes cynosbati                                                    1 X 
  Ribes triste                                                       1   
  Rubus idaeus                                                       2   
  Rubus pubescens                                              3   
  Solidago flexicaulis                                               2   
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  Spiraea alba                                                       1 X 
  Taraxacum officinale 1 X 
  Thalictrum dasycarpum  1   
  Trientalis borealis                                                5   
  Trillium spp                                                      1   
  Uvularia sessilifolia                                              1 X 
          

72057 Acer saccharum                                                     6   
  Arisaema triphyllum                                                1   
  Athyrium filix-femina                                              1 X 
  Betula alleghaniensis                                              1   
  Carex arctata                                                     1   
  Carex intumescens 1   
  Carex pedunculata                                                 1   
  Carex pensylvanica                                                1   
  Polygonatum biflorum                                               1 X 
  Trientalis borealis                                                1   
          

72089 Acer rubrum                                                       3 X 
  Acer saccharum                                                     3   
  Anemone quinquefolia                                               4   
  Aralia nudicaulis                                                  1   
  Aster macrophyllus                                                 3   
  Athyrium filix-femina                                              4   
  Betula papyrifera                                                  1 X 
  Brachyelytrum erectum                                             3   
  Carex arctata                                                     1   
  Carex pedunculata                                                 1   
  Carex pensylvanica                                                5   
  Carpinus caroliniana                                              2 X 
  Clintonia borealis                                                 1 X 
  Cornus alternifolia                                                1   
  Cornus canadensis                                                  1   
  Corylus cornuta                                                    2   
  Diervilla lonicera                                                 1   
  Dryopteris cristata                                                1 X 
  Equisetum sylvaticum                                               1   
  Euthamia graminifolia 1 X 
  Fragaria virginiana                                                5   
  Fraxinus americana                                                 3 X 
  Galium triflorum                                                   2   
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  Hepatica americana                                                 1   
  Hieracium aurantiacum                                              1   
  Lactuca spp                                                       1   
  Luzula acuminata                                                   5   
  Maianthemum canadense                                              3   
  Milium effusum                                                     1   
  Oryzopsis asperifolia                                              2   
  Osmunda claytoniana                                               1 X 
  Phegopteris connectilis                                            1 X 
  Populus tremuloides                                                1   
  Prunus spp                                                        1   
  Pteridium aquilinum                                                2   
  Pyrola spp                                                        1   
  Ranunculus recurvatus 2 X 
  Ribes cynosbati                                                    1   
  Rubus allegheniensis                                               1   
  Rubus idaeus                                                       3   
  Rubus pubescens                                              1   
  Solidago flexicaulis                                               1   
  Tilia americana                                                    2   
  Trientalis borealis                                                3   
          

72501 Acer rubrum                                                       2   
  Acer saccharum                                                     7   
  Acer spicatum                                                     2   
  Anemone quinquefolia                                               1   
  Aralia nudicaulis                                                  4   
  Arisaema triphyllum                                                2   
  Aster macrophyllus                                                 1   
  Athyrium filix-femina                                              4   
  Betula alleghaniensis                                              1 X 
  Brachyelytrum erectum                                             1   
  Carex communis 1 X 
  Carex deweyana 1 X 
  Carex intumescens 1   
  Carex pedunculata                                                 2   
  Carex pensylvanica                                                1   
  Coptis trifolia                                                    1 X 
  Cornus alternifolia                                                1   
  Cornus canadensis                                                  1 X 
  Corylus cornuta                                                    1   
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  Dryopteris intermedia                                              6   
  Fraxinus americana                                                 1 X 
  Fraxinus nigra                                                     1 X 
  Gymnocarpium dryopteris                                            1   
  Luzula acuminata                                                   1   
  Lycopodium dendroideum 3   
  Maianthemum canadense                                              6   
  Monotropa hypopithys 1 X 
  Oryzopsis asperifolia                                              1   
  Ostrya virginiana                                                  2   
  Phegopteris connectilis                                            4   
  Polygonatum biflorum                                               2 X 
  Polygonatum pubescens                                              1   
  Polygonum cilinode                                                 1   
  Rubus pubescens                                              1   
  Streptopus roseus                                                  1   
  Trientalis borealis                                                1 X 
          

72505 Acer rubrum                                                       4   
  Amelanchier spp                                                   1 X 
  Anemone quinquefolia                                               3   
  Aster macrophyllus                                                 5   
  Carex pensylvanica                                                4   
  Comptonia  peregrina 1 X 
  Corylus americana                                                  3 X 
  Corylus cornuta                                                    2   
  Lonicera canadensis                                               2   
  Lycopodium dendroideum 2 X 
  Maianthemum canadense                                              4   
  Melampyrum lineare 1 X 
  Mitchella repens                                                   1 X 
  Oryzopsis asperifolia                                              5   
  Pinus strobus                                                      3 X 
  Polygala paucifolia                                               1 X 
  Polygonatum biflorum                                               1 X 
  Populus tremuloides                                                1 X 
  Pteridium aquilinum                                                3 X 
  Quercus rubra                                                      3 X 
  Rubus allegheniensis                                               1 X 
  Trientalis borealis                                                4   
  Vaccinium angustifolium                                            2   
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  Vaccinium myrtilloides                                             1   
  Waldsteinia fragarioides                                           5 X 
          

75034 Acer rubrum                                                       2   
  Agrimonia grypsosepala 1 X 
  Amelanchier spp                                                   1 X 
  Anemone quinquefolia                                               4   
  Apocynum androsaemifolium                                          1   
  Arisaema triphyllum                                                4   
  Aster macrophyllus                                                 3   
  Athyrium filix-femina                                              3   
  Carex intumescens 1 X 
  Carex pedunculata                                                 1   
  Carex pensylvanica                                                6   
  Corylus cornuta                                                    2   
  Dryopteris carthusiana                                             1   
  Fraxinus americana                                                 5   
  Galium aparine 2   
  Gymnocarpium dryopteris                                            1   
  Lonicera canadensis                                               2   
  Maianthemum canadense                                              3   
  Oryzopsis asperifolia                                              1   
  Osmunda cinnamomea                                                 1 X 
  Pteridium aquilinum                                                3   
  Ranunculus recurvatus 1 X 
  Rubus idaeus                                                       1   
  Rubus parviflorus 1   
  Rubus pubescens                                              1   
  Solidago spp                                                      2   
  Viola spp                                                         1   
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Appendix 13.  Cover (%) of Carex pensylvanica by time period and unit, and change in 
cover of C. pensylvanica from 1991-2009. 

Unit 

% Cover C. 
pensylvanica 

1991 

% Cover C. 
pensylvanica 

2009 

Change in % 
Cover C. 

pennsylvanica 
51001 1.7 0.0 -1.7 
51002 1.9 0.1 -1.9 
51003 0.0 0.0 0.0 
51004 1.6 0.7 -0.9 
51005 0.0 0.0 0.0 
52002 0.5 0.4 -0.1 
52003 0.0 0.0 0.0 
52004 0.0 0.0 0.0 
52005 3.9 0.0 -3.9 
52006 0.0 0.0 0.0 
52008 3.9 1.9 -2.0 
52011 1.3 3.5 2.2 
52012 0.0 2.2 2.2 
55007 0.0 0.0 0.0 
71110 5.1 0.3 -4.8 
71115 0.9 0.1 -0.8 
71116 19.0 7.9 -11.1 
71118 26.5 6.9 -19.6 
71174 0.0 1.8 1.8 
71501 0.1 0.1 0.0 
71505 6.3 4.2 -2.2 
72057 0.0 0.1 0.1 
72061 1.9 0.4 -1.5 
72078 0.1 0.1 0.0 
72082 20.0 9.6 -10.4 
72089 5.1 19.6 14.5 
72146 2.1 7.8 5.8 
72501 0.5 2.3 1.9 
72502 0.0 0.1 0.1 
72505 0.0 0.1 0.1 
73172 0.3 0.7 0.4 
75034 1.6 1.5 -0.1 

Average 3.2 2.2 -1.0 
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