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ABSTRACT 

The study investigated the abiotic and biotic forces driving understory vegetation in old-growth 

·white pine stands. The seed bank and its similarity to aboveground vegetation were also examined. 

Study sites were located on the Menominee Reservation in northeast Wisconsin. We anticipated the 

understory would contain a mix of early and late successional species found in mesic white pine forests 

with recent disturbance. We also expected richness to be greater than comparable forests experiencing 

no disturbance. 

Fifteen treatment units approximately 0.81 hectares (2 acres) in size were located in three 

separate white pine stands throughout the Reservation. All sites received relatively recent disturbance 

related to selective harvesting and were similar in canopy composition and density. The density and 

diameter of mature white pine trees within each of the treatment units were recorded in the summer of 

2001. The hardwood intermediate layer was inventoried in 405 square meter plots by species and 

diameter class during 2001 or 2002. Shrub cover was examined using the line intercept method. 

Understory cover was visually estimated in one square meter plots during late summer 2001, spring 

2002, and late summer 2002. At the same time, the density of woody seedlings was also recorded. 

Litter samples were collected near the same plot used to estimate understory cover. Soil seed bank 

samples were collected during the summer of2001 and germinated several months later. A small 

amount of each soil sample was also used to test soil pH. Transects were used to recorded the size, 

amount, and condition of coarse woody detritus. 

Values for cover, richness, and diversity were generated for each treatment unit based on the 

late season 2001, spring 2002, and late season 2002 time periods. Jaccard's Similarity Index was used 

to compare the understory vegetation between treatment units and the likeness between the seed bank 

and aboveground vegetation. Multiple regression tested the influence of environmental variables 

( overstory density, intermediate density, intermediate richness, shrub cover, woody seedling densities, 
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litter depth, seed bank richness and diversity, soil pH, and coarse woody detritus) on understory 

vegetation at both the treatment unit and quadrat level. Canonical Correspondence Analysis (CCA) also 

examined the relationship between environmental variables and understory vegetation by time period. 

For late season 2001 and 2002 understory vegetation, cover appears to be similar to values 

observed for other studies within the region. Richness was slightly lower and diversity was elevated 

when compared to similar forests. Spring 2002 vegetation revealed a different pattern with low cover 

and high richness and diversity. The seed bank in these white pine stands was only moderately similar 

to the aboveground vegetation. Jaccard's Similarity Index revealed a high degree of similarity in the 

understory vegetation between treatment units. Multiple regression resulted in only a few significant 

relationships between understory vegetation and seed bank richness, seed bank diversity, and seedling 

densities. For late season 2001, CCA revealed only a small amount of the variability (10%) in 

understory vegetation resulted from seed bank diversity, litter depth, soil pH, and late season 2001 

seedling density. Over twice the amount ofthe variability (20%) in spring 2002 vegetation was 

accounted for by seed bank diversity, soil pH, litter depth, and seedling densities. The analyses also 

revealed important relationships between specific understory species and environmental variables for 

both the spring and late season time periods. 

The factors driving late season understory vegetation in these white pine stands emanate from 

the selective harvesting that occurred approximately 10-15 years ago. The environmental conditions 

resulting from these activities allowed early successional species to invade the understory and 

subsequently the seed bank. The amount of early successional species will likely fade over the next 

decade provided there are no further disturbances. The heterogeneity on the forest floor resulting from 

tip-up mounds, coarse woody detritus, and boulders, is another important factor contributing to the 

composition of the understory. These locations provide microsites for germination and establishment. 
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Lower levels of herbivory on the Reservation also contribute to higher levels of cover, richness, and 

abundance when compared to many forests within the Region. 

Spring vegetation was largely driven by the composition of the overstory. White pine canopies 

allow less light to penetrate during the critical early spring time period compared to deciduous canopies. 

The canopy openings resulting from selective tree harvesting may also contribute to an increase in 

spring ephemerals. The degree of shading resulting from the high density of sugar maple saplings and 

seedlings may also be negatively affecting spring vegetation. 

A consistent degree of similarity was found between treatment units regardless of their location. 

The selective tree harvesting that took place over a decade ago allowed many early successional species 

to invade following these activities and is largely responsible for the strong degree of similarity. The 

slow but steady seed dispersal of forest herbs across the landscape also contributes to this similarity. 

The seed bank in these white pine stands is largely composed of the early successional species 

that invaded as a result of the harvesting activities. Modest amounts of spring ephemerals and Carex 

spp. were also found in the seed bank. The dispersal mechanisms of forest herbs, as well as the size, 

shape, and longevity of seeds, are also important factors contributing to seed bank composition. 

CCA and multiple regression revealed that soil pH, litter depth, seed bank richness and 

diversity, and seedling densities also influenced late season cover. The soil pH, more acidic in these 

white pine stands, is likely influencing the abundance and richness of understory vegetation. Increasing 

litter depths appear to have a negative effect on most understory species on these study sites with the 

exception of some of the early successional species. Large amounts of litter appear to shade or block 

emerging seedlings and impact soil moisture and temperature. At least some of the variation in the 

understory was accounted for by seed bank richness and diversity. Once again, the impacts of selective 

tree harvesting, environmental conditions in canopy gaps, and forest floor heterogeneity are responsible 
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for the variation. Woody seedling densities also negatively affect some understory species through 

shading and competition for both belowground and aboveground resources. 

Spring vegetation was also affected by soil pH, litter depth, seed bank richness and diversity, 

and seedling densities. Soil pH, more specifically nutrient availability, can be specifically linked to the 

abundance and distribution of spring ephemerals. Increasing litter depth negatively affects spring 

understory vegetation by restricting the amount oflight available to plants. The moderate amount of 

spring ephemeral species found in the seed bank contributes to the richness and diversity of the seed 

bank. Woody seedling densities are negatively affecting spring ephemerals due to competition for 

nutrients and radiation. 

The understory in this mesic white pine forest is not a steady state assemblage due to the 

harvesting activities that occurred over a decade ago. The understory community consists of both forest 

herbs that have been in place for over a century and early successional species that invaded as a result 

of the harvesting activities. Therefore, species composition is driven by a variety of different factors 

based on the different life history requirements of the species in this assemblage. 
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Introduction 

For thousands of years, coniferous forests in the Lake States were influenced by natural 

disturbances that shaped their structure and composition (Frelich 1992). Curtis (1959) estimated 

that at the time of European settlement, 48.3 percent of the land surface of Wisconsin consisted of 

forests dominated by coniferous trees with a small hardwood element. European settlement 

resulted in massive harvesting and clearing of forests as well as the alteration of the natural fire 

regime (Cook 2000). Following these disturbances, white pine (Pinus strobus) forests claimed a 

fraction of their original acreage (Frelich 1992). 

The Menominee Forest provides a unique opportunity to study some of the oldest 

remaining white pine communities in the Lake States. After securing their land through treaty 

rights in the mid-nineteenth century, The Menominee Tribe initiated management of their forests 

for timber production. Research stands are dominated by an impressive 140-year old white pine 

overstory, yet a dense hardwood intermediate layer is present due to harvesting activities. 

The primary objective of this study will be investigating some of the biotic and abiotic 

forces driving the abundance, richness, and diversity of understory vegetation in the white pine 

ecosystems on Menominee triba1lands. Evaluation of the relationship between aboveground 

vegetation and the seed bank will be the secondary objective. We predict that this forest will 

contain a mix of early and late successional species that commonly occur in recently disturbed 

mesic white pine forests. Disturbance often provides an opportunity for species to invade thus we 

expect understory richness to be greater than similar forests not experiencing disturbance. 

1 



Measurements of the overstory, intermediate layer, and understory will be used to investigate our 

objectives. In addition, other measurements such as soil pH, seed bank content, and coarse 

woody detritus, will also be examined. 

2 



LITERATURE REVIEW 

Abiotic Factors Influencing the Abundance, Richness, and Diversity of Understory 

Vegetation 

Radiation 

The quality and quantity of radiation reaching understory plants is significantly altered as 

it passes through the forest canopy and any intermediate layers. Processes critical to understory 

plants, such as photosynthesis and germination are directly affected, thus influencing plant 

survival and persistence. Radiation levels observed in various forests are presented below, as 

well as results detailing the impacts of varying radiation levels on herbaceous plant distribution. 

Understory Radiation Levels 

As varying levels of radiation filter through the canopy, abundance, richness, and growth 

characteristics of understory plants are impacted. In a climax deciduous forest in southwestern 

Michigan, 55 years of study attributed changes in understory abundance to decreasing radiation 

levels. Mean forest richness in 1933, 1963, and 1974 was 48, 42, and 41, respectively. Of 13 

abundant understory herbs, 85% demonstrated life-history adaptations to low radiation levels. 

Declines in radiation levels were caused by an increased degree of shading by dense Acer 

saccharum leaves and a decrease of less shade tolerant species such as Carya cordiformis, 

Fraxinus americana, and Tilia americana in the overstory (Brewer 1980). 

Scheller and Mladenoff (2002) concluded differences in understory composition in old

growth, even-aged, and uneven-aged northern hardwood forests were related to available 

radiation. Richness per forest and mean percent cover per quadrat were greatest in uneven-aged 

forests and lowest in old-growth forests. Mean richness for old-growth, even-aged, and uneven

aged forests were 35, 42, and 58, respectively. Mean percent cover per quadrat averaged 5, 9, 

and 26, respectively, for old-growth, even-aged, and uneven-aged forests. 
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Sunflecks 

In addition to transmitted and diffuse radiation, sunflecks are an important source of 

radiation reaching the forest floor (Chazdon and Pearcy 1991). Sunflecks are a vital resource for 

light-restricted understory plants, contributing to photosynthesis, reproduction, and growth 

(Chazdon and Pearcy 1991, Barnes et al. 1992). The occurrence of a sunfleck is dependent on 

several factors: canopy structure, passage of clouds obstructing the sun, and movement of 

branches and foliage by wind. Generally lasting for less than two minutes under closed-canopy 

conditions, the duration and irradiance of sunflecks decreases as tree height and leaf-area increase 

(Chazdon and Pearcy 1991). 

In a northern hardwood forest, the estimated proportion of total growing season PAR 

(Photosynthetically Active Radiation) received as sunflecks averaged 68% (Canham et al. 1990). 

In mesic forest understories, Chazdon and Pearcy (1991) found sunfleck radiation ranged 

between 5-50 f.!mol m-2 s-1• Understory PAR in the form of sunflecks was highest under early 

successional species such as A. rubrum (35% of total understory PAR), Q. rubra (41% oftotal 

understory PAR), and F. americana ( 48% of total understory PAR) and least under shade-tolerant 

species including T. canadensis (3% of total understory PAR), F. grandifolia (4% of total 

understory PAR), and A. saccharum (7% of total understory PAR) in a New England hardwood 

forest (Canham et al. 1994). 

Radiation in Canopy Gaps 

Connell (1989) broadly defines a canopy gap as a patch created by the removal of one or 

more overstory trees. In a mature beech-maple forest, Moore and Vankat (1986) found 

herbaceous cover was higher in young and mid-age gaps than in old-age and closed canopy gaps. 

Increasing herb cover corresponded to rising PAR values under gaps during the summer months. 

4 



Species density remained constant over time, with increasing cover values attributed to the 

rearrangement of species found beneath the forest canopy. 

In a 70-year old hardwood forest in Pennsylvania, herbaceous growth and reproduction 

were monitored beneath single and multiple tree canopy openings over a three-year period. 

Although no significant increase in understory cover was observed, an increase in growth 

characteristics such as leaf length and width was displayed by several species. Collins and 

Pickett (1988) suggested three years may be insufficient to measure significant understory 

response to radiation in gaps. 

Soil pH 

Overstory composition and distribution throughout a forest can influence soil pH. In 

addition, assemblage, distribution, abundance, richness, and diversity of understory plants are 

often related to soil pH values. 

Early studies considered the relationship between soil pH and common tree species. 

Alway et al. (1933) found pH values of 4.7 in a mature white pine stand and 5.2 in a sugar-maple 

basswood forest. Soil pH values under T. canadensis (4.0) were slightly more acidic than P. 

resinosa (4.1) in two Connecticut forests (Mergen and Malcolm 1955). Read and Walker (1950) 

found pH values were less acidic under Juniperus viginiana (4.8) when compared toP. resinosa 

and P. strobus (4.2) in Connecticut. Maguire and Forman (1983) found that average soil pH was 

acidic (4.2) in an old-growth hemlock-hardwood forest in West Virginia. Soil acidity did not 

influence total tree seedling density or the density of individual species. 

Many studies have investigated the link between soil pH, overstory composition, and the 

richness and diversity of understory vegetation. In conifer and hardwood forests in northern 

Wisconsin, soil acidity averaged 3.2. P. resinosa forests were most acidic (3.0) followed by 

jackpine (3.2), mature hardwoods (3.2), and young hardwoods (3.5). Soil pH was included in six 
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of eight regression models depicting relationships between species density or diversity and site 

factors. Variability explained by the six models ranged from 0.10 to 0.59, with a mean of0.37 

(Brosofske et al. 2001 ). 

In an old-growth Canadian deciduous forest, the distribution of Carex plantaginea, a 

lowland species, was attributed to soil pH. The distribution pattern of three other upland Carex 

spp. was not related to soil pH (Vellend et al. 2000). 

Many herbaceous species typically associated with hemlock grow in acidic soils (Rogers 

1982). In hemlock and hardwood forests, Beatty (1984) recognized a unique assemblage of 

species within each forest type. Overall, hardwood forests had more herbaceous species and 

contained many understory species not found under hemlock. 

Soil pH in clearcut and secondary hardwood forests sampled in western Maryland ranged 

from 4.7 to 5.8 but proved insignificant in explaining understory distribution and abundance 

(Yorks et al. 2000). Although pH was slightly higher. in second-growth mixed-oak forests in 

Ohio, old-growth stands contained higher richness and diversity (Goebel et al. 1999). Diversity 

and pH were inversely related in four cover types in the boreal forest region of Canada (Legare 

2001). 

Ehrlen and Eriksson (2000) examined the establishment of seven perennial forest herbs 

common within nutrient-rich coniferous and hardwood sites. Seeds, bulbs, and juvenile plants 

were sown or transplanted into plots within coniferous and hardwood forests. Successful 

recruitment of each species was measured within a 50 meter radius surrounding each plot. Soil 

samples were collected at each plot location and pH was measured. Logistic regression indicated 

no relationship among soil pH and seedling emergence or survivorship. 
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Disturbance 

Silviculture 

Disturbances due to silviculture practices are common in forested ecosystems. The 

shelterwood system is an even-aged system where the reproduction method removes mature trees 

in two or more successive cuttings, temporarily leaving some old trees to serve as a seed source 

and protect regeneration. In the first stage, preparatory cutting is an optional treatment to 

increase tree vigor and stimulate seed production. Next, through seeding or establishment 

cutting, regeneration is established throughout the stand. In the final cut, a harvest of mature 

trees removes the overstory so the new community can develop (Nyland 2002). 

The effects of shelterwood treatments include microclimatic changes in temperature, 

moisture, and radiation in the understory. As a result of the preparatory and seed cuts, radiation 

and temperature near the ground surface are elevated. Soil moisture increases in the upper soil 

horizons, but to a lesser degree than clear-cutting methods due to continued transpiration by 

residual trees (Nyland 2002). 

The Effects of Silvicultural Treatments 

Stimulation from scarification, reduction of the hardwood understory, and elevated 

radiation levels result in increased growth of herbaceous species. Early successional species 

increase in the decade following cutting but decrease in the subsequent years. 

Following clear-cutting of a mature hardwood forest on the Brandywine Conservatory in 

New Hampshire, Hughes and Fahey (1991) documented the dominance of early successional 

shrubs and herbs. Yorks et al. (2000) determined that early successional species were largely 

absent from older clearcuts and mature stands but appeared following cutting in clearcuts and 

mature secondary hemlock-pine-hardwood forests in western Maryland. These changes were 

attributed to the germination of buried seed or seed dispersal from nearby sites following cutting. 
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Metzger and Schultz (1984) determined understory vegetation in a mature, northern hardwood 

forest was dominated by early successional species in the first four to five years following 

cutting. Fifty years following treatment the herbaceous layer was similar to pre-harvest 

conditions, with richness averaging 35 under partial cuttings, 36 under selective harvesting, and 

18 in control forests. 

In a related study, Metzger and Schultz (1981) examined spring ephemeral richness 50 

years following harvesting treatments in the same forest. The group cut stand had a slightly 

higher richness (29) than the selectively cut stand (23). Seven taxa, E. americanum, Claytonia 

caroliniana, A. saccharum, Viola spp., Dicentra cucullaria, D. spinulosa, and Carex spp., 

consistently provided more than half of the total importance value. In an eastern hardwood 

forest, Meier et al. (1995) also studied spring ephemeral richness in forests subjected to varied 

levels ofharvesting. Selectively thinned stands (10.3) and unlogged stands (10.1) had a similar 

number of spring ephemerals when compared to unlogged stands. The fewest spring ephemerals 

were found in clearcut stands (8.9). 

In western Washington, Thomas et al. (1999) found that vegetation cover was 

consistently higher under the most intensely thinned Pseudotsuga menziesii plots (70% removal). 

Ferns and graminoids showed the greatest positive response to thinning treatments. Vegetation 

data were collected 11-16 years following thinning. Harrington and Edwards (1999) also 

demonstrated that forb and grass covers were 13 and 8% greater, respectively, after thinning of P. 

palustris and 7 and 9% greater, respectively, after non-pine woody understory control. 

Little variation in understory richness, composition, and diversity was found between 20 

year old even-aged (clearcut) and 70 year old mixed-aged (mature) hardwood forests in the 

Allegheny Mountains of West Virginia. Species density averaged 13 (number of species per m2) 

in both clearcuts and mature stands and diversity (Shannon-Wiener Index) was slightly higher in 
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clearcuts (1.8) than mature stands [1.6] (Gilliam et al. 1995). Wetzel and Burgess (2001) 

examined short-term understory response following different intensities of thinning and site 

preparation in three, 11 0-year old P. strobus and P. resinosa stands. Shrub diversity increased 

but few changes in understory diversity were documented across treatments. Vegetation surveys 

were conducted during the growing season following treatments, thus Wetzel and Burgess (2001) 

expected vegetation composition to change substantially in future years. 

Fire History 

Prior to European settlement in the Great Lakes Region, forests were often perpetuated 

by a disturbance regime dominated by fire (Heinselman 1973, Frelich 1992). White pine is most 

abundant in areas where the natural fire regime consists of non-lethal surface fires at 20 to 40 

year intervals and catastrophic crown fires at intervals ranging from 150 to 300 years (Frelich 

1992). A return interval of 130-160 years has been estimated for destructive crown fires in white 

pine and mixed pine forests of the Lakes States (Heinselman 1973, Whitney 1986, Carey 1993). 

Following settlement in the Lake States, the frequency and intensity of fire in the natural 

landscape increased in many parts of the region. Pre-settlement data indicate an average interval 

of four years between significant fire years, declining to two years during settlement. Intensive 

logging operations cleared significant amounts of land, increasing fuels necessary to carry 

wildfires. During this time period, human carelessness ignited many fires (Heinselman 1973). 

Although fire was common in many forests of the Lakes States, the study sites have not 

experienced catastrophic fire for at least 150 years. In at least some instances, fire is not 

responsible for the perpetuation of white pine communities. For example, Quinby (1991) 

documented the existence of a white pine community that had persisted for seven centuries 

without the influence of catastrophic fire. 
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The Effects of Fire 

Numerous studies illustrate changes in abundance, richness, and diversity of understory 

vegetation following both natural and prescribed fire. In an early review of fire related literature, 

Ahlgren (1960a and 1960b) reported an increase in understory herbs and grasses, stimulation in 

seed production by grasses, and an increase in shrubs following fire in Minnesota pine forests. 

Studies in forested ecosystems have documented the short-term responses of the 

herbaceous layer following fire. Swan (1970) described the increased abundance of the 

herbaceous layer in a northern hardwood stand in the eastern United States following fire. Flinn 

and Wein (1988) also recognized increases in understory abundance following both spring and 

autumn bums in mixed-wood Canadian forests. Increased abundance and richness of understory 

species was also noted on burned sites in oak-pine forests of the Cumberland Plateau (K.uddes

Fischer and Arthur 2002). 

Several studies have examined long-term changes in vegetation following fire. 

Prescribed burning in a mature red pine stand in Michigan had minimal effect on species density 

and abundance but resulted ~n a compositional shift (Henning and Dickmann 1996). Investigating 

changes in understory vegetation 26 to 230 years following fire, De Grandpre et al. (1993) 

determined understory cover and richness decreased as years following fire increased, with the 

most dramatic decline in plant cover occurring 26-74 years following fire. 

Many taxa of woody shrubs and trees sprout quickly following fire. In old-growth red 

and white pine forests, Lynham and Curran (1998) observed sprouting several months following 

burning. Similar results were also noted by Flinn and Wein (1988) in a mixed-wood Canadian 

forest, Henning and Dickmann (1996) in a red pine plantation, and Reich et al. (1990) in a mixed 

-oak forest in central Wisconsin. 
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Windfall 

Severe windstorms produce considerable damage in white pine ecosystems. 

Comparisons of pre-settlement disturbance patterns in northern Wisconsin and contemporary 

climatic records indicate that catastrophic thunderstorms were the primary mechanism for 

windfall events. Pre-settlement survey records of Wisconsin indicate 52(> 1.0 hectare) separate 

patches ofwindthrow damage totaling 4828 hectares occurred annually in the northern part of the 

state (Canham and Loucks 1984). Whitney (1986) estimated the average return time for 

windfalls in the pre-settlement hemlock-white pine-northern hardwood forests of Michigan was 

1220 years. This matches closely with Canham and Loucks (1984) recurrence estimate of 1210 

years for the pre-settlement hemlock-hardwood forests of northern Wisconsin. 

Uprooting and breakage are the two forms of damage following severe windstorms. The 

frequency of uprooting, the dominant form of damage, is due to the high levels of precipitation 

associated with windstorms. This often saturates the soil and loosens shallow roots. 

Canopy Openings 

In a survey of old-growth mesic forests throughout the eastern United States, Runkle 

(1982) determined canopy openings covered 9.5% of the total land area, with new gaps being 

formed at a rate of 1% per year. Frelich and Lormier ( 1991) estimated average rates of canopy 

mortality as 5.7-6.9% per decade in old-growth northern hardwood forests in Upper Michigan. 

The percent of land area in canopy gaps appears to be relatively similar for other forest types 

including: Allegheny northern hardwood forests in central New York [8.4%] (Kransy and 

Whitmore 1992), an old-growth Ohio Acer-Fagus remnant [7.0%] (Runkle 1990), and young 

hardwood boreal forests in northwestern Quebec [7 .1%] (Kneeshaw and Bergeron 1998). 
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Following the formation of a gap, colonization ofthe understory is from residual species 

or the seeds dispersed into the seed bank. Colonists present prior to canopy disturbance may 

include healthy or damaged seedlings, saplings, trees, shrubs, and herbaceous plants. 

Environmental and physical characteristics in gaps which influence colonization were 

measured by Collins and Pickett (1988) in a mature eastern hardwood forest. Maximum daily air 

temperature was greater and fluctuated more within gaps compared to the surrounding closed 

forest. On clear, mid-summer days the northern portion of gaps received significantly more 

radiation than other parts, but on all other days, radiation was evenly distributed. No changes 

were found in the minimum daily air temperature, soil temperature and moisture, and inorganic 

nitrogen content of soil. 

Litter and soil temperatures and soil moisture were compared by Mladenoff ( 1987) in 

gaps and forested plots in a northern hardwood-hemlock forest in the upper Great Lakes Region. 

In gaps, temperatures were consistently higher in both the litter and upper soil layers throughout 

the growing season, with less pronounced differences beginning at soil depths of 10 centimeters. 

Soil moisture was also higher in gaps, with the largest differences noted in May and October. 

Moore and Vankat (1986) studied the seasonal variability in soil temperature, soil 

moisture, and radiation beneath canopy openings in a mature beech-maple forest in Ohio. 

Following partial closure of the canopy in gaps in mid to late summer, soil temperature and 

moisture in older gaps was significantly lower than younger gaps. Radiation levels throughout 

gaps were similar in spring prior to canopy closure, but varied substantially following canopy 

closure in summer. 

An increase in nutrient availability often occurs in canopy gaps. The removal of 

overstory trees reduces competition and increases nutrient availability for understory plants. In 
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addition, an increase in the decomposition of organic matter also elevates the flow of nutrients 

(Collins et al. 1985). Mladenoff (1987) observed higher nitrogen mineralization rates in gaps 

formed by the death of hemlock trees on silt loam soil when compared to the surrounding intact 

forest. Gaps formed by maple treefalls had greater amounts of nitrogen mineralization than 

forested plots in September, coinciding with autumn leaf drop. 

Pit and Mound Sites 

Mature trees are frequently uprooted as a result of windfall or other natural damage, 

resulting in the formation of pit and mound sites. Varying in size, shape, and frequency, pits and 

mounds are important structural components of forests. Uprooting often produces pit and mound 

topography at the base of uprooted trees, with each microsite having some unique soil and micro

climatic characteristics (Palmer et al. 2000). The habitat heterogeneity increased by pit and 

mound locations creates new sites for colonization and enriches understory richness and diversity 

(Palmer et al. 2000, Thompson 1980, Vellend et al. 2000). Patterns of richness and species 

assemblages are commonly seen across pit and mound locations within forests (Beatty 1984, 

Palmer et al. 2000, Thompson 1980). 

Palmer et al. (2000) measured physical characteristics and assessed species density at 56 

pit and mound locations following catastrophic windthrow in Minnesota pine and oak forests. 

Mounds had an average height of 0.6 meters, length of 0.9 meters, and width of 1.9 meters, and 

pits had an average depth of 0.16 meters. After a four-year period, the mounds eroded, becoming 

shorter, longer, and shallower. In early years of the study, a high density of annuals and biennials 

was measured across pits and mounds. Old soil, found on part of the mound on the side of the 

bole, consisted of intact, but uplifted forest floor soil. New soil, composed ofbare mineral soil, 

was located on the side of the mound away from the bole. The pit was situated below the level of 

the forest floor, on the opposite side of the mound from the bole. Two years following 
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windthrow, a mean density of four, six, and three species, respectively, was found on new soil, 

old soil, and pits. Over time, annuals and biennials decreased, and the proportion of trees, shrubs, 

vines, and perennial forbs increased. New soil was initially colonized by ruderal species but two 

years following windthrow, ruderal species also increased in old soil locations and decreased in 

pits. After ten years of gradual increase, species density was 12, 13, and 10, respectively, in new 

soil, old soil, and pits. Density declined on pit and mound sites following the ten-year peak 

(Palmer et al. 2000). 

In an old-growth oak forest, Thompson ( 1980) examined vegetative composition on the 

far slope, near slope, and center of pit and mound locations. The far slope consisted of the entire 

slope of the pit except at the base of the tree. The near slope was located just below the root mass 

at the tree base. The center of the pit was considered the deepest area. The far slope had a 

surface area two to three times greater than the near slope or center and was easily colonized by 

both spring and summer species. On the near slope, colonization was predominately from 

germination of newly dispersed seeds. The center of the pit was moister, cooler, and contained 

nutrient-rich litter, creating an ideal microsite for spring ephemerals. Inside the pit, an average of 

3. 5 species were found in spring and 3.1 species during summer (Thompson 1980). 

In a mixed deciduous-coniferous forest in east-central New York, Beatty (1984) found 

the majority of common herbs had spatial distributions related to pit and mound topography. 

Beatty (1984) also characterized abiotic differences between pit and mound microsites. Mounds 

were typically drier, less nutrient rich, contained less organic matter, and had a smaller amount of 

litter cover than pits. In addition, mounds were warmer in summer and cooler in winter. In 

contrast, growing conditions in pits were more advantageous, with more moisture, higher nutrient 

content, and more organic matter. 
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Litter 

The quantity and persistence of tree litter results in various chemical and physical effects 

on understory vegetation in forested communities (Sydes and Grime 1981a). Leaflitter also 

influences soil moisture, nutrient content, and temperature (Hart et al. 1962). In forested 

communities, understory plant establishment, abundance, richness, and diversity are often 

impacted. 

Brosofske et al. (2001) found a gradient for litter and duff depth in mature hardwoods, 

young hardwoods, and mature red pine in northern Wisconsin. Young hardwoods contained the 

deepest litter, followed by mature hardwoods and red pine, respectively. In regression models 

illustrating the relationship between understory diversity and environmental site variables, litter 

depth accounted for 20% of the variation in clearcut and pine barren sites. Duff depth accounted 

for a small amount of variation in the model depicting understory richness in mature and young 

pine sites. 

Collins (1990) concluded woody seedling distribution in an old-growth hemlock

hardwood forest related to depth and type (coniferous vs. deciduous) of litter. Hemlock seedlings 

were found in microhabitats with shallow, mostly coniferous litter whereas black cherry and 

sugar maple seedlings inhabited areas with more deciduous litter. In addition, litter depth 

measured around A. rub rum seedlings surviving for more than nine days was substantially 

shallower (3.0 em) than those experiencing mortality within four to nine days (3.7 em). 

In an eastern deciduous forest, plant distribution and abundance were examined in pits 

containing naturalleaflitter and litterless pits (leaflitter physically removed and prohibited from 

falling over a three year period). Over a three-year period, germination, establishment, and 

richness increased in litterless pits. Litterless pits decreased in soil moisture and increased in soil 

temperature suggesting these conditions enhanced germination and establishment. Physical 
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removal of leaf litter may have assisted the survival of seedlings otherwise blocked and shaded. 

Only one year after litter removal, density increased by an average of six species. Three years 

following litter removal, average richness per pit was similar in both litterless and control pits 

(Beatty and Sholes 1988). 

In a Great Lakes hardwood forest, abundance of vernal herbs was higher on soil mounds 

and much lower in pit locations. Rogers (1982) attributed the difference in cover to litter depth 

and suggested deep litter may indirectly inhibit growth by shading vernal plants. Beals and Cope 

(1964) found a lack of vernal herbs on sites with deep leaf litter in central Indiana woodlands. 

Differences were attributed to soil warming in pit locations. Herbs located on deep litter sites 

generally matured later than those with shallower leaf litter. 

Sydes and Grime (1981a) concluded plant composition was strongly affected by 

topography, the distribution of tree litter, and the ability of understory species to emerge through 

layers of persistent litter. The weight of tree litter in the deciduous forest ranged from 11 to 636 

grams/m2 with few plants occurring above 200 grams/m2• Patterns of plant distribution and plant 

frequency were largely governed by varying quantities of litter. In a related greenhouse 

experiment, Sydes and Grime (1981b) subjected five herbaceous species transplanted from 

woodlands to various treatments of deciduous tree litter. In two of the five herbaceous plants, 

growth was substantially reduced by the application of deciduous leaf litter. 

Coarse Woody Detritus 

Coarse woody detritus (CWD) quantities in forested ecosystems vary based on 

composition, age, disturbance, and management regime. CWD is present in various states of 

decay in the form of snags, fallen logs, pieces ofwood, large branches, and/or stumps. The 

abundance, spatial arrangement, and chemical, physical, and biological properties of CWD can be 

related to understory richness and diversity. 
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Goodburn and Lorimer (1998) measured CWD quantities in northern hardwood forests in 

northern Wisconsin and adjacent western Upper Michigan. Old-growth forests contained the 

greatest amounts ofCWD (102 m3/ha), followed by uneven-aged selection forests (61 m3/ha), and 

finally even-aged northern hardwood forests (25 m3/ha). In managed eastern hardwood forests, 

clearcuts contained the largest amount ofCWD (89 m3/ha), followed by old-growth forests (42 

and 58 m3/ha), and 15-25 year old pole forests [38 m3/ha] (McCarthy and Bailey 1994). The 

volume of CWD in old-growth hemlock forests of northern Wisconsin inventoried by Tyrrell and 

Crow (1994) ranged from 55 to 207 m3/ha, averaging 121 m3/ha across 25 stands. 

Brosofske et al. (2001) estimated percent cover of coarse woody detritus within various 

northern Wisconsin forest types. Clearcuts contained the greatest amount of coarse woody 

detritus (31.5% ), followed by young hardwoods (14. 7%), red pine (12.3%), and mature 

hardwoods (10.5%). In regression models predicting understory richness in clearcuts and pine 

barrens, coarse woody detritus explained at least half of the 30% total variation accounted for by 

the model. 

Research by Scheller and Mladenoff (2002) in old-growth hardwood forests of northern 

Wisconsin and upper Michigan identified coarse woody detritus as a contributor to understory 

composition. High volumes of CWD in old-growth forests corresponded to the distribution of 

several herbaceous species that colonized nurse logs and rotten stumps. 

Thompson (1980) also observed the colonization oflogs by herbaceous plants in an old

growth oak and hickory preserve in east-central Illinois. An average of four species was found on 

or within one meter of a bole. Bratton ( 197 6) found an average of four species on decaying logs 

and an average of three species beside logs in an eastern deciduous forest. In aspen-dominated 

boreal forests, seven herbaceous species and at least six tree seedlings were prevalent on decaying 

logs and stumps (Lee and Sturgess 2001 ). Research in two northern hardwood forests in the 
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eastern U.S. revealed that mean total seedling density for decaying logs (23) was substantially 

higher than forest floor sites [13] (McGee and Birmingham 1997). 

Boulders 

Understory plants can be found beside, in a crevice, or on top of a boulder. In spring, 

several spring ephemeral species maintained their highest cover values beside large boulders in 

mature deciduous forests in Great Smoky Mountains National Park. Similarly, in summer several 

herbaceous species occupied the sheltered area adjacent to large boulders. Other species 

exceeded 50% cover in leaflitter on the tops of boulders, but were commonly absent beside 

boulders or in the crevices between boulders. The success of these species is attributed to their 

shallow root systems and ability to survive in less than one centimeter of organic matter (Bratton 

1976). 

Conclusion 

Abiotic factors, to varying degrees, impact the distribution, abundance, and diversity of 

understory vegetation. Radiation is a strong determinant of understory richness and diversity, 

whereas pH appears to influence understory vegetation in only some instances. Both natural and 

human disturbances, including silvicultural treatments, fire, and windstorms result in conditions 

that significantly alter composition, richness, and diversity of the understory. The microsites 

provided in and around boulders, pit and mound sites, and fallen logs often contribute to greater 

richness and diversity of understory plants. Finally, information regarding litter and coarse 

woody detritus indicates richness and diversity are moderately affected under specific 

circumstances. 
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Biotic Factors Influencing the Abundance, Richness, and Diversity of Understory 

Vegetation 

Overs tory 

Overstory composition, basal area, structure, and age indirectly affect understory 

abundance, richness, and diversity by altering the quantity of light reaching plants. Singly or in 

combination, these factors influence environmental and physical characteristics on the forest 

floor. Many studies qualitatively and quantitatively assess these impacts. 

As light enters a forest, deciduous and coniferous canopies distribute the various forms of 

shortwave PAR differently, resulting in varying quantities and qualities of radiation. On clear 

days, an average range of 400-670 W m·2 was recorded below a canopy of P. strobus, P. resinosa, 

and P. banksiana in southern Wisconsin. Plots containing hardwoods such as Quercus spp., 

Prunus spp., and Acer spp. demonstrated a consistent peak of 550 W m·2 (Federer and Tanner 

1966). 

Canham et al. (1994) measured differences in radiation beneath coniferous and hardwood 

species in southern New England forests. Shade-tolerant species such as Fagus grandifolia and 

Tsuga canadensis allowed less than 2% PAR to penetrate the forest floor. Radiation beneath A. 

saccharum and A. rubrum averaged 2-5%, whereas transmission beneath early successional 

species, such as Q. rubra and F. americana, was higher ( ~6% PAR). 

In the boreal forest, Ross et al. (1986) found seasonal changes in radiation quantity 

beneath mature deciduous and evergreen trees. In forests with broadleaf deciduous trees, PAR 

values declined as leaves expanded during late spring, and began increasing during leaf drop in 

early fall. In contrast, PAR in plots with evergreen trees consistently declined from a late spring 

high to an early fall low. In mid-summer, PAR values were lower in older forests compared to 

younger forests of similar composition. 
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In four different boreal forest types, Legare et al. (2001) detected substantially higher 

radiation levels 50 em above the forest floor than at zero centimeters above the forest floor. At 

50 em above the forest floor, radiation was highest in aspen (6.4% PAR) and jack pine (6.4% 

PAR), lower in white birch (5.4% PAR), and the least in spruce-fir (4.5% PAR). At the forest 

floor, spruce-fir (5.0% PAR) received the greatest amount of radiation, followed by aspen (4.7% 

PAR), jack pine (4.3% PAR), and white birch (3.9% PAR). 

The amount of radiation reaching the forest floor varies with canopy composition. On 

clear days in P. strobus plots, radiation reaching understory plants ranged from 2.0-6.0 W m-2 

(Federer and Tanner 1966). In a Betula-Fagus-A. saccharum forest, an average of 4.0 W m-2 

reached the forest floor on sunny days and 2.5 W m-2 on cloudy days (Messier and Bellefleur 

1988). Beneath patches of woody seedlings in an old-growth hemlock-hardwood forest in West 

Virginia, a slightly higher radiation intensity of 12 W m-2 was recorded by Maguire and Forman 

(1983). Similar radiation intensities (1-10%) have been reported under hardwood and coniferous 

forests in northern Wisconsin and New England (Brown and Parker 1994, Buckley et al. 1998, 

Canham et al. 1994, Scheller and Mladenoff 2002). Slightly higher values (8-17%) were reported 

by Anderson et al. (1969) in northern Wisconsin P. strobus forests. 

Basal area, structure, and age of the overstory also affect understory composition through 

other mechanisms. A study by Whitney and Foster (1988) determined some herbaceous species 

preferred white pine and hemlock sites, others were linked to old-growth hardwood sites, and a 

few maintained a preference for old-field white pine sites. In a West Virginia old-growth 

hemlock-hardwood forest, composition and height of overstory foliage was a determining factor 

in tree seedling density and herbaceous cover. Low branches and foliage on overstory trees ( <5 

m) resulted in fewer seedlings and lower cover of understory plants (Maguire and Forman 1983). 

In a mixed aspen forest in northern Minnesota, stand structure, described as the vertical position 

20 



and horizontal distribution of balsam fir within forests, was positively related to understory 

diversity. In addition, the difference in understory composition between sites with and without 

conifers was statistically significant; five species were more common in conifer sites and ten 

species were regularly distributed throughout sites without conifers (Berger and Puettmann 2000). 

Fifty years following harvesting, species density increased greatly in stands with greater 

overstory basal area in northern Wisconsin hardwood forests (Metzger and Schultz 1984). In a 

mature forest in western Washington, overstory variables in regression models (stand density 

index, quadratic mean diameter of trees, and canopy cover) combined to explain over 50% of the 

variation in total shrub cover and late-seral herb abundance (McKenzie et al. 2000). 

In 11 0-year old white pine forests, shrub diversity increased slightly as diameter 

increased and basal area and trees/ha decreased, but herbaceous layer diversity varied only 

slightly across treatment groups (Wetzel and Burgess 2001). Understory diversity and 

composition in a West Virginia montane hardwood forest varied little with stand age, basal area 

of the overstory, or density of the overstory (Gilliam et al. 1995). In a study examining four 

cover types in the boreal forest, increases or deceases in basal area did not appear to influence 

species density and diversity (Legare 2001 ). 

Stand age appeared to be an important determinant of species density and diversity in 

old-growth(> 150 years) and second-growth (70-89 years) forests in Ohio mixed-oak forests 

(Goebel et al. 1999). Ford et al. (2000) documented the variation in species abundance and 

distribution with stand age in a southern Appalachian hardwood forest. Hale et al. (1999) 

observed little difference in species composition and diversity between old-growth and mature, 

uneven-aged maple-basswood stands. 
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Intermediate Vegetation 

A thorough review of the literature yielded only a handful of articles detailing the impacts 

of the intermediate layer on understory vegetation. Density estimates of the intermediate layer 

are relatively common in ecological literature and offer a glimpse of the potential impacts. 

Although few studies explicitly document the impacts of intermediate layer, a direct comparison 

of the effects of the overstory layer on intermediate and understory vegetation suggests that 

intermediate density, composition, and structure significantly affect understory vegetation. 

Studies examining intermediate sapling densities in oak and oak/pine forests observed 

ranges of649 to 1489 stems per hectare (Blankenship and Arthur 1999, Hale et al. 1999, Pallardy 

et al. 1988, Peet 1984). In mature and old-growth hardwood forests of the Lakes States, a range 

of 1322-1566 stems per hectare was measured (Hale et al. 1999), but only 294 stems per hectare 

were measured in a separate study for three intermediate species [A. saccharum, T. americana, 

and F. grandifolia] (Rogers 1981 ). Dovciak et al. (200 1) observed 1425 white pine saplings per 

hectare in mature hardwood/conifer forests but Quinby (1991) found only 25 stems per hectare in 

an old-growth white pine stand. Henning and Dickmann (1996) measured a total intermediate 

density of 1428 stems per hectare in a mature red pine plantation in Michigan, whereas Quinby 

(1991) observed 270 stems per hectare. 

Frelich et al. (2003) used cluster analysis to examine the relationship between understory 

vegetation, small trees, and shrubs in Great Lakes pine-hardwood forests. The occurrence of the 

understory species A. nudicaulis, M canadense, Oryzopsis asperifolia, R. pubescens, L. borealis, 

and L. clava tum was negatively associated with dense stands of the small tree A. rub rum and the 

tall shrub C. corn uta (at least 1.4 m tall). In addition, A. macrophyllus achieved maximum 

abundance in areas with the lowest densities of C. cornuta in the intermediate layer. A large 
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group of other herbaceous species did not demonstrate a positive or negative association with 

midstory trees and shrubs. 

Most studies do not identify a connection between ground layer vegetation and sapling 

densities; however, a relationship between the two strata can be inferred. Lorimer et al. (1994) 

determined the dense, shade-tolerant understory found in a mature oak forest negatively impacted 

ground layer cover. Plots treated with herbicide and clipping treatments to reduce tall understory 

trees (> 1.5 m) contained a higher absolute ground cover than control plots (72 vs. 27% ). 

In Upper Michigan hardwood forests, Crow et al. (2002) found sapling densities (2: 1 m 

in height and <1.5 em dbh) of 2076, 499, 484, and 652 stems/ha in unmanaged old-growth, 

unmanaged second-growth, managed uneven-aged, and managed even-aged forests, respectively. 

Although not specifically linked to the sapling layer, herbaceous richness averaged 28, 36, 39, 

and 23 in each stand type. 

Plant Competition 

Over the past 35 years, plant ecologists have actively debated the role of competition in 

plant communities. Research surrounding competition has generally focused on several areas: 

(1) the variation in importance of competition along environmental gradients, (2) the prevalence 

of competition in nature, and (3) understanding how neighboring plant species affect one other. 

The current view of competition has been shaped by continued discussion and a lack of consensus 

in these areas. 

It remains difficult to prove the existence of competition under field conditions and 

confounding factors often make study results difficult to decipher. Studies that report the effects 

of competition typically do not have a way to exclude the alternative interactions that result in 

confounding factors and rarely have the means to distinguish between above and belowground 

competition. 
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Grime ( 1977) and Huston ( 1979) support the concept of competition intensity increasing 

as site quality increases. Grime (1977) defines competition as ''the tendency of neighboring 

plants to utilize the same quantum of radiation, ion of a mineral nutrient, molecule ofwater, or 

volume of space." His theory predicts the species with the highest vegetative growth rate will be 

the better competitor. Grime (1977) used his ideas to develop a three-dimensional model for 

plant strategies, utilizing competition as one dimension. Huston's (1979) theory assumes most 

communities exist in a non-equilibrium state and competitive equilibrium is prevented by 

periodic population reductions and environmental fluctuations. Diversity levels are controlled by 

the rate of competitive displacement and the frequency of population reductions. 

Reviews by Schoener (1983), Connell (1983), and Goldberg and Barton (1992) examined 

the prevalence of competition in plant communities. Schoener (1983) observed that competition 

was present in 91% of the terrestrial studies he examined. In a survey of 205 terrestrial plant 

studies, Connell (1983) detected competition was having a significant influence in 35% of the 

studies. Of fifty terrestrial plant species he examined within studies, 39% displayed interspecific 

competition. Goldberg and Barton (1992) examined 89 journal articles containing 101 distinctive 

plant competition experiments. Results obtained by Goldberg and Barton (1992) documented 

competition at the individual and population level in approximately 74% and 21% of 

experiments, respectively. They also found that competition had significant effects on 

community structure including distribution, relative abundance, and diversity. 

Tilman's (1985) resource-ratio hypothesis theory significantly contributed to the 

understanding of plant interactions. The theory includes competition as a driving mechanism 

behind species changes. Tilman (1985) postulated that above and belowground competition are 

important; however, two species can persist only if they are differentiated in their abilities to 

compete for different limited resources. As the availability of resources changes, different 
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species can co-occur only if they are ranked in competitive ability for one resource in reverse 

order of their competitive ability for the second resource. 

Competition for Belowground Resources 

Understory vegetation competes for belowground resources with overstory trees, 

intermediate saplings, and tree seedlings. Interspecific competition is an important influence in 

forests containing limited resources. 

In white pine forests of northern Minnesota, white pine seedlings in plots with brush 

control grew 48% faster in diameter and experienced less mortality than corresponding seedlings 

without brush control (Saunders and Puettmann 1999). Naturally occurring and planted white 

pine seedlings were larger and contained more aboveground foliage and root mass in thinned 110-

year old Canadian white and red pine forests (Wetzel and Burgess 2001). Riegel et al. (1992) 

determined belowground characteristics such as soil water potential, mineralizable nitrogen, and 

pH increased due to the reduction of P. ponderosa roots in the forests of northeastern Oregon. 

Red oak seedling survivorship was lower in pine forests than in red oak forests in Michigan, 

largely due to lower amounts of available belowground resources in red pine plantations (Buckley 

et al. 1998). 

In an old-growth hemlock-hardwood forest, tree seedlings had substantially lower 

densities inside patches of Lycopodium spp. D. spinulosa, and D. punctilobula (Maguire and 

Forman 1983). The abundance of several herbaceous species was inversely related to maple 

seedling densities in old-growth hardwood forests in northern Wisconsin (Miller et al. 2002). 

White pine seedling establishment decreased due to a fast growing, dense broadleaf layer, and the 

presence offeathermoss beds in Canadian red and white pine forests (Carleton et al. 1996). The 

growth of newly planted tree seedlings in old field communities in the eastern United States was 

limited by competition from herbaceous vegetation (Berkowitz et al. 1995). 
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Herbivory 

Prior to European settlement in The Lakes States, white-tailed deer (Odocoileus 

virginianus) densities in forests were relatively low, averaging less than 4/km2• Following 

widespread timber harvesting in the late nineteenth century, deer populations substantially 

increased due to habitat fragmentation, forest openings resulting from timber cutting, 

management for wildlife, and protective hunting laws (Alverson et al. 1988). Many studies 

extensively document the negative effects of browsing by overabundant white-tailed deer on 

woody species, herbaceous plants, and overall plant community structure (y{ aller and Alverson 

1997). 

In mixed conifer-hardwood forests of Great Lakes States, hemlock (T. canadensis), white 

cedar (Thuja occidentalis), Canada yew (Taxus canadensis), sugar maple (A. saccharum), and 

yellow birch (B. lutea) dramatically decrease in abundance when deer densities are high 

(Stromayer and Warren 1997). Only some woody species recover from browse and return to their 

original densities. Throughout most of the region, Taxus canadensis has experienced little or no 

reproduction due to intense browsing with many populations now lost (Alverson et al. 1988). 

The direct influence of white-tailed deer browsing on the composition and structure of 

hemlock and northern hardwood forests has been investigated in several studies (Anderson and 

Loucks 1979, Frelich and Lorimer 1985). Sugar maple often replaces hemlock in areas ofhigh 

deer density. If browsing intensities continue, simulation models estimate hemlock will become a 

minor component ofthese forests in less than 150 years (Frelich and Lorimer 1985). 

Numerous studies demonstrate the inverse relationship between white-tail deer browsing 

and herbaceous composition and diversity. Moderate-to-intense browsing inhibited the 

successional development of a 230-year old red pine forest as documented by Ross et al. (1970). 

Balgooyen and Waller (1995) documented a decrease in diversity of the herbaceous layer and the 
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extirpation of C. borealis from some sites in northern Wisconsin forests. Augustine and Frelich 

(1998) observed changes in community structure and a severe decline in sensitive herbaceous 

species in southeastern Minnesota forests as a result of browsing. In fenced control plots in a 

Pennsylvania oak stand, abundance and height of woody species was substantially higher as a 

result of decreased browsing (McCormick et al. 1993). A study of white-flowered trillium (T. 

grandiflorum) populations by Anderson (1994) attributed a decline in plant abundance and height 

to increased browsing. 

Seed Dispersal 

Dispersed seeds avoid detrimental conditions, if present, near the parent plant and may 

reach better conditions farther away, thus increasing their opportunity for survival and 

reproduction (Willson 1992). Seed dispersal also impacts colonization rate, population size, 

community structure, and gene flow (Augspurger 1986). Three types of seed dispersal are 

especially important for a patchy habitat such as a forest: vertebrates, wind, and self-dispersal. 

Many plants have special devices and mechanisms to enhance dispersal such as fleshy 

fruits for dispersal by birds and animals, hooks and barbs for attachment on the exterior of birds 

and mammals, wings and plumes for wind dispersal, and special mechanisms for self-dispersal. 

The potential distance reached by a dispersed seed varies with the mode of dispersal, with wind 

and vertebrates displaying larger seed shadows than ants or self-dispersal (Willson 1993a). 

Animals and Insects 

Numerous vertebrates and invertebrates disperse seeds throughout a forest through seed 

caching, defecating, or bodily attachment. Through fruit selection and foraging patterns, insects, 

birds, and small and large mammals often determine the identity, distribution, and location of 

new offspring (Alcantara et al. 2000). 
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Ants are common dispersers of seeds in temperate forest ecosystems. In an eastern 

hardwood forest, 67% of36 herbaceous angiosperms were animal-dispersed, with 36% ofthis 

amount dispersed solely by ants (Handel et al. 1981). Similarly, Beattie and Culver (1981) found 

that 20% ofherbs in a mixed hardwood forest were ant dispersed. Matlack (1994) concluded ants 

were the second most frequent mode of seed dispersal in old-regrowth mixed-hardwood forests. 

Thompson (1981) determined the majority of spring ephemerals in an Illinois forest were ant 

dispersed in contrast to late season herbs that were primarily dispersed by birds. Woodland 

species and taxa known to be dispersed by ants include Asarum candense, C. pedunculata, C. 

virginica, Dicentra spp., E. albidum, E. americanum, Hepatica acutiloba, Jeffersonia diphylla, 

Sanguinaria canadensis, T. grandiflorum, Trillium spp., U. grandifloria, U. perfoliata, V. blanda, 

V. canadensis, V. eriocarpa, Viola spp. and V. striata (Beattie and Culver 1981, Handel et al. 

1981, Thompson 1981). 

In the few studies for temperate forest ecosystems, distance of seed dispersal by ants is 

considered low, generally less than 5 meters and most often less than 2 meters (Beattie and Lyons 

1975, Culver and Beattie 1978, Kjellsson 1985). In a controlled experiment, the mean dispersal 

distance of Viola odorata seeds by ants was 0.01 meters with 0.02 meters as the longest dispersal 

distance and 0.002 meters as the shortest dispersal distance (Beattie and Lyons 1975). In a 

separate experiment by Culver and Beattie (1978), ant-dispersed Viola seeds in a West Virginia 

hardwood forest moved a much greater distance of0.75 meters. Eighty-five percent of the seeds 

were transported to nest sites found under logs, stumps, rocks, twigs, litter, or a combination of 

the above. 

In addition, earthworms frequently come to the soil surface to feed selectively on seeds, 

later returning to their burrow and defecating (Baskin and Baskin 1988). Various soil inhabiting 
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insects also harvest large quantities of seed, storing the cache in their nests. Some of these seeds 

escape consumption by insects and later germinate (Willson 1983). 

'Birds 

Birds serve as important vectors for seed dispersal in forested communities. At least 90 

native genera in 40 families of plants in eastern North America are bird-dispersed, with the most 

represented families being Rosaceae, Caprifoliaceae, Ericaceae, Vitacceae, and Berberidaceae. 

Red and black colors dominate bird-dispersed fruit, with fleshy, edible pulp surrounding, 

embedded in, or attached to the seed (Willson 1986). High-quality fruits with a greater nutrient 

reward and better palatability attract birds more rapidly and result in faster seed dissemination 

(Stiles 1980). Development offruit varies by species and the timing usually is not congruent with 

bird migration. The berries of many fruiting species also persist through the winter for 

consumption and dispersal by birds (Willson 1986). In eastern North America, 39 genera ofbirds 

included in 15 families are reported to consume and potentially disperse fleshy fruits (Willson 

1986). In a review of studies from the region, Willson (1986) determined 25 and 38% of bird 

species in winter and 32 and 43% of bird species in summer were seed dispersers in northern 

coniferous and mixed forests, respectively. Willson (1986) concluded 34 and 29% of plant 

species in northern coniferous forests and mixed forests, respectively, were bird-dispersed. In 

Minnesota coniferous and deciduous forests, bird-dispersed species averaged consistently higher 

cover than non-bird dispersed species [5.9 and 3.2%, respectively] (Janssen 1967). 

Several studies provide evidence of the large quantity of seeds predated or fruits 

consumed by birds in forested or related ecosystems, directly impacting plant dynamics. In the 

eastern United States, McDonnell and Stiles (1983) concluded seed dissemination by birds into 

old fields averaged 29 seeds/m2, with the greatest density along the forest edge. Denslow (1986) 
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found that birds removed an average of 4 7% of the fruit crop of Sambucus pubens per bush per 

day, varying from 2 to 4176 individual fruits per bush, in a Wisconsin northern mesic forest. 

The bluejay (Cyanocitta cristata L.) provides an excellent example of an important seed 

disperser in a forested ecosystem. They disperse acorns over distances as great as 1-4 km, 

average 1-7 nuts per trip, and cache seeds in the ground that often germinate and establish new 

seedlings (Darley-Hill and Johnson 1981, Johnson et al. 1997, Johnson and Adkisson 1985). 

Johnson et al. (1997) found that caches of oak acorns created by bluejays were located primarily 

in regenerating woody habitats, canopy gaps, and forest edges. Darley-Hill and Johnson (1981) 

determined nuts were cached singly, within a few meters of each other, and almost always 

covered with leaves or organic matter. 

In some instances, passage of a seed through the gastronintestinal tract of a bird may be 

advantageous; however, little direct research exists in this area (Willson 1983). In a recent study, 

Holthuijzen and Sharik (1985) found that seeds of eastern red cedar (Juniperus virginiana), were 

1.5 to 3.5 times more likely to germinate when bird-passed. 

Small Mammals 

Small mammals affect seed spatial distribution, quantities, and establishment 

probabilities through the movement, consumption, burying, and caching of seeds. Seeds are 

preferentially harvested from dense patches with seed selection often corresponding to seeds with 

the highest energy content. Seeds are either consumed or cached, with small mammals using 

scent and memory to locate cached seeds. Seed caches can be buried at varying depths under soil 

or litter, or placed in crevices, burrows, or nests. Those seeds that escape detection have the 

potential to later germinate and establish (Price and Jenkins 1986). 

30 



Large quantities of primarily woody seed are predated by small mammals. Predation of 

A. rubrum seeds by the white-footed mouse (Peromyscus leucopus) placed throughout an old 

field and adjacent second-growth forest averaged 72 and 96% in fall and winter, respectively 

(McCormick and Meiners 2000). Predation of white spruce cones by red squirrels averaged 52% 

over a three-year period in a mixed-wood boreal forest in Alberta (Peters et al. 2003). 

Although most seed caches are located not far from their seed source, it remains 

advantageous to most plant species and often compliments other means of dispersal (Price and 

Jenkins 1986). In a New England white pine forest, Abbot and Quink (1969) estimated white

footed mice and red-backed voles (Clethrionomys rutilus) carried seeds less than 30 meters, with 

60% of seeds moved less than 15 meters. In Michigan, gray and fox squirrels predated 415 of out 

419 buried hickory nuts during winter (Cahalane 1942). Sork (1984) found that acorns were 

dispersed less than 20 meters by small mammals in a Missouri oak-hickory forest. 

Large Mammals 

Seed transport by large mammals through fecal deposits or adhesion is important, yet 

remains less common than dispersal by ants, birds, or small mammals. Edible fleshy fruits are 

produced by approximately 100 plant genera in North America, of which about 69% have been 

reported to be eaten by mammals. In many North American mammals, fleshy fruits comprise the 

majority of their diets and are especially important in late summer, autumn, and spring. Large 

mammals have the potential to carry seeds for considerable distances due to the slow rate of seed 

passage through the digestive system. For example, bears may move an average of0.50 km/hour 

and up to 10 km/day. One bear may potentially drop up to 1000 seeds in one fecal deposit, 

resulting in the germination of seeds or further dispersal through weathering or harvest by birds 

and rodents (Willson 1993b ). 
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White-tailed deer contribute to the distribution of seeds through fecal material. Fecal 

deposition in white-tail deer begins in approximately 15-20 hours following ingestion, peaks after 

1-2 days, and may continue for a week or more (Mautz and Petrides 1971). Deer generally travel 

within a range of about 1 km within a period of a few days and frequently much farther 

(Marchinton and Hirth 1984). In a mature eastern mixed-hardwood forest, pellet groups from 

white-tailed deer contained an average of 62 Lonicera tatarica seeds per group, germinating at a 

rate of76% (Vellend 2002). 

Adhesion 

Seed may also adhere to the fur or feathers of vertebrates resulting in the transport of seed 

from several meters to several kilometers (Baskin and Baskin 1998). Sorensen (1986) suggested 

that although adhesive dispersal is less common, seeds may travel farther than seeds internally 

ingested by mammals or wind-dispersed. Matlack (1994) found that two adhesive species, 

Circaea quadrisulcata and G. aparine, successfully colonized young, mixed-hardwood stands 

due to the long-range mobility of the vertebrates they attached to. An investigation of the long

distance dispersal of Arceuthobium americanum (mistletoe) in Canadian P. banksiana forests 

determined the seed was attached to 5% ofbirds (Punter and Gilbert 1989). 

Wind Dispersal 

Traits such as appendages, small size, or large surface/volume ratio generally offer the 

best success for long distance wind dispersal (Willson 1983). Seeds of some species are so small 

they are easily carried by the wind without the aid of special appendages. Other seeds are 

indirectly dispersed by wind after being shaken out of the fruit by a passing breeze (Willson 

1992). 
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As a seed falls from the parent plant, vertical descent is regulated by variability in wind 

speed, direction, and length of exposure, as well as surrounding topography and vegetation 

(Augsburger and Franson 1987). Seedfall is also moderated by factors such as seed shape, weight 

distribution, area, and porosity. Drag or lift balance the acceleration due to gravity, causing a 

constant fall velocity to be reached (Matlack 1987). Following wind dispersal, the majority of 

seeds in a forested ecosystem fall into cracks in the soil or are covered by sediment and litter 

(Baskin and Baskin 1998). 

In a review of wind dispersal studies, the dispersal distances of seeds from several 

herbaceous plants were compiled by Okubo and Levin (1989). Short-distance dispersers included 

Oenothera biennis (1.6 m) and Verbena stricta (0.9 m). Solidago rigida (4.0 m) dispersed 

moderately further and Asclepias syriaca dispersed an average of 4.1 and 10.5 meters, 

respectively, in two separate studies. Lycopodium spp. (10.0 m), Cirsium undulatum (17.0 m), 

and Apocynum sibiricum (20.5 m) dispersed the furthest distances. 

Matlack (1987) compared the lateral dispersal distances in a 10 km/hr breeze of species 

representing a variety of fruit and seed morphologies. Achieving the greatest dispersal distances 

were the samaras of A. negundo, A. rub rum, and F. americana, estimated at 70.1, 98.7, and 41.1 

meters, respectively. The seeds of two other tree species, Carpinus caroliniana (nutlet and bract) 

and T. americana (bract), traveled much shorter distances of 19.4 and 15.0 meters, respectively. 

Herbaceous species with plumed seeds dispersed the furthest, with Apocynum cannabinum and 

Ascelpias syriaca averaging 83.3 and 18.1 meters, respectively. Species with an achene or 

pappus, including A. acuminatus (5.08 m), Cirsium vulgare (11.6 m), Eupatorium rugosum (7.1 

m), and Tragopogon porrifolius (6.9 m) reached shorter distances. Two herbaceous species with 

seeds described as fruits, Clematis virginiana and Rumex obtuisfolia, dispersed only 3.2 and 2.5 
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meters, respectively. The only species containing seeds in a pod, Trifolium arvense, averaged 

less than one meter. 

The limiting effects of local conditions in the role of wind dispersal were established by 

McEvoy and Cox (1987). Of approximately 53,000 achenes of Senecio jacobaea, 1% traveled 

only 1 meter, 89% reached 5 meters or less, and none were collected greater than 14 meters from 

parent plants. These short dispersal distances were attributed to local conditions such as 

humidity, wind, and the structure of surrounding vegetation. In eastern mixed-hardwood forests, 

wind-dispersed seeds such as A. divaricatus, A. acuminatus, Solidago spp., and Eupatorium 

rugosum migrated slowly due to low wind speeds and the lack of open habitat (Matlack 1994). 

Dispersal of tree seeds in temperate forest ecosystems commonly reveals a pattern of 

seedfall decreasing exponentially from the middle of the stand to the forest edge (Dobbs 1976, 

Hughes and Fahey 1988, Noble and Ronco 1978). Greene and Johnson (1995) determined 

maximum dispersal of paper birch, red maple, red pine, white pine, and white spruce seeds from 

forests into clearings reached a maximum of 475 meters. In cedar-hemlock forests, mean 

dispersion distances for hemlock (13.2 m) and red cedar (13.1 m) were lower than trembling 

aspen (22m) and spruce [23.8 m] (LePage et al. 2000). 

Guires and Nordheim (1984) determined substantial dispersal distances for Acer samaras 

could be accomplished under light wind conditions and release from relatively low heights. Key 

factors involved in the dispersal were the distance of the initial fall prior to the samara entering 

autorotation and the terminal velocity of the samara during autorotation. Estimates of dispersal 

distances derived from empirical field data suggested an A. rubrum samara released 26 meters 

above ground had the potential to disperse 66, 330, and 660 meters when the wind velocity is 2, 

10, and 20 mls, respectively. 
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The difference in terminal velocity between rolling Fraxinus samaras and non-rolling 

Acer samaras results in distinctive patterns of wind dispersal (Green 1980). Non-rolling samaras 

with lower terminal velocity result in saturation over a larger area than rolling samaras under any 

given set of wind conditions. For example, anA. saccharum samara released at 15m and 

exposed to maximum wind speeds of 24 km is likely to disperse samaras over an area 100 m in 

radius. Under the same conditions, A. rubrum, a samara with a lower terminal velocity has a 

dispersal radius of up to 160 m. 

Self-Dispersal 

Self-dispersal, also described as ballistic dispersal, results from the forcible ejection of 

seed from a plant (Stamp and Lucas 1983). Self-dispersing seeds were divided into three 

categories by van der Pijl (1972): 1) active, by tension in dead, hygroscopic tissues, 2) active, by 

tension in living tissues, and 3) passive, by movement of a stimulus such as an animal, wind, or 

rain. The distance traveled by seed released from an active ballist is influenced by the angle and 

the height above the ground from which the seed is projected, air resistance determined by seed 

shape and mass, and total energy released through dehiscence and imparted to the seed (Beer and 

Swaine 1977). Taxa noted as self-dispersers by van der Pijl (1972) include Claytonia, Geranium, 

Lycopodium, Oxalis, Pilea, Polygonum virginianum, Prunella, Scultellaria, and Viola. 

Around a single Viola papiolionacea plant, distribution of ballistically dispersed seeds 

ranged from less than 0.5 meters to 4.5 meters. Two peaks in the distribution of seeds were 

observed approximately 1.5 and 3 meters from the plant (Beattie and Lyons 1975). In an 

unrelated greenhouse experiment, the ballistic dispersal distance of seeds from three different 

Viola species averaged 1.2 meters. However, under greenhouse conditions, ballistic dispersal 

distances may be greater due to the lack of surrounding foliage to restrict the flight of seeds 

(Culver and Beattie 1978). In a controlled experiment assessing ballistic dispersal, 6% of seeds 
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traveled 0-1 meters, 66% of Geranium macula tum seeds traveled 1-5 meters, and 28% of seeds 

averaged 5-9 meters (Martin 1965). Stamp and Lucas (1983) observed that seeds of three 

different Geranium species threw their seeds two to 14 times further than species of Impatiens, 

Phlox, and Viola. G. maculatum, G. carolinianum, and G. molle dispersed distances of 1.8-3.0 

meters whereas species of Impatiens, Phlox, and Viola ranged from only 0.2-0.8 meters. 

Conclusion 

The age, density, and composition of the overstory are important factors influencing 

understory composition. Although little direct evidence exists, the intermediate layer also 

appears to have adverse effects on understory composition. Competition for belowground 

resources between the understory and other layers of vegetation is indicated by changes in the 

abundance, richness, and diversity of understory plants. Numerous studies indicate herbivory has 

become a dominant factor influencing understory richness and diversity in forests of The Lakes 

States over the last century. Finally, ants, birds, and mammals are significant seed dispersers in 

forests, with wind and self-dispersal also playing an important role. 

Seed Banks 

Baskin and Baskin (1998) identify a seed bank as a reserve of viable, ungerminated seeds 

in a habitat. Seed banks function in maintaining species and genetic diversity and allowing 

particular species to persist through disturbance or adverse conditions (Simpson 1995). In 

forested ecosystems, it is well documented that seed banks are critical in regeneration and 

recovery following a disturbance (Leckie et al. 2000). Buried seed composes much of the seed 

bank, but it can also be located on the soil surface and in litter, duff, or humus (Baskin and Baskin 

1998). 
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Persistent and Transient Seed Banks 

Two types of seed banks occur in a forested ecosystem. The persistent seed bank consists 

of seeds that may germinate or remain dormant, with a reserve of viable seeds persisting 

ungerminated in the seed bank. In short-term persistent seed banks, seeds may remain dormant 

for at least one year but less than five years, whereas those in a long-term persistent seed bank 

remain for at least five years. The transient seed bank involves recently dispersed seeds capable 

of germinating during the upcoming autumn or spring. Seeds may also be non-dormant following 

dispersal, remaining in the transient seed bank for only days or weeks (Baskin and Baskin 1998). 

Characteristics of Seeds in Seed Banks 

The dormancy of buried seeds may initially be primary (inherent) in a newly deposited 

seed or secondary meaning that it is imposed following storage (Baskin and Baskin 1995). Seed 

dormancy is likely to be removed by a combination of factors, with requirements often changing 

with soil depth. Factors include photoperiod, intensity, and spectral quality of radiation, 

appropriate chilling followed by favorable temperatures, availability of water and oxygen, release 

from chemical inhibitors, and proper pH (Baker 1995). 

Small, compact seeds with smooth seed coats have the highest probability of being found 

in the persistent seed bank. Bekker et al. (1998) indicate seeds weighing less than 3 mg most 

often contribute to the persistent seed bank whereas those greater than 3 mg are short-lived. Due 

to size, processes such as adhesion and predation are less likely for small seeds. Large seeds 

containing any projection from the seed such as a hook, awn, spine, or a large surface to volume 

ratio are less likely to persist in seed banks (Baskin and Baskin 1998, Bekker et al. 1998). 

Seed Bank Densities 

In a review of 70 seed bank studies (Baskin and Baskin 1998), common density ranged 

from zero to nine in subarctic forests to 1935-24,313 m2 in an arable pasture in England. Half of 
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the densities examined ranged from one to 1000 seeds/m2 and only seven studies surpassed 

10,000 seeds/m2 • Arable fields and pastures generally contained the greatest amount of persistent 

seeds followed by temperate grasslands and prairies, arctic and boreal subalpine communities, 

and coniferous and deciduous forests. Thompson (1978) stated that seed bank density has an 

inverse relationship with altitude, latitude, and successional age. Almost all studies report mean 

seed bank densities per square meter thus single numbers represent the average unless otherwise 

noted. 

Few studies have reported seed bank densities within white pine forests of the Great 

Lakes Region. A number of related ecosystems provide relevant comparisons. In Maine, 

Olmsted and Curtis (1947) found 161 seeds/m2 in P. strobus forests. Silvertown (1982) reported 

seed densities of 206 seeds/m2 in the coniferous forests of Canada. Moore and W ein ( 1977) 

determined seed densities in Betula-Fagus-Acer-Abies forests of Canada (1230 to 3400 seeds/m2) 

were much greater than those found in Picea-Pinus forests (180-580 seeds/m2). 

Fyles (1989) documented seed bank densities of 500-2600 seeds/m2 , dominated by Carex 

spp., Salix spp., B. papyrifera, and R. idaeus, in upland coniferous forests in central Alberta. A 

range of392-1200 seeds/m2 was found in a stand containing a 75 year upland pine-hardwood 

succession in northern Michigan with Rubus spp. as a strong component (Scheiner 1988). Carex 

spp., other graminoids, and several annual species accounted for the majority of germinants. 

Abrams and Dickmann (1984) observed densities ranging from 37-1202 seeds/m2 in the seed 

bank of a jack pine sere also located in northern Michigan, with Rubus spp. dominating. In a 

northern Saskatchewan mixed-forest consisting of white spruce, trembling aspen, and paper birch, 

the seed bank contained 456 germinants/m2• Carex, C. canadensis, Rubus spp., and woody 

seedlings were the most abundant germinants (Archibald 1979). 
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In a Canadian study, the seed bank of an old-growth, temperate deciduous forest had a 

median density of 1218 seeds/m2 (Leckie et al. 2000). The most common emergents were Carex 

spp., D. lonicera, E. rugosum, and Rubus spp. Leckie et al. (2000) found seeds of vernal species 

regularly absent from seed bank samples although plots were located in areas where vernal 

species were abundant. Leckie et al. (2000) suggest that seed banking is not as important for 

vernal species because they achieve success through asexual reproduction. 

Hyatt and Casper (2000) also found that R. alleghaniensis dominated the seed bank of a 

temperate deciduous forest in southeastern Pennsylvania. Moore and Wein (1977) determined 

that Rubus comprised over 90% of viable seed per square meter in both deciduous and conifer

dominated forests of New Brunswick. Hyatt and Casper (2000) suggested Rubus seeds require a 

long cold stratification period for germination and are not dependent on radiation conditions. 

Furthermore, Rubus seeds have also been known to remain viable under laboratory conditions for 

at least 25 years (Hyatt and Casper 2000). 

Stand age had a highly variable effect on seed bank densities, as demonstrated by 

Marquis (1975). The two oldest stands (70 and 100 plus years) contained the lowest density of 

seeds (4 and 3 seeds/m2, respectively), followed by two mid-aged stands (53 and 65 years) [12 

seeds/m2], and the youngest stand (35 years) [16 seeds/m2]. Pyles' (1989) results from upland 

coniferous forests were more variable. Young coniferous forests (45 years) contained 1030 

seeds/m2 whereas mid-aged forests (80 and 85 years, respectively) had 505 and 2650 seeds/m2, 

respectively, and old-growth (145 years) contained 1010 seeds/m2• Olmsted and Curtis (1947) 

also found extreme variation, with old-growth hardwood forests averaging 91 (110 years) and 11 

seeds/m2 (150 years) and mid-aged forests (50) averaging 38 seeds/m2• 
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Conclusion 

Seed banks in forested ecosystems are critical for regeneration following disturbance and 

the maintenance of genetic diversity. Based on estimates found in comparable coniferous, 

hardwood, and mixed forests, a reasonable estimate for the seed bank in our study site is 200-

1200 seeds per square meter. The content is likely to be dominated by early successional, 

colonizing species such as Carex and Rubus, with native forb and tree seeds as infrequent 

components. Stand age has a relatively unpredictable effect, making it an unreliable approach for 

estimating seed bank densities. 

Diversity and Spatial Scale 

Ecologists commonly use three spatial scales to measure diversity: alpha, beta, and 

gamma diversity. Alpha diversity describes the number of species within a small area of 

relatively uniform habitat. Beta diversity measures the difference in the number of species from 

one habitat to the next. Gamma, or regional, diversity is the total number of species observed 

within all habitats of a particular region (Ricklefs 1993). Historically, ecologists have recognized 

that richness and diversity of understory plants increases as larger areas are sampled (Rozenweig 

1995). This is often represented as a species-area curve and was defined by Palmer (1995) as a 

"plot of the cumulative number of species encountered as a function of the cumulative area 

sampled." 

Roberts and Gilliam (1995) identified diversity at three different scales: patch, stand, and 

landscape. A patch is relatively small in size, uniformly disturbed, and experiences similar 

dynamics. Site, compositional, or structural differences may distinguish a patch from the rest of a 

stand. A stand is characterized by a group of trees and related vegetation growing under similar 

conditions. A group of patches may compose a stand, but must adequately display similarities to 

form a homogeneous unit. A landscape is described as an area spanning at least several 
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kilometers, containing a "recognizable and repeated cluster of ecosystems and disturbance 

regimes" (Forman and Godron 1981). 

Regional processes involve a collection of landscapes whereas local processes refer to a 

given patch (McLaughlin and Roughgarden 1993). At the regional level, influences such as 

disturbance, climatic conditions, latitude, topographical features, and soil chemical and physical 

characteristics affect understory dynamics (Kimmins 1997). Local richness and diversity are 

determined by factors such as competition, predation, mutualism, small-scale disturbance, life 

history traits, and dispersal (Caswell and Cohen 1993). 

Richness and Diversity in Relation to Spatial Scale 

Several studies provide evidence of declining abundance, richness, and diversity as 

spatial scale decreases. Frelich et al. (2003) documented a richness of 59 species across two 

macroplots (0.8 ha each) and 10 in subplots (1.8 m2) located in the Great Lakes pine-hardwood 

forest. Gilliam et al. (1995) examined richness and diversity at the stand (28 ha) and quadrat (1 

m2) levels in an eastern montane hardwood forest. Herbaceous richness ranged from 40-64 at the 

stand level and 12-15 at the quadrat level. Stand level diversity ranged from 1.2-1.9. Holland 

(1978) assessed richness at the stand and quadrat level in a mature deciduous forest in Quebec. 

Stand I (1.75 ha) and Stand II (1.05 ha) contained 95 and 60 species, respectively, with little 

change over a four year period. Species density in one square meter quadrats averaged 11 in 

Stand I and 8 in Stand II over the same four year period. Hutchinson et al. (1999) characterized 

understory richness at several spatial scales in second-growth Ohio mixed-oak forests. In forests 

ranging in size from 75-110 ha, 25m2 plots averaged 65 species and ranged from 23-106; 

however, in two square meter plots, species density ranged from 6 to 30 and averaged 17. 
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Richness and Diversity at the Stand Level 

In the Great Lakes Region, several studies provide estimates of understory richness at the 

forest level. Mean richness in mature hardwood forests in northern Wisconsin averaged 51 

(Brosofske et al. 2001) and 55 in old-growth northern hardwood forests in Michigan's Upper 

Peninsula (Crow et al. 2002). Metzger and Schultz (1984) found a mean richness of 42 in a 

mature northern hardwood forest in Upper Michigan dominated by sugar maple. Richness in a 

northern hardwood forest in the Sylvania Wilderness Area averaged 38 in areas with high maple 

seedling density and 48 in stands with low maple seedling density (Miller et al. 2002). In 

fragments of old growth forests across the Great Lakes Region with sugar maple as a dominant 

component, Rogers (1981) observed a richness of 49. In red pine plantations, Henning and 

Dickmann (1996) found a lower richness (22) in northern Lower Michigan than Brosofske et al. 

(2001) in northern Wisconsin (27). 

Diversity of several different forest types was also documented by Brosofske et al. 

(2001). Diversity (Shannon-Wiener Index) was highest in young hardwood (1.89) and mature 

hardwood (1.80) forests, followed by young mixed pine (1.77), and red pine plantations (1.68). 

Richness and diversity values for spring ephemerals are slightly lower within temperate 

forest ecosystems. Metzger and Schultz ( 1981) detected an average of 30 spring ephemerals 

throughout four northern hardwood stands. In Ohio mixed-oak forests, Goebel et al. (1999) 

documented an average richness and diversity (Shannon-Wiener Index) of 16 and 2.30 

respectively, during late spring. Rogers (1982) found an average of 12 "true" spring ephemerals 

and 48 total species present throughout hardwood stands in the Great Lakes Region. Meier et al. 

(1995) observed an average of 32 spring ephemerals in primary hardwood forests in North 

Carolina. 
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Conclusion 

Richness at the stand level in white pine ecosystems is likely to range between 22 and 55 

as demonstrated for comparable forested stands in The Lakes States. Spring ephemeral richness 

resulted in much lower values, ranging between 10 and 16. As the spatial scale of investigation 

decreases, diversity and richness decline, but not at a constant rate. Futhermore, the rate of 

decline may be forest type or landscape specific. 

Conclusion 

The understory composition in temperate forests is influenced by a combination of biotic 

and abiotic factors. Both man-made and natural disturbances alter the understory composition of 

a forest. The quantity and quality of radiation reaching herbaceous plants appear to be important 

factors affecting understory species. Other abiotic factors representing forest floor heterogeneity, 

such as coarse woody detritus, pit and mound sites, varying quantities of litter, and boulders, 

create microsites that promote richness and diversity. Several biotic factors, including overstory 

composition, intermediate vegetation, and competition for belowground resources, also directly 

influence understory species. Herbivory of forest herbs by white-tail deer is extirpating some 

species and changing the abundance of others. Composition of the seed bank and seed dispersal 

mechanisms are especially important factors in recently disturbed forests. Finally, an 

understanding of richness and diversity at varying spatial scales is probably necessary to 

understand the dynamics of individual stands. 
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METHODS 

Physical Characteristics 

Evidence indicates that a glacier advanced across the Menominee Reservation in a 

southwesterly direction about 15,000 years ago. The glacier brought rocks from Canada, the 

northern peninsula of Michigan, and northeastern Wisconsin, and mixed them with local granitic 

material to create moraines. A neutral to calcareous reddish-brown till was deposited by the 

glacier in the east and an acid, brown till in the west. Several meters of coarse, wind-blown silt 

created surficial deposits in western portions of the Reservation (Hanson and Hole 1967). 

The dominant soils on treatment units are Keenan bouldery fine sandy loam and 

Rousseau loamy fine sand. The Keenan series is mostly level and gently sloping with a 5 em 

black, sandy loam surface layer, a 36 em thick, friable, fine sandy loam, and a dark brown, friable 

subsoil extending as far as 152 em. A 31 em loamy fine sand surface layer, 53 em sand subsoil, 

and up to 152 em loose fine sand describe the Rousseau series (Gundlach et al. 1981). In 

addition, large boulders inhabit several units within our study site, primarily treatment units 2, 9, 

10, 11 and 16 (B. Galbraith, personal observation). 

Climate 

The Menominee Reservation experiences cold winters and warm summers. Average 

winter temperature is -8° Celsius and the average daily minimum temperature is -14°C. The 

lowest temperature recorded was -39° Con February 11, 1899. In summer, the average 

temperature is 20° Celsius and the average daily maximum temperature is 26° Celsius. The 

highest temperature recorded was 43°C on July 12, 1936 (Illinois State University and National 

Climatic Data Center 2002). 
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Precipitation is well distributed throughout the year, reaching its peak during the summer 

months. Precipitation averages 80 em annually (Illinois State University and National Climatic 

Data Center 2002), with 43 em falling during the growing season (Hanson and Hole 1967). Snow 

covers the ground approximately 110 days each year, from early fall through late spring. 

Thickness of snow and sleet totals 119 em annually (Hanson and Hole 1967). 

Study Site 

Disturbances such as natural fire, prescribed fire, and catastrophic windthrow have been 

absent from study sites for at least 150 years (Pubanz, personal communication 2002). There is 

no evidence of clear cutting or cultivation. However, disturbances created by silvicultural 

treatments have occurred on the study sites. For management purposes, Menominee Tribal 

Enterprise Foresters have designated contiguous stands as "Compartments" based on access, 

proximity, and composition. Compartment 219 and Compartment 344, located approximately 9.5 

kilometers apart, contain stands used for the study (Figure 1 ). 

On the Menominee Reservation use of a modified shelterwood system is standard in 

white pine ecosystems. Following extensive research by State and Tribal Foresters, it was 

determined that a shelterwood system would contain three essential components: scarification of 

the seedbed, manipulation of the overstory canopy, and control of hardwood saplings. Site 

preparation consists of understory vegetation removal through commercial harvest or herbicide 

application, as necessary. Scarification is also performed during this stage using mechanical 

equipment. Through commercial harvest, the overstory canopy is reduced to between 70-80% by 

thinning from below and discriminating against hardwoods (Heckman 1992). 
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Figure 1. Location of the Menominee Reservation in Northeast Wisconsin and white pine stands used for study sites. 
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Following subsequent cuttings in 1989 and 1993, Compartment 219 was reduced from a 

basal area of 14 square meters to 9 square meters resulting in a residual overstory crown closure 

of slightly greater than 50%. Similarly, Compartment 344 decreased from 16 square meters to 11 

square meters and approximately 78% of residual crown closure in 1992. No site preparation was 

completed on Compartment 344 but Compartment 219 received an herbicide treatment to control 

the hardwood understory and mechanical scarification (Pubanz, personal communication 2002). 

Stands are located on the closely related Acer-Tsuga/Maianthemum (ATM) and Acer

Fagus/Dryopteris (AFD) habitat types. The AFD habitat type typically includes F. grandifolia, 

Q. rubra, A. saccharum, A. rub rum, T. canadensis, and F. americana, as common woody 

understory species. D. spinulosa, M canadense, P. pubescens, and T. borealis are prevalent 

understory species. Dominant shrubs include S. pubens and H. virginiana. Numerous grasses 

and sedges also comprise a large component of understory vegetation (Kotar et al. 1988). 

In the Acer-Tsuga/Maianthemum (ATM) habitat type, A. saccharum, A. balsamea, A. 

rubrum, Q. rubra, F. americana, B. alleghaniensis, T. americana, and T. canadensis dominate the 

woody understory. Common herbaceous species include M canadense, Aralia nudicaulis, T. 

borealis, and D. spinulosa. L. canadensis and Amelanchier spp. are prominent shrubs found 

within the ATM habitat type. Grasses and sedges also cover a large amount of the understory 

(Kotar et al. 1988). 

Treatment Unit Layout and Design 

Treatment Unit Layout 

Fifteen 0.81 hectare (2 acre) treatment units were established within the two 

compartments. Within Compartment 219, seven treatment units were located within one stand. 

Two treatment units were located less than 1 km from an additional six treatment units within 

Compartment 344. A 20 m buffer separated adjacent treatment units within stands. Although 
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various "treatments" were not performed on study units during the period of time that data were 

collected for this project, treatments were performed in subsequent years. 

Data were collected along four lines systematically arranged across each treatment unit 

and separated by 15.2 meters. Along each line, four permanent sampling points were located at 

15.2 m intervals. A metal post was driven in the ground at each of the permanent sampling 

points. This resulted in a total of 16 permanent posts per treatment unit and 240 permanent 

sampling posts across all treatment units. 

Overstory and Intermediate Vegetation 

All P. strobus and P.resinosa in the overstory were inventoried in each of the fifteen, 

0.81 ha treatment units during the summers of 2001 and 2002. Intermediate vegetation was 

inventoried within 108, 407 m2 subplots (one-tenth acre) throughout the same time period. 

Measurements took place at eight alternating posts within seven treatment units in Compartment 

219 and one treatment unit in Compartment 344. Intermediate vegetation was inventoried at four 

permanent points in the other seven treatment units in Compartment 344. See Table 1 for 

detailed information on overstory and intermediate measurements. 

Coarse Woody Detritus (CWD) 

During the summer of2001, a 15.24 m (50ft) transect was used to survey coarse woody 

detritus at 12 permanent sampling points throughout each of seven treatment units located in 

Compartment 219. A remaining eight treatment units, located in Compartment 344, were each 

surveyed at six permanent sample points. The center point of the 407m2 subplots (one-tenth 

acre) sub-plot served as the origin of the transect. One hundred and twenty-six permanent coarse 

woody detritus transects were sampled throughout the stands. In 2002, a sub-sample of the 

locations was resurveyed at eight posts within each unit in Compartment 219 and one treatment 
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unit in Compartment 344. Sixty-four permanent coarse woody detritus transects were sampled in 

2002. 

Shrubs 

A 7.62 m (25-foot) section of the same transect originating from the permanent posts was 

used to assess shrub cover at 12 permanent sampling points within each unit in Compartment 219. 

In addition, four treatment units within Compartment 344 were inventoried along six 

transects. This resulted in a total of 108 shrub transects. Refer to Table 1 for additional 

information regarding coarse woody detritus and shrub transects. 

Understory Vegetation 

Numerous studies rely on transects with a limited number of quadrats or a single transect 

along which plant occurrences are recorded. In mature P. resinosa stands, Henning and 

Dickmann (1996) studied only ten, 1m2 quadrats located randomly along transects, in plots 

varying in size from 0.86 to 1.0 ha. In a study by Overlease and Overlease (1976), frequency 

varied greatly, ranging from 50 to 2400 occurrences on a 152m transect within several different 

forested stands in the Great Lakes Region. In contrast, this study used an intensive sampling 

scheme, with numerous fixed points throughout treatment units, thus providing uniform coverage. 

To obtain a representative sample of the understory composition within each stand, one 

square meter quadrats were established. Sampling intensity was supported by previous work 

based on species area curves in similar Wisconsin habitat types. Sweeney (1996) determined that 

a minimum sampling intensity of two or three random 7.62 m transects, each containing six 

random, 1 m2 quadrats, provided an accurate estimate of the species density of common species. 

Stands used in Sweeney's (1996) study were at least 8 ha. 
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Table 1. Protocol for the sampling of vegetation, woody fuels, litter and duff, the seed bank, and pH throughout treatment 
units (n/a = not applicable). 

#of sample unit treatment units posts sampled date sampled 
samples 

overstory tree tagging 15 units 0.81 ha plot units 1-7, 9-16 n/a summer 2001 
(all eastern white pine summer2002 
> 8" (20.3 em) dbh 

intermediate vegetation 92 one-tenth acre (404. 7 units 1-7, 12 posts 1, 3, 6, 8, 9, 11, 14, 16 summer2001 
[> 1.37 m tall but less m2) sub-plot units 13, 14, 16 posts 1, 8, 9, 16 
than 8" dbh (20.3 em)] 16 units 9-11, 15 posts 1, 8, 9, 16 summer2002 
Coarse woody detritus 126 50 foot transect units 1-7 posts 1-4, 5, 7, 10, 12, 13-16 summer2001 

(15.24 m) units 9-11, 12-14, 16 posts 1, 2, 7, 12, 13, 16 
units 1-7, 15 jJOStS 2, 4, 5, 7, 10, 12, 13, 15 summer 2002 

shrub cover 108 25 foot (7 .62 m) units 1-7 posts 1-4, 5, 7, 10, 12, 13-16 summer 2001 
transect units 12, 13, 14, 16 posts 1, 2, 7, 12, 13, 16 

late-summer 176 10.8 ft~(lm ~) units 1-7, 12-14, 16 posts 2, 4, 5, 7, 10, 12, 13, 15 summer 2001 
herbaceous sampling 234 quadrat units 1-7, 16 posts 1, 3, 6, 8, 9, 11, 14, 16 summer2002 

units 9-11, 15 posts 1, 2, 7, 8, 9, 12, 13, 16 
units 12-14 posts 1, 2, 7, 8, 9, 13, 16 

*2 sample locations/post 
late spring herbaceous 176 10.8 ftL(1m L) units 1-7, 12, 13, 15, 16 posts 2, 4, 5, 7, 10, 12, 13, 15 late spring 2002 
sampling quadrat *2 sample locations/post 
woody seedling 176 10.8 :tY (1m 2) units 1-7, 12-14, 16 posts 2, 4, 5, 7, 10, 12, 13, 15 summer2001 
regeneration quadrat units 1-7, 16 posts 1, 3, 6, 8, 9, 11, 14, 16 summer2002 

234 units 9-11, 15 posts 1, 2, 7, 8, 9, 12, 13, 16 
units 12-14 posts 1, 2, 7, 8, 9, 13, 16 late spring 2002 

176 units 1-7, 12, 13, 15, 16 posts 2, 4, 5, 7, 10, 12, 13, 15 
*2 sample locations/post 

litter and duff 216 1 ftL (.09 m~) quadrat units 1-7 posts 1-4, 5, 7, 10, 12, 13-16 summer2001 
units 12-14, 16 posts 1, 2, 7, 12, 13, 16 

64 units 1-7, 16 posts 2, 4, 5, 7, 10, 12, 13, 15 summer2002 

seed bank composition 192 7.5 x 21 centimeter units 1, 3, 4, 6, 13, 14 posts 1-16 summer2001 
soil cores *2 locations/post 

pH 188 25 grams units 1, 3, 4, 6, 13, 14 posts 1-16 summer2001 
*2 sample locations/post 
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--------- ------- ----

During the summer of 2001, cover was estimated within 17 6 quadrats. Cover was based 

on classes of0-5, 6-10, 11-20,21-30, 31-40,41-50, 51-60, 61-70, 71-80, 81-90, and 91-100%. 

All herbaceous species visible on the forest floor before canopy closure, regardless of the 

presence or absence of flowering parts, were included in the assessment of understory cover 

(Meier et al. 1995). Quadrats were positioned approximately one meter north and south of the 

metal post. These quadrats were combined to generate species density (2 m2). Diversity was 

defined as the number of unique species inhabiting a treatment unit or paired quadrat. 

Cover was measured at 16 permanent quadrats within each treatment unit on 

Compartment 219 and in four of the treatment units within Compartment 344. The following 

summer, cover was assessed at 16 quadrats in seven treatment units on Compartment 219 and five 

treatment units on Compartment 344. In the remaining treatment units within Compartment 344, 

cover was estimated at 14 quadrats. During 2002, a total of 234 quadrats were assessed for 

herbaceous cover. Similarly, in late spring 2002, herbaceous cover was evaluated within one 

hundred seventy-six 1 m2 quadrats. Cover was measured at 16 permanent sampling points within 

each treatment unit on Compartment 219 and within four treatment units within Compartment 

344. Herbaceous cover data collection is further detailed in Table 1. Seedling regeneration was 

measured concurrently in quadrats as noted above for late season and spring herbaceous cover 

(see Table 1). 

Litter and Duff 

Duff depth was measured and litter samples were collected at 216, 0.09 m2 (1 ft2) 

locations during the summer of 2001. Two litter samples were collected approximately 0.3 

meters north and south of each permanent sampling post. Within Compartment 219, duff depth 

was measured and litter samples were collected at 24 locations within each of seven treatment 

units. Within Compartment 344, samples were taken at twelve locations, in four treatment units. 
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During the summer of 2002, only 64 litter samples were collected to measure any change 

that may have occurred following an ice storm. All seven treatment units in Compartment 219 

and one treatment unit in Compartment 344 were used. Litter and duff were assessed at eight 

permanent sample points per unit following the same protocol as in 2001. Table 1 provides 

additional information regarding litter and duff measurements. 

Seed Bank 

Thirty-two seed bank samples were collected from each of four treatment units within 

Compartment 219 and from two treatment units within Compartment 344 during the summer of 

2001. Two samples were obtained at all 16 posts within treatment units, using a random azimuth 

and distance, between 1 and 5 m, from the post. A standard soil sample 7.5 em wide and 21 em 

in depth was used (Pratt et al. 1984, Whittle et al. 1998, Leckie et al. 2000) to collect a total of 

one hundred and ninety-two seed bank samples. 

Sample size was based on total area 0.81 ha of the treatment unit. The samples were 

located in reference to the 16 posts that form a uniform grid across the treatment unit. In contrast, 

the commonly used technique of samples collected from locations based on random transects 

throughout a forested stand (Pratt et al. 1984, Whittle et al. 1998, Leckie et al. 2000) provides 

uneven coverage and little opportunity for the discovery of rare or uncommon species. Table 1 

details seed bank sampling. 

Soil pH 

A 25 gram sample of each seed bank sample was used to test for soil pH. Several entire 

seed bank samples were used in an unrelated test, leaving a total of 183 pH samples tested. Refer 

to Table 1 for information relating to pH sampling. 
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Field Measurements 

Vegetation 

Overstory 

A complete census of all EWP greater than 20.3 em dbh was taken in each treatment unit. 

Each tree was tagged and assigned a unique number at the beginning of the study. 

Characteristics such as bark thickness, diameter at breast height (dbh), and height to base oflive 

crown were recorded. Bark thickness was determined at two heights, 30.5 em and 137.2 em 

above groundline. 

Intermediate Vegetation 

The intermediate layer included all woody vegetation with an upright, tree-like form 

(1.37 m tall but less than 20.3 em dbh). Species were tallied by 2.5 em (one inch) diameter 

classes. For pine, all stems greater than or equal to 1.3 em were included. 

Coarse Woody Detritus and Shrubs 

The planar intersect technique was used to sample the 1-hour (0-0.64 em), 10-hour (0.64-

2.54cm), 100-hour (2.54-7.62 em), and 1000-hour {> 7.62 em) coarse woody detritus (Brown et 

al. 1982). The transect was also used for a line intercept sample of shrub cover. 

Understory Vegetation 

Understory cover, defined as all vascular plants <1.37 m tall, was visually estimated. 

Nomenclature followed Gleason and Cronquist (1991). It should be noted that not all plant taxa 

were identified to species level (e.g., Carex spp., Rubus spp., etc.) as there were instances where 

the plant was immature or fruiting bodies and/or flowers were not present. Following 

identification, herbaceous species were grouped according to their life history strategy including 

early successional, forest herb, weed (non-native), grass, or sedge (Metzger and Schultz 1984). A 
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seedling count of trees under 1.27 em dbh and percentage of rock, coarse woody detritus, moss, 

and bare mineral soil were also recorded. 

Litter Depth 

Prior to collection of the litter sample, a measurement oflitter depth within each 0.09 m2 

area was taken. Each litter sample was labeled, placed in a small, brown paper bag, and 

transported to cold storage until drying. 

Seed Bank 

The seed bank samples were placed in sealed plastic bags, transported to a refrigeration 

unit, and stored at 4.5° Celsius for 20 weeks. A small sub-sample of each seed bank sample was 

used to test soil pH. 

Lab/Controlled Environment 

Seed Bank 

To assess the density and species composition of the seed bank, the germination method 

was used (Marquis 1975, Granstrom 1981, Schiffman and Johnson 1992, Whittle et al. 1998). By 

providing conditions conducive to germination, seeds buried in the samples were stimulated to 

germinate. 

Seed bank samples were randomly divided into two groups. Three-fourths of all seed 

bank samples (144 samples) were designated for greenhouse germination and one-fourth (48 

samples) were assigned to growth chamber germination to provide a consistent light regime. Half 

of each of the seed bank samples was planted in a 2700 cubic centimeter plastic tray. The sample 

was spread over a 1350 cubic centimeter mix of sterilized potting soil and sand (3: 1 ratio). 

The greenhouse portion of the samples were placed in the University of Wisconsin

Stevens Point greenhouse, located atop the College ofNatural Resources building. Samples were 

placed in a room with temperatures ranging from 12 to 31 o Celsius (J.Hardy, Personal 
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Communication 2002) and watered as often as necessary to keep soil moist. Light levels 

fluctuated widely throughout the germination period with overcast days experiencing light levels 

varying from 100 -210 f.!mol m-2 s-' and sunny days ranging from 210-1000 f.!mol m-2 s-1 (B. 

Galbraith, unpublished data). The samples remained in the greenhouse and growth chamber for 

approximately four months. 

A sub-sample of seed bank samples was germinated in a standard growth chamber. 

Temperatures were adjusted to 6.7° Celsius during 12 nighttime hours and 17.8° Celsius during 

12 daytime hours, temperatures necessary to induce germination of spring ephemerals (Godman 

and Mattson no date). Samples were watered as often as necessary to retain soil moisture. 

Four trays containing only sterilized soil were placed randomly in the greenhouse to 

detect any contamination of soil in the greenhouse environment. Seedlings were identified to 

species as they emerged, recorded, and removed. 

Litter 

Litter samples were dried in a forced air oven with temperatures ranging from 60-65 

degrees Celsius. Samples were dried as long as necessary to reach a constant weight. 

Soil pH 

To obtain pH values, a 25 gram soil sample was acquired from the remaining half of seed 

bank samples. Soil was mixed with 25 ml of distilled water, creating a 1: 1 solution. Values were 

recorded following calibration of a digital pH meter (Thermo Orion ALKO Automation Systems, 

Beverly, Massachusetts) using 4.0 and 7.0 pH buffering solutions. 

Statistical Analysis 

A basic assessment of understory cover, richness, and diversity was completed for three 

time periods (late season 2001, spring 2002, and late season 2002) utilizing two different spatial 

scales (treatment unit and paired quadrat levels). A paired quadrat consisted of combined data 
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from the two quadrats centered one meter north and south of each permanent sampling point. 

The Shannon-Wiener Index was used to measure understory plant diversity. 

Jaccard's Similarity Index 

Jaccard's Similarity Index was used for two different purposes: 1) test the similarity of 

understory vegetation from the same treatment unit within a time period and among treatment 

units and 2) examine the relationship between above and belowground composition at both the 

treatment unit and paired quadrat levels. Similarity indexes were calculated based on species 

recorded during seed bank composition studies and late season 2001, spring 2002, and late season 

2002 herbaceous cover sampling (Dixon 1993). 

Multiple Regression 

Using stepwise forward multiple regression, the relationship between cover, richness, or 

diversity during late season 2001, spring 2002, and late season 2002, and suitable independent 

variables were examined at the treatment unit and paired quadrat levels. Models were developed 

based on spatial congruence of the data. To address autocorrelation among potential predictor 

variables, pairs of variables with a correlation coefficient greater than 0. 70 led to the elimination 

of one variable. Finally, upon examination of the output from regression models, data points 

contributing to outliers, large leverages, and strong influences were deleted in some instances 

(Zar 1984). Following the review of data distributions, it was necessary to transform some 

response variables. Very little difference was noted between the mean and median values; 

therefore, mean will be used to represent central tendency. 

Independent variables tested were shrub cover, overstory density, late season 2001 

seedling density, intermediate density, litter depth, quantity of 100-hour coarse woody detritus, 

quantity of 1 000-hour coarse woody detritus, and total coarse woody detritus volume. At the 
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paired quadrat level, additional independent variables included seed bank richness, seed bank 

diversity, and pH. 

Canonical Correspondence Analysis 

Canonical Correspondence Analysis (CCA) was used to assess the dominant relationships 

between plant species, or groups of species, and environmental variables. Species scores for each 

model were derived from late season 2001, spring 2002, and late season 2002 cover data. 

Environmental variables for the late season 2001 model included seed bank diversity, pH, litter 

depth, and late season 2001 seedling density. The spring 2002 model contained identical 

environmental variables but also included spring 2002 seedling density and spring 2002 seedling 

density over one meter. Due to problems with spatial congruity of data points, the minimum 

three variables were not available for late season 2002; therefore, CCA could not be performed 

for this time period. 

The proportion of variance accounted for by the correlation between species scores and 

environmental variables were generated through eigenvalues. The percent variance explained by 

axes scores and cumulative variance explained were also represented. Triplots were constructed 

to detect the importance of environmental variables, the correlation between environmental 

variables and species composition, the environmental characteristics of paired quadrats, and the 

environmental preferences of species (Palmer 1993). 
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RESULTS 

Overstory 

For Pinus spp., average trees per hectare varied considerably by treatment unit, although 

average dbh (diameter at breast height) and basal area per hectare remained relatively similar 

(Table 2). There were only 36 trees per hectare of Pinus spp. in unit 5 whereas unit 13 contained 

107 trees per hectare. An average of 68 Pinus stems per hectare was found across all treatment 

units. DBH averaged 68.2 em across all units and ranged from 62.1 em in unit 12 to 75.7 em in 

unit 4. Basal area per hectare of Pinus spp. averaged 24.9 m2/ha, reaching a maximum of 30.4 

m2/ha in unit 2 and a minimum of 16.3 m2/ha in unit 1. 

Density of hardwoods and other conifers, average dbh, and basal area per hectare were 

substantially lower in these white pine dominated forests (Table 2). Trees per hectare averaged 

25 but varied considerably by treatment unit, ranging from only seven trees in unit 7 to 49 trees in 

unit 14. Average dbh varied less by treatment unit, with a minimum value of 31.0 em in unit 12 

and a maximum value of 47.8 em in unit 3. An average dbh of36.9 em was observed across all 

treatment units. Basal area per hectare of hardwood trees averaged 3.7 m2/ha, but was highly 

variable, averaging only 0.6 m2/ha in unit 7 and a maximum of 10.8 m2/ha in unit 14. 

Intermediate 

The number of intermediate stems per hectare varied considerably among treatment units 

(Figure 2). Only 650 stems per hectare were found in unit 12 whereas 2225 stems per hectare 

were found in unit 1. The average for all units was 1518 stems/hectare. 

Average intermediate richness per plot (0.04 ha) was less variable, averaging 8 species 

(Figure 3). The lowest richness was found in unit 16 (4) and the highest richness was found in 

units 2 and 11 (1 0). Appendix 1 provides a list of intermediate species. 
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Table 2. Overstory characteristics of treatment units. 

Hardwoods and 
Trees/hectare Average Pinus spp. Trees/hectare Average other conifer species 

Treatment unit (Pinus spp.)a DBH (em) BA/ha(m2) (hardwoods )b DBH(cm) BA/ha(m2) 

Unit 1 42 69.6 16.3: 27 40.6 3.7 

Unit2 83 66.5 30.4 9 33.0 1.9 ;; !, '( s 

Unit3 59 71.6 25.3 r')c.''- 17 47.8 3.2 /' 

Unit4 51 75.7 23.4_' 33 45.0 5.7 
UnitS 36 74.2 16.4' . 24 43.4 3.8 ' 

Unit6 57 74.4 25.8, 31 35.1 3.2 

Unit 7 72 71.1 30.0 7 31.8 0.6 

Unit9 63 67.3 27.(f. 48 34.3 4.8 
)''" 

Unit 10 75 66.5 26.2 <J0. 21 32.8 1.9 .. 

Unit 11 85 63.5 25.0 24 35.3 2.6 

Unit 12 74 62.1 24.4 10 31.0 0.9 

Unit 13 107 62.7 24.7 25 36.6 6.2 

Unit 14 73 62.7 24.8 49 33.5 10.8 -.!,r;_ 

Unit 15 79 63.5 25.0 r 

Unit 16 62 71.6 28.2 21 36.6 2.5 

Average 68 68.2 24.9 25 36.9 3.7 

a The majority of Pinus spp. were P. strobus, with a small amount of P. resinosa. 
b Hardwoods and other conifer species includes: Abies balsamea, Acer rubrum, A. saccharum, Betula alleghaniensis, B. 
papyrifera, Carya cordiformis, Fagus grandifolia, Fraxinus americana, Juglans nigra, Quercus rubra, 
Thuja occidentalis, Tilia americana, Tsuga canadensis, and Ulmus americana. 
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Figure 2. Intermediate density (stems/hectare) by treatment unit in 2001. 
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Figure 3. Average intermediate richness per 0.04 hectares (405m2) by treatment unit in 2001. 
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Shrubs 

The area occupied by shrubs per treatment unit averaged 17%, but ranged widely from 

7% in units 4 and 5 to 44% in unit 12 (Figure 4). Appendix 2lists the eight species encountered 

in the shrub layer. 

Coarse Woody Detritus 

Both average total volume of fine and coarse woody detritus and volume of logs(> 7.62 

em diameter) varied substantially by treatment unit and, in some instances, from year to year 

within the same treatment unit (Tables 3-4). The same point of origin and azimuth were used for 

transects during both years of sampling. However, a change of only a few degrees resulting from 

human error may have played a role in the wide variation in volume demonstrated for the same 

unit(s) from 2001 to 2002. 

Total volume and log volume averaged 91.9 and 75.8 m3/ha, respectively, in 2001 and 

86.4 and 70.7 m3/ha, respectively, in 2002. Total volume of fine and coarse woody detritus in 

treatment units examined in both 2001 and 2002 (units 1-7, 16) averaged 98.0 m3/ha and 90.0 

m3/ha, respectively, whereas log volume averaged 80.5 m3/ha and 73.2 m3/ha, respectively. In 

2001, unit 7 contained the greatest total volume (158.1 m3/ha) and log volume (130.2 m3/ha). 

Total volume and log volume were greatest in unit 5 during 2002 (139.1 and 122.3 m3/ha, 

respectively). Both total volume and log volume were lowest in unit 4 during 2001 (41.2 and 

30.1 m3/ha, respectively) and unit 1 during 2002 (47.1 and 33.9 m3/ha, respectively). 

The average coefficient of variation for log volume was greater than total volume in both 

2001 and 2002. In addition, the average coefficient of variation was greater for both total volume 

and log volume during 2001. Unit 13 had the highest coefficient of variation for both total 

volume and logs in 2001 (1.66 and 1.92, respectively). Units 6 and 3 had the lowest coefficient 

of variation for total volume (0.48) and log volume (0.63), respectively. In 2002, unit 10 had the 

greatest coefficient of variation for both total volume (1.09) and log volume (1.27). Units 1 and 7 
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Figure 4. Mean percent shrub cover by treatment unit. 
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Table 3. Total coarse and fine woody detritus volume and log volume by treatment unit 
during late season 2001. Logs are greater than 7.62 em in diameter. 

Treatment unit Total volume Coefficient of Volume of logs Coefficient of 
(m3/ha) variation (m3/ha) variation 

Unit 1 66.0 1.12 53.9 1.39 
Unit2 108.2 0.70 93.5 0.84 
Unit3 113.5 0.51 95.8 0.63 
Unit4 41.2 0.90 30.1 1.23 
Unit5 128.0 0.95 115.2 1.07 
Unit6 60.4 0.48 37.1 0.90 
Unit 7 158.1 0.83 130.2 0.99 
Unit 12 87.1 0.67 73.7 0.76 
Unit13 80.4 1.66 67.2 1.92 
Unit 14 60.0 1.04 49.0 1.34 
Unit 16 108.5 0.79 87.9 0.85 
Average 91.9 0.88 75.8 1.08 
Average ofunits in 98.0 0.79 80.5 0.99 
common a 

a Average of units sampled during both late season 2001 and 2002 

Table 4. Total coarse and fine woody detritus volume and log volume by treatment unit 
during late season 2002. Logs are greater than 7.62 em in diameter. 

Treatment unit Total volume Coefficient of Volume of logs Coefficient of 
(m3/ha) variation (m3/ha) variation 

Unit 1 47.1 0.57 33.9 0.86 
Unit2 108.1 0.65 99.7 0.70 
Unit3 104.5 0.68 88.0 0.77 
Unit4 59.3 0.99 45.7 1.33 
Unit5 139.1 0.99 122.3 1.15 
Unit6 59.1 0.80 35.1 1.20 
Unit 7 79.6 0.57 65.1 0.67 
Unit9 64.0 0.64 49.8 0.92 
Unit 10 101.5 1.09 85.2 1.27 
Unit 11 53.1 0.52 38.2 0.75 
Unit 15 98.0 1.00 89.9 1.09 
Unit 16 122.8 0.70 96.0 0.89 
Average 86.4 0.77 70.7 0.97 
Average of units in 90.0 0.74 73.2 0.95 
commona 

a Average ofunits sampled during both late season 2001 and 2002 
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had the lowest coefficient of variation (0.57) for total volume and unit 7 also had the lowest for 

log volume (0.67). 

Arboreal Seedling Density 

No distinct pattern in arboreal seedling density was found among the three time periods 

(late season 2001, spring 2002, and late season 2002) or within treatment units (Figure 5). 

Average seedling densities ranged widely, from 2 (unit 7) to 9 seedlings/m2 (unit 4) in late season 

2001, 1 (unit 7) to 11 seedlings/m2 (unit 14) in spring 2002, and 1 (unit 9) to 11 seedlings/m2 (unit 

13) in late season 2002. Arboreal seedling composition was dominated by A. saccharum and A. 

rubrum with less frequent occurrences of A. balsamea, B. alleghaniensis, B. papyrifera, C. 

cordiformis, F. grandifolia, F. americana, 0. virginiana, P. strobus, P. pennsylvanica, P. 

serotina, Q. rubra, T. americana, T. canadensis, and U. rubra. 

Seed Bank 

A total of 824 germinants, representing 46 taxa, emerged from the 192 seed bank samples 

{Table 5). A complete list of taxa is provided in Appendix 6. The most abundant group of 

species was the alien/weedy herbs (35%), followed closely by forest herbs (29%). The 

representation of other groups was: grasses and sedges (19%), shrubs {11 %), unidentified species 

(5%), and trees (.01 %). Germinants from the genus Carex were the most abundant member of 

the grass and sedge category as well as the largest taxa (16%) found in the seed bank. 

Identification of Carex germinants by species was not possible, therefore members of this genera 

were lumped as Carex spp. Polygonum cilinode ( 11% of the total seed bank), members of the 

genus Viola (7% of the total seed bank), and Oxalis stricta (3% of the total seed bank) were the 

most abundant native herbs. The two most common weedy/alien herbs were Cerastiumfontanum 

( 11% of the total seed bank) and Solanum ptycanthum ( 11% of the total seed bank). Diervilla 

lonicera (4% ofthe total seed bank), Rubus spp. (3% ofthe seed bank), andR. idaeus ssp. 

strigosus (3% of the total seed bank), were the shrubs found in the greatest quantities. 
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Figure 5. Mean arboreal seedling density (stems/m2) by treatment unit across three time periods. 
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Table 5. Number of germinants per treatment unit and maximum density of germinants per m2 • 

Treatment Unit 

Maximum 
1 3 4 5 13 14 Total density J:!er m1 

Native herbs 
Arisaema triphyllum 1 1 226 
Aster spp. 1 1 226 
Circaea alpina ssp. canadensis 1 1 226 
Conyza canadensis 1 9 7 17 2036 
Corydalis sempervirens 1 4 1 6 452 

Dicentra spp. 3 3 679 
Epilobium cilia tum 1 2 3 226 
Erechtites hieracifolia 1 1 226 
Euthamia graminifolia 1 1 226 

Galium triflorum 1 1 2 226 

Geranium bicknellii 1 1 226 
Geranium macula tum 1 1 226 
Hepatica acutiloba 1 1 226 
Hieracium spp. 1 1 2 226 
Hydrophyllum virginianum 2 2 452 
Maianthemum canadense 3 3 1 1 8 226 

Oxalis stricta 1 3 19 23 679 
Polygonum cilinode 46 40 5 3 94 4299 
Potentilla norvegica 2 1 3 452 

Ranunculus spp. 2 1 1 4 452 
Solidago spp. 1 1 2 226 

Uvularia sessilifolia 1 1 226 

Viola spp. 5 11 10 4 5 26 61 1810 
Unidentified 1 1 

Total 57 66 31 16 38 32 240 
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Table 5 cont ... 

Treatment Unit 

1 3 4 5 13 14 Total Maximum 

--------------
density J.!er m1 

Alien/weedy herbs 
Cerastium fontanum 4 90 94 20362 
Chenopodium album 10 51 6 14 8 2 91 3846 
Chenopodium glaucum 2 1 1 2 1 1 8 452 
Plantago major 1 5 6 679 
Rumex obtusifolius 1 1 226 
Solanum ptycanthum 40 4 32 1 77 9050 
Sonchus oleraceus 6 1 7 905 
Taraxacum officinale 1 2 3 452 
Trifolium rep ens 1 1 226 
Total 52 62 48 18 105 3 288 

Shrubs 
Diervilla lonicera 8 2 1 3 4. 18 36 2262 
Lonicera canadensis 1 1 226 
Rubus spp. 4 5 4 6 3 2 24 452 
Rubus idaeus ssp. strigosus 1 1 226 
Sambucus racemosa ssp. pubens 4 8 11 3 1 27 679 
Total 16 15 17 12 8 21 89 

Trees 
Acer rub rum 1 1 226 
Betula spp. 2 2 452 
Prunus pensylvanica 1 1 226 
Prunus virginiana 1 1 226 
Total 1 4 5 
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Table 5 cont .•. 

Treatment Unit 

Maximum 
1 3 4 5 13 14 Total density l!er m2 

Grasses and Sedges 
Agrostis perennans 1 2 3 452 
Car ex spp. 25 47 30 18 2 8 130 2941 
Digitaria ischaemum 1 1 226 
Juncus spp. 1 1 226 
Oryzopsis asperifolia 1 1 226 
Unidentified 2 1 15 1 2 21 
Total 27 48 46 20 6 9 156 

Unidentified germinants 11 10 10 5 3 7 46 
Total germinants 163 202 152 70 161 76 824 
Total no. of taxa/treatment unit 12 22 26 15 23 16 
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Tree seeds were sparse overall, with Betula spp. resulting in only slightly higher amounts (.002% 

of the total seed bank) than other species. The number of seeds per treatment unit ranged from 

, 70-202, with a mean of 137. Richness in treatment units varied considerably, ranging from 12 

(unit 1) to 26 (unit 4), with an average of 19. 

The maximum density of seed bank taxa (species or genera) per sample ranged from 226 
,, c'-

(klr 

(numerous taxa) to 20,362 (Cerastiumfontanum) seeds per m2, averaging 1293 seeds per m2• 

Seeds of alien/weedy species and early successional native herbs represented the highest 

maximum densities, including C. fontanum, Solanum ptycanthum (9050 seeds/m2), P. cilinode 

(4299 seeds/m2), and Chenopodium album (3846 seeds/m2). An overwhelming majority of native 

herbs (78%) obtained a maximum of only 226-452 seeds/m2• 

Average seed bank densities per square meter by treatment unit also varied widely (Table 

6). Unit 14 contained the smallest density and standard deviation (1315 ± 892 seeds/m2) and unit 

3 contained the highest (3212 ± 3346 seeds/m2). The average density and standard deviation 

across all units sampled were 2352 ± 2363 seeds/m2 • 

Table 6. Mean density and standard deviation (SD) of germinants emerging per 1 m2 of 
soil by treatment unit. 

Treatment unit 

Unit 1 
Unit3 
Unit4 
Unit 5 
Unit 13 
Unit 14 

Mean+/- SD 

2439 ± 2314 
3212 ± 3346 
2657 ± 2459 
1326 ± 855 
3163 ± 4313 
1315 ± 892 
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Litter Depth 

Litter depth across all treatment units was relatively similar, averaging 3.21 centimeters 

(Figure 6). Adjacent units 2 and 3, separated by only a 30m buffer, contained the lowest (2.41 

em) and highest (3.99 em) amounts oflitter, respectively. 

Soil pH 

Soil pH did not vary substantially either by treatment unit (Figure 7). Average pH was 

5.0, with the lowest and highest pH found in unit 14 (4.69) and unit 4 (5.19), respectively. 

Understory Vegetation by Life Form 

The total cover of understory species by life form (forbs, trees, shrubs, and grasses) 

varied little between late season 2001, spring 2002, and late season 2002 [Figures 9-11] (Data not 

shown). Forbs were the dominant life form during late season 2001, spring 2002, and late season 

2002 (64%, 68%, and 67%, respectively). Trees (16-18%), shrubs (10-13%), and grasses (5-7%) 

were lesser contributors. Appendices 3, 4, and 5 provide a complete list of understory species 

encountered during late season 2001, spring 2002, and late season 2002. 

Understory Cover 

Mean cover per quadrat (one square meter) differed considerably by time period (late 

season 2001, spring 2002, and late season 2002) and treatment unit (Figure 11). Late season 

2002 had the greatest average cover per quadrat (55%), followed by late season 2001 (42%), and 

the substantially lower spring 2002 (13%). From late season 2001 to late season 2002, average 

cover increased in nine of eleven treatment units. The range of values for late season 2001 (22-

89%) and late season 2002 (26-80%) were relatively similar. Spring 2002 cover ranged from 6-

25%. 
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Figure 6. Mean litter and duff depth by treatment unit. Each treatment unit is 0.81 hectares. 
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Figure 7. Average soil pH per treatment unit. Each treatment unit is 0.81 hectares. 
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Figure 8. Mean percent understory cover by life form in late 
season 2001. 
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Figure 9. Mean percent understory cover by life 
form in spring 2002. 
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Fhwre 11 Mean percent understory cover by treatment unit and sample period 
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Understory Richness 

Mean richness by treatment unit did not vary substantially between late season 2001, 

spring 2002, and late season 2002 (39, 35, and 38 species, respectively). In late season 2001, unit 

13 had the lowest average richness (32 species) and unit 7 contained the highest [ 46 species] 

(Figure 12). Spring 2002 had a relatively similar range, with the lowest richness in unit 2 (28 

species) and the highest richness in unit 16 (45 species). Late season 2002 had the largest range, 

with 25 species in unit 14 and 45 species in units 6 and 7. 

Species density was relatively similar when averaged by treatment unit (Figure 13). 

Density was relatively constant, ranging from 6-10 species for late season 2001 and 2002 and 5-

11 species for spring 2002. Average spring 2002 species density per quadrat (7 species) was only 

slightly lower than late season 2001 (8 species) or late season 2002 (9 species) in units 1-7. The 

opposite was true for units 12-16, with average spring 2002 species density per quadrat (10 

species) generally greater than the other two time periods (8 and 8 species, respectively). Units 9, 

10, and 11, sampled only during late season 2002, had lower values (6, 7, and 7 species, 

respectively) than other units sampled during the same time period. 

Understory Diversity 

Diversity per unit ranged noticeably by both treatment unit and time period (Figure 14). 

Spring 2002 represented the highest diversity (2.88), followed by late season 2002 (2.58), and late 

season 2001 (2.35). The time period with the lowest diversity (late season 2001) also contained 

the greatest range by treatment unit (1.54 to 2.77). Spring 2002 and late season 2002 had 

considerably smaller ranges by treatment unit (2.29-2.88 and 2.20-2.58, respectively). Units 1, 2, 

4-7, and 16 demonstrated a recognizable trend among time periods, with spring 2002 diversity 

noticeably larger than late season 2001 and late season 2002 diversity. In the remaining units (3, 

12, 13, and 14) late season 2002 had the highest diversity of the three time periods. 
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Figure 12. Understory richness by treatment unit and sample period. 
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Figure 13. Mean species density (#/2m2) by treatment unit and sample period. 
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Figure 14. Understory diversity (Shannon-Weiner Index) by treatment unit and sample period. 
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Though diversity was lower, many trends for mean diversity per quadrat were similar for 

mean diversity per treatment unit (Figure 14). Spring 2002 once again had the highest average 

diversity (1.60), followed by late season 2001 (1.48) and late season 2002 (1.40). In contrast to 

trends for mean diversity per treatment unit, spring 2002 contained the greatest range for diversity 

per quadrat (1.06-1.99), followed by late season 2002 (1.11-1.86), and late season 2002 (1.27-

1.75). 

Similarity in Above and Belowground Vegetation within Treatment Units 

Above and belowground vegetation within treatment units was more similar (Jaccard's 

Index) based on late season data (30-31 %) and slightly less similar in spring 2002 [25%] (Figure 

16). Averaging all three time periods, unit 5 had the greatest similarity between the seed bank 

and understory vegetation (33%) and unit 13 contained the least amount of similarity (24%). 

Similarity between Aboveground Vegetation Among Treatment Units 

A likeness between aboveground vegetation is evident when individual treatment units 

are compared to each other within the same time period (Figure 17). Late season 2001, spring 

2002, and late season 2002 similarities averaged 36%, 37%, and 36%, respectively. 

In late season 2001, unit 16 maintained the lowest average similarity (23%) when 

compared with all other units and unit 4 maintained the highest [42%] (Table 7). The comparison 

between units 5 and 16 and units 14 and 16 resulted in the least similarity between two units 

(16%). Units 12 and 13 were the most similar overall (51%). 

The similarities based on spring 2002 composition were more variable. Unit 14 was least 

like any of the other treatment units (16% similarity) and units 4 and 13 were the most like others 

(41 %) in spring 2002 (Table 8). The comparison between units 13 and 14 provided the least 

amount of similarity (12%) and units 12 and 15 were exceptionally similar (70%). 

A wide range of values were also observed in late season 2002, with unit 5 most like all 

other units (52%) and unit II least like other units [24%] (Table 9). An exceptional 83% percent 
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Figure 16. Similarity (Jaccard's Index) between seed bank composition and aboveground 
vegetation among treatment units. 
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Figure 17. Similarity (Jaccard's Index) between aboveground vegetation among treatment units. 
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Table 7. Similarity (Jaccard's Index) in aboveground vegetation between treatment units in late season 2001. 

Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit 
1 2 3 4 5 6 7 12 13 14 16 

Unit 1 
Unit2 0.38 
Unit3 0.34 0.34 
Unit4 0.39 0.44 0.44 
UnitS 0.32 0.35 0.31 0.40 
Unit6 0.38 0.36 0.41 0.48 0.42 
Unit7 0.31 0.36 0.30 0.50 0.39 0.42 
Unit 12 0.42 0.43 0.33 0.40 0.29 0.37 0.37 
Unit 13 0.35 0.43 0.33 0.38 0.31 0.45 0.37 0.51 
Unit 14 0.48 0.43 0.36 0.45 0.26 0.42 0.39 0.44 0.48 
Unit 16 0.25 0.19 0.32 0.28 0.16 0.30 0.19 0.28 0.21 0.16 

Average 0.36 0.37 0.35 0.42 0.32 0.40 0.36 0.38 0.38 0.39 0.23 
per unit 
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Table 8. Similarity (Jaccard's Index) in aboveground vegetation between treatment units in spring 2002. 

Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit 
1 2 3 4 5 6 7 12 13 14 15 16 

Unit 1 
Unit2 0.50 
Unit3 0.45 0.43 
Unit4 0.45 0.46 0.45 
UnitS 0.45 0.39 0.35 0.51 1 

Unit6 0.41 0.38 0.38 0.50 0.52 
Unit7 0.33 0.33 0.30 0.37 0.38 0.44 
Unit 12 0.38 0.39 0.33 0.38 0.33 0.33 0.31 
Unit 13 0.47 0.48 0.43 0.46 0.49 0.39 0.33 0.45 
Unit 14 0.14 0.15 0.19 0.16 0.15 0.18 0.21 0.14 0.12 
Unit 15 0.33 0.33 0.33 0.38 0.38 0.40 0.29 0.70 0.45 0.15 
Unit 16 0.38 0.38 0.30 0.42 0.37 0.34 0.30 0.60 0.49 0.21 0.55 

Average 0.39 0.38 0.36 0.41 0.39 0.39 0.33 0.39 0.41 0.16 0.39 0.40 
per unit 
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Table 9. Similarity (Jaccard's Index) in aboveground vegetation between treatment units in late season 2002. 

Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit 
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 

Unit 1 
Unit 2 0.47 
Unit 3 0.48 0.41 
Unit4 0.40 0.35 0.34 
Unit 5 0.42 0.45 0.44 0.43 
Unit6 0.54 0.58 0.53 0.42 0.47 
Unit7 0.48 0.44 0.45 0.42 0.57 0.48 
Unit9 0.30 0.33 0.31 0.20 0.83 0.33 0.33 
Unit 10 0.33 0.41 0.31 0.24 0.44 0.33 0.35 0.36 
Unit 11 0.25 0.18 0.24 0.25 0.51 0.27 0.27 0.18 0.20 
Unit 12 0.23 0.25 0.24 0.23 0.64 0.27 0.27 0.29 0.27 0.21 
Unit 13 0.44 0.48 0.33 0.32 0.67 0.36 0.44 0.32 0.40 0.19 0.24 
Unit 14 0.25 0.29 0.16 0.16 0.58 0.21 0.21 0.39 0.39 0.16 0.23 0.34 
Unit 15 0.40 0.43 0.36 0.25 0.30 0.39 0.42 0.44 0.47 0.25 0.30 0.45 0.38 
Unit 16 0.44 0.40 0.28 0.24 0.50 0.35 0.35 0.41 0.46 0.20 0.28 0.37 0.38 0.40 

Average 0.39 0.39 0.35 0.30 0.52 0.39 0.39 0.36 0.35 0.24 0.28 0.38 0.37 0.36 
per unit 
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----- --- ------------

similarity was the result of the comparison between aboveground vegetation in units 5 and 9. 

Unit 14 exhibited the lowest similarity (16%) when compared with three other units (units 3, 4, 

and 11). 

The Effects of Environmental Variables on Understory Vegetation 

Unit Level 

A comparison of dependent variables at the unit level resulted in only a handful of 

significant values (Table 10) and there were no significant correlations within the 2001 matrix. 

Spring 2002 cover positively correlated with spring 2002 richness (0.618). Spring 2002 richness 

and diversity were also strongly correlated (0.673). Late season 2002 richness was positively 

correlated with two other dependent variables, late season 2001 richness (0.616) and spring 2002 

diversity (0.629). Late season 2002 diversity positively correlated with late season 2001 diversity 

(0.621) and spring 2002 cover (0.584). 

Only one significant value was found among independent variables at the unit level 

(Table 11). Overstory and intermediate density resulted in a strong negative relationship (-0.521). 

Although not statistically significant, it is mentionable that late season 2001 seedling density, 

intermediate density, and litter depth were negatively correlated with almost every other 

independent variable. 

The significant correlations between dependent and independent variables were generally 

positive (Table 12). Shrub cover positively correlated with spring 2002 cover (0.762), and late 

season 2002 diversity (0.858). Intermediate density was negatively correlated with spring 2002 

cover ( -0.645) and positively correlated with late season 2002 richness (0.588). Both CWD > 

7.62 em (0.607) and Total CWD (0.595) were positively associated with late season 2002 cover. 

One other positive relationship between 2.54-7.62 em CWD and spring 2002 richness (0.667) was 

found. 
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Table 10. Pearson correlation matrix at the treatment unit level among dependent variables in the regression analyses. Values presented in bold are significant 
at the p<.05 level. 

Late season Late season Late season Spring 2002 Spring 2002 Spring 2002 Late season Late season Late season 
2001 cover 2001 2001 cover richness diversity 2002 cover 2002 2002 

richness diversity richness diversity 
Late season 1.000 0.392 -0.196 -0.111 -0.077 -0.191 -0.019 0.268 0.106 
2001 cover 
Late season 1.000 0.127 -0.154 0.374 0.376 -0.103 0.616 -0.176 
2001 richness 
Late season 1.000 0.332 0.071 0.014 -0.423 -0.188 0.621 
2001 
diversity 
Spring 2002 1.000 0.618 0.107 -0.079 -0.312 0.584 
cover 
Spring 2002 1.000 0.673 0.265 0.234 0.218 
richness 
Spring 2002 1.000 0.224 0.629 0.215 
diversity 
Late season 1.000 0.258 -0.195 
2002 cover 
Late season 1.000 0.052 
2002 richness 
Late season 1.000 
2002 
diversity 

83 



Table 11. Pearson correlation matrix at the treatment unit level among potential independent variables for the regression analyses. Values presented in bold 
are significant at the p<.05 level. 

Shrub cover 
Overstory density 
Late season 200 1 
seedling density 
Intermediate 
density 
Litter depth 
2.54-7.62 em 
CWD 
>7.62cmCWD 
TotalCWD 

Shrub cover 

1.000 

Overstory 
density 

0.291 
1.000 

Late Season 
200 1 seedling 
density 
-0.396 
-0.038 
1.000 

Intermediate 
density 

0.113 
-0.521 
-0.413 

1.000 

84 

Litter depth 

-0.148 
0.410 

-0.295 

-0.261 

1.000 

2.54-7.62 em 
CWD 

0.259 
0.200 

-0.071 

-0.383 

-0.116 
1.000 

>7.62 em 
CWD 

-0.095 
0.061 

-0.247 

-0.018 

-0.052 
0.254 

1.000 

TotalCWD 

-0.092 
0.065 

-0.304 

-0.002 

-0.053 
0.341 

0.990 
1.000 



Table 12. Pearson correlation matrix at the treatment unit level among dependent variables and independent variables in the regression analyses. Values 
,eresented in bold are siS!!ificant at the _e<.05 level. 

Late season Late season Late season Spring 2002 Spring 2002 Spring 2002 Late season Late season Late season 
2001 cover 2001 2001 cover richness diversity 2002 cover 2002 2002 

richness diversit~ richness diversit~ 
Shrub cover -0.091 -0.172 0.600 0.762 0.446 0.207 -0.309 -0.088 0.858 
Overstory -0.066 -0.383 0.140 0.239 -0.028 -0.059 0.039 -0.462 0.372 
density 
Late season 2001 -0.147 -0.415 -0.115 -0.107 -0.184 -0.141 0.248 -0.030 -0.089 
seedling density 
Intermediate -0.042 0.225 -0.083 -0.645 -0.399 0.135 -0.138 0.588 0.009 
density 
Litter depth 0.436 0.029 -0.232 0.056 -0.206 -0.327 -0.326 -0.362 0.053 
2.54-7.62 em 0.253 0.515 0.415 0.222 0.667 0.486 0.233 0.249 0.315 
CWD 
>7.62 cmCWD 0.351 0.116 -0.476 -0.160 0.313 0.459 0.607 0.338 -0.096 
TotalCWD 0.354 0.231 -0435 -0.170 0.376 0.530 0.595 0.408 0.099 
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------ -------------

Multiple Regression (Treatment Unit) 

Due to the small sample size at treatment unit level (n=15) and the exclusion of data 

points based on outliers and large leverages, variation in understory vegetation was unexplained 

by multiple regression at the unit level. 

The Effects of Environmental Variables on Understory Vegetation 

Paired Quadrat Level 

A handful of correlations were significant at the paired quadrat level for dependent 

variables but the significant correlations are, on average, lower than those found at the unit level 

(Table 13). Late season 2001 cover resulted in one positive pairing with late season 2001 species 

density (0.298) and one negative pairing with late season 2001 diversity (-0.283). Late season 

2001 richness and spring 2002 species density were also positively correlated (0.315). Late 

season 2002 cover and spring 2002 cover were positively related (0.551 ), as were spring 2002 

species density and diversity (0.252). The strongest relationships between independent variables 

resulted from the association of late season 2001 and 2002 diversity (-0.779), which was oddly 

negative, and a positive correlation between late season 2002 cover and diversity (0.815). The 

majority of non-significant values were positive. 

Evaluation of independent variables revealed several significant relationships (Table 14). 

Interestingly, litter depth and late season 2002 seedling density had a strong negative relationship 

( -0. 779). Spring 2002 seedling density and pH also had a negative relationship ( -0.329). The 

comparison of seedling densities from several different time periods resulted in significant 

relationships. Late season 2001 seedling density and late season 2002 seedling density over 1 

meter had a small, positive correlation (0.317). Spring 2002 seedling density and late season 

2002 seedling density over 1 meter were negatively correlated (-0.673). 
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Table 13. Pearson correlation matrix for paired quadrats among dependent variables in the regression analyses. Values presented in bold are 
significant at the p<.05 level. 

Late season Late season Late season Spring 2002 Spring 2002 Spring 2002 Late season Late season Late season 
2001 cover 2001 species 2001 cover species diversity 2002 cover 2002 species 2002 

dens it~ diversity density density diversity 
Late season 1.000 0.298 -0.283 0.176 0.066 0.196 0.624 0.531 0.357 
2001 cover 
Late season 1.000 0.419 0.011 0.315 -0.130 0.046 0.452 -0.398 
2001 species 
density 
Late season 1.000 -0.127 0.018 -0.133 -0.483 0.190 -0.779 
2001 
diversity 
Spring 2002 1.000 0.623 0.787 0.551 0.186 0.405 
cover 
Spring 2002 1.000 0.252 0.295 0.425 0.043 
species 
density 
Spring 2002 1.000 0.145 -0.095 0.281 
diversity 
Late season 1.000 0.370 0.815 
2002 cover 
Late season 1.000 0.036 
2002 species 
density 
Late season 1.000 
2002 
diversity 
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Table 14. Pearson correlation matrix for paired quadrats among independent variables in the regression analyses. Values presented in bold 
are significant at the p<.05 level. 

Seed bank 
species density 
2001 
Seed bank 
diversity 2001 
pH 
Intermediate 
density 
Litter depth 
Late season 
2001 seedling 
density 
Late season 
2002 
seedling density 
Late season 
2002 
seedling density 
(over 1m) 
Spring 2002 
seedling density 
Spring 2002 
seedling density 
(over I m) 

Seed bank 
species 
density 
2001 
1.000 

Seed bank 
diversity 
2001 

0.865 

1.000 

pH 

0.077 

0.156 

1.000 

Intermediate 
density 

0.149 

0.265 

0.200 
1.000 

Late 
season 
2001 

Litter seedling 
deEth densit~ 
0.162 0.186 

0.170 0.221 

-0.060 0.050 
0.506 0.022 

1.000 -0.050 
1.000 
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Late Spring 
Late season Spring 2002 
season 2002 2002 seedling 
2002 seedling seedling density 
seedling density density (over 1m) 
densit~ ~over 1m~ 
-0.015 0.073 -0.035 0.134 

-0.074 O.Q15 0.082 0.064 

-0.057 0.074 -0.329 -0.058 
0.049 -0.020 -0.235 0.053 

-0.779 0.287 0.007 -0.095 
-0.159 0.317 0.442 0.442 

1.000 -0.017 0.070 -0.201 

1.000 -0.673 0.004 

1.000 0.149 

1.000 



There were numerous positive and negative correlations between dependent and 

independent variables at the paired quadrat level (Table 15). Seed bank richness and diversity 

corresponded similarly with late season 2001 cover (0.413 and 0.437, respectively). Litter depth 

had a number of significant correlations with dependent variables, including spring 2002 diversity 

(0.321), late season 2002 cover (-0.875), and late season 2002 species density (-0.750). The only 

significant correlation with pH was with late season 2001 species density (0.317). Intermediate 

density and late season 2002 cover were also significantly correlated (-0.292). Using five 

categories of seedling densities from three different time periods, four positive significant 

correlations and one negative correlation resulted. Spring 2002 seedling density was negatively 

correlated with late season 2001 diversity (-0.280) and late season 2002 seedling density was 

positively associated with spring 2002 species density and diversity (0.339 and 0.289, 

respectively). Late season 2002 seedling density over one meter and late season 2001 diversity 

were strongly and positively associated (0.611), and late season 2002 seedling density over 1 

meter and spring 2002 cover were weakly correlated (0.285). 

Multiple Regression (Paired Quadrat) 

Multiple regression revealed several weak relationships between plant cover, species 

density, or diversity and environmental variables at the paired quadrat level (Table 16). A small 

amount of late season 2001 cover was predicted by seed bank diversity and species density 

[adjusted r=0.20 and 0.15, respectively] (Figures 18 and 19, respectively). Spring 2002 seedling 

density over 1 meter partially explained spring 2002 cover [adjusted r=0.12] (Figure 20), late 

season 2001 seedling density accounted for some of spring 2002 species density [adjusted 

r=0.13] (Figure 21), and seed bank species density and diversity predicted a small amount of 

spring 2002 diversity [adjusted r=0.15 and 0.10, respectively] (Figures 22 and 23). A significant 

equation was not found for late season 2002 cover, species density, or diversity. 
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Table 15. Pearson correlation matrix for paired quadrats among dependent and independent variables in the regression 
analyses. Values presented in bold are significant at the p<.05 level. 

Late season Late season Late season Spring 2002 Spring 2002 Spring 2002 Late season Late season Late season 
2001 cover 2001 2001 cover species diversity 2002 cover 2002 2002 

species diversity density species diversity 
densi~ densitr 

Seed bank richness 0.413 -0.033 -0.060 0.130 -0.039 0.252 -0.052 0.056 -0.021 
2001 
Seed bank diversity 0.437 -0.038 -0.241 0.190 -0.015 0.324 -0.021 -0.019 0.034 
2001 
pH 0.249 0.317 0.035 -0.128 -0.024 -0.098 -0.038 0.004 -0.100 
Intermediate density 0.075 0.307 -0.341 -0.184 -0.103 -0.148 -0.292 -0.107 -0.183 
Litter depth 0.172 -0.205 -0.137 0.077 -0.123 0.321 -0.875 -0.750 -0.525 
Late season 2001 0.215 0.176 -0.013 0.193 0.399 0.123 0.535 0.304 0.519 
seedling density 
Late season 2002 -0.026 -0.187 -0.137 0.366 0.339 0.289 0.007 -0.088 0.088 
seedling density 
Late season 2002 0.032 0.142 0.611 0.285 0.433 0.094 -0.035 0.326 0.111 
seedling density 
(over 1m) 
Spring 2002 0.381 0.129 -0.280 0.035 0.298 -0.189 0.173 0.433 0.048 
seedling density 
Spring 2002 -0.071 0.560 0.130 0.575 0.300 0.273 -0.075 -0.013 -0.084 
seedling density 
(over 1m) 
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Table 16. Forward stepwise multiple regression models depicting the relationship between environmental variables and 
understory cover, species density, and diversity in paired quadrats. See methods for a list of variables examined within each model. 
All models were tested at the p<.051evel. 

Predictor 
variables Standardized Adjusted Standard 

Response Variables retained coefficient N R2 error p-value 

Late season 2001 cover (Model 1) Seed bank diversity 0.471 37 0.200 0.623 0.003 
Late season 2001 cover (Model 2) Seed bank richness 0.412 35 0.145 0.646 0.014 
Late season 2001 species density * 
Late season 2001 diversity * 
Spring 2002 cover (Model 3) Spring 2002 0.364 56 0.117 0.665 0.006 

seedling density 
over 1m 

Spring 2002 species density Late season 2001 0.372 76 0.126 4.300 0.001 
(Model4) seedling density 
Spring 2002 diversity (Model 5) Seed bank diversity 0.419 35 0.150 1.001 0.012 
Spring 2002 diversity (Model 6) Seed bank richness 0.363 33 0.104 1.032 0.038 
Late season 2002 cover * 
Late season 2002 species density * 
Late season 2002 diversity * 

*no significant relationships were found for late season 2001 richness and diversity or late season 2002 cover, species density, and diversity 
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Figure 18. Relationship between late season 2001 cover and 
seed bank diversity within paired quadrats (Model 1 ). Late season 
2001 cover variables were log transformed. Adjusted R2=0.20. 
Non-transformed values for late season 2001 cover ranged from 4 to 
133%. 
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Figure 19. Relationship between late season 2001 cover and 
seed bank richness within paired quadrats (Model 2). Late season 
2001 cover and seed bank richness variables were log transformed. 
Adjusted R2=0.15. Non-transformed values for late season 2001 
cover ranged from 4 to 133% and ranged from 2 to 11 for seed bank 
richness. 
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Figure 20. Relationship between Spring 2002 cover and 
spring 2002 seedling density over 1 m within paired quadrats 
(Model 3). Both variables were log transformed. 
Adjusted R2=0.12. Non-transformed values for spring cover 
ranged from 4-50 and 2001 seedling density over 1 meter 
ran ed from 2-14. 
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Figure 21. Relationship between spring 2002 species density and 
Late season 2001 seedling density within paired quadrats (Model3). 
Late season 2001 seedling densities were log transformed. 
Adjusted R2=0.15. Non-transformed values for seedling densities 
ranged from 0-40. 
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Figure 22. Relationship between spring 2002 diversity 
and seed bank richness within paired quadrats (Model 1 ). Spring 
2002 diversity variables were log transformed. Adjusted R2=0.15. 
Non-transformed variables for spring 2002 diversity ranged from 0-3. 
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Figure 23. Relationship between spring 2002 diversity and seed 
bank diversity within paired quadrats (Model 3). Spring 2002 
diversity was log transformed. Adjusted R2=0.10. Non
transformed values ranged from 0-3. 
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Canonical Correspondence Analysis 

Biplots demonstrating the relationships between understory vegetation and environmental 

variables for a given time period were constructed. Environmental vectors were represented by 

arrows, with length indicating the importance of the variable and the direction identifying how 

well the environment was correlated with species composition. The angle between arrows 

indicates correlations between variables. The location of paired quadrats in relation to arrows 

indicates the environmental conditions found at each point (ter Braak 1987, Palmer 1993). 

Late Season 2001 

Canonical correspondence analysis for late season 2001 revealed weak relationships and 

a small amount of explained variance (Table 17). Approximately 10 percent of the variance in 

late season 2001 understory abundance was explained by four different environmental variables. 

Late season 2001 seedling density was positively correlated with the first axis (0.491), and seed 

bank diversity ( -0.199) and litter depth ( -0.326) were negatively correlated with the second axis. 

The strongest loading on the third axis was soil pH [0.214] (Table 18). 

Several relationships between understory plants and environmental variables were found 

during late season 2001 (Figure 24). R. idaeus, L. canadensis, Rubus spp., H. acuminata, A. 

nudicaulis, A. rubrum, and M diphylla, listed in descending rank, react favorably in situations 

with high seedling densities. Increased seed bank diversity and litter depth are associated with 

several species including D. intermedia, M repens, R. hispidus, and S. racemosa. A distinct 

group of shrubs (A. racemosa, C. cornuta, D. palustris, H. virginianum, V. acerifolium, and V. 

dentatum) located in the upper right-hand quadrant of the biplot clearly demonstrated a distinct 

preference for areas with decreased seed bank diversity and litter depth. The location of 

Lycopodium spp. and L. obscurum indicates their aversion to high seedling densities, increasing 
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Table 17. Eigenvalues and percent variance 
explained by Canonical Correspondence Analysis 
for late season 2001. 

Axis 1 Axis 2 Axis 3 

Eigenvalue 0.264 0.172 0.070 
% Variance in species data 

% ofvariance explained 5.3 
Cumulative % explained 5.3 

3.5 1.4 
8.8 10.2 

Table 18. Late season 2001 standardized 
canonical correlation coefficients. 

Seed bank diversity 
pH 
Litter depth 
Late season 2001 

seedling density 

Axis 1 Axis 2 Axis 3 

-0.021 -0.199 0.099 
-0.027 0.011 0.214 
-0.137 -0.326 -0.094 
0.491 -0.142 0.008 

Table 19. Eigenvalues and percent variance explained 
by Canonical Correspondence Analysis for spring 
2002. 

Axis 1 Axis 2 Axis 3 

Eigenvalue 0.529 0.256 0.183 
% Variance in species data 

% of variance explained 10.8 5.3 3.8 
Cumulative % explained 10.8 16.1 19.9 
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Table 20. Spring 2002 canonical correlation 
coefficients. 

Seed bank diversity 
pH 
Litter depth 
Late season 2001 

seedling density 
Spring 2002 
seedling density 

Spring 2002 
seedling density 
(over 1 meter) 

Axis 1 Axis 2 Axis 3 

-0.107 0.346 -0.366 
-0.584 -0.511 0.633 
0.201 0.696 0.303 

-0.580 0.302 -0.791 

0.190 -0.661 -0.507 

0.107 -0.017 0.353 
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seed bank diversity, and large litter depths. Codes for species present in late season 2001 biplots 

are located in Appendix 7. 

Paired quadrats were widely scattered over the graph, indicating little correlation between 

paired quadrats and environmental variables (Figure 25). The majority of paired quadrats from 

unit 14 are located in the upper-left quadrant of the biplot demonstrating their affinity for lower 

levels of seed bank diversity, litter, and seedling density over one meter. The majority of paired 

quadrats from unit 1 are clustered in the center of the biplot indicating their tolerance for 

environmental conditions displayed by the environmental variables . 

. Spring 2002 

Litter depth, pH, late season 2001 seedling density, spring 2002 seedling density, seed 

bank diversity, and spring 2002 seedling density over one meter accounted for almost 20% of the 

variation in spring 2002 vegetation. Eigenvalues on the first axis [0.529] (Table 19) were largely 

influenced by negative relationships with pH (-0.584) and late season 2001 seedling density 

[ -0.580] (Table 20). The second axis had an eigenvalue of 0.256 resulting from negative loadings 

from pH (-0.511) and spring 2002 seedling density (-0.661) and a positive loading for litter depth 

(0.696). 

Only a few taxa, including Corylus spp., P. cilinode, Rubus spp., and Viola spp., responded 

positively to increased litter depths (Figure 26). A number of woody species, A. rubrum, D. 

lonicera, P. strobus, Q. rubra, and V. acerifolium, were more abundant in areas with increased 

spring 2002 seedling densities. Late season 2001 seedling density and pH corresponded with 

each other closely. Predominately herbs and grasses, such as A. quinquefolia, G. triflorum, 0. 

claytonii, 0. asperifolia, S. rosesus, and U sessiliflora, responded favorably to these two 

environmental variables. Interestingly, a group of spring ephemeral species was found in the 

lower left quadrant of the biplot. The group contained Dicentra spp., H. americana, P. 
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Figure 24. Late Season 2001 species-environment biplot with arrows indicating 
environmental variables and points indicating species scores. Only species occurring in three 
or more paired quadrats were included in the biplot. 
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Figure 25. Late Season 2001 paired quadrat-environment biplot with arrows indicating 
environmental variables and triangles indicating paired quadrat scores. 
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Figure 26. Spring 2002 species-environment biplot with arrows indicating environmental 
variables and points indicating species scores. Only species occurring in three or more paired 
quadrats were included in the biplot. 
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Figure 27. Spring 2002 paired quadrat-environment biplot with arrows indicating 
environmental variables and triangles indicating paired quadrat scores. 
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pubescens, Trillium spp., U. grandiflora, and V. pubescens, corresponded negatively with only 

litter depth The only Lycopodium spp. included during spring 2002, L. lucidulum, was again 

found in a remote location on the biplot away from the influence of environmental variables. 

Codes for species present in spring 2002 biplots can be found in Appendix 7. Relatively few 

patterns or relationships were observed in the paired-quadrat biplot for spring 2002 (Figure 27). 

Late Season 2002 

Due to spatial incongruity of data points, the minimum of three variables could not be 

found for late season 2002 to complete CCA. 
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DISCUSSION 

Introduction 

In recently disturbed temperate forest ecosystems, studies have demonstrated that cover, 

richness, and diversity of the understory are influenced by radiation, forest floor heterogeneity, 

excessive herbivory by white-tail deer, age, composition, and density of the overstory, and seed 

bank content. Other factors such as pH, coarse woody detritus, litter depth, and competition for 

resources may also be important; however, studies have produced inconsistent results. 

Cover, Richness, and Diversity- Late Season 2001 and 2002 

Values for cover appear to be well within the comparative range for the white pine forest 

type. Species richness within our stands was at the lower end of the range for comparable forests. 

Diversity appears to be elevated when compared with diversity in similar forests from across the 

region. These patterns for cover, richness, and diversity reflect the greater evenness in the 

understory. Selective tree harvesting, increased radiation, canopy gaps, forest floor 

heterogeneity, and lower levels of herbivory are largely responsible for these patterns. 

Mean cover per quadrat across all treatment units averaged 42% during late season 2001 

and 55% during late season 2002. In comparable studies of understory flora from the region, 

cover was lower on some sites, averaging 22-39% (Maguire and Forman 1983, Smidt and 

Puettmann 1998, Frelich et al. 2003) and comparable or higher on other sites, ranging from 50-

68% (Carleton et al. 1996, Walters and Reich 1997, Dovciak et al. 2001). 

There is a lack of information on the diversity of the herbaceous layer in white pine 

ecosystems because the successional trend is towards a northern hardwood forest (Kotar et al. 

1988). Therefore, studies in northern hardwood stands from both the Lakes States and the eastern 

United States are used to evaluate our results. 
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Diversity in our stands is generally higher than comparable forests within the region 

(Brosofske et al. 2001, Wetzel and Burgess 2001, Scheller and Mladenhoff 2002) even when 

larger plot sizes were utilized. One study that used a similar plot size in an eastern northern 

hardwood forest found a similar diversity to ours (Fredericksen et al. 1999). Late season 2001 

and 2002 mean richness by treatment unit were remarkably similar but were at the lower end of 

the range for northern hardwood forests in Wisconsin and Upper Michigan (Rogers 1981, 

Metzger and Schultz 1984, Brosofske et al. 2001, Crow et al. 2002, Miller et al. 2002, Scheller 

and Mladenoff 2002). These values were much lower than Frelich et al. (2003) found in white 

pine-hardwood forests of the Lakes States. 

Silviculture 

The shelterwood system utilized by foresters on the Menominee Reservation contains 

several techniques that are likely to promote increased cover, richness, and diversity in the 

understory. Techniques such as tree removal, which creates canopy openings, reduction of the 

hardwood intermediate layer, and soil scarification stimulate growth and reproduction and are 

especially beneficial to early successional species. These species-generally increase in the first 

10-15 years following disturbance then gradually decline (Hughes and Fahey 1991, Frederickson 

et al. 1999, Yorks et al. 2000, Crow et al. 2002, Roberts 2002, Scheller and Mladenoff2002, 

Buckley et al. 2003). 

Many studies have determined that the environmental conditions in harvest gaps increase 

the richness of the understory (Fredericksen et al. 1999, Crow et al. 2001, Wetzel and Burgess 

2001, Schumann et al. 2003). Removal of part of the canopy, in our stands to a level of 57-78% 

crown closure, increases the amount of light reaching herbaceous plants on the forest floor and 

stimulates growth (Brewer 1980, Chazdon and Pearcy 1991, Barnes et al. 1992, Scheller and 

Mladenoff 2002). Understory plants can display more robust growth characteristics including 
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height, leaflength, and leaf width under single and multiple tree openings (Collins and Pickett 

1988). Plant abundance is typically higher in young and mid-age gaps (similar to the age of gaps 

found in our units) than in older gaps (Anderson et al. 1969, Moore and Vankat 1986). 

In addition to enhanced light levels, other environmental factors also increase following 

the creation of a canopy opening. Maximum daily air temperature, litter and soil temperatures, 

nutrient availability, and soil moisture are commonly higher in canopy gaps compared to the 

surrounding intact forest (Collins et al. 1985, Moore and Vankat 1986, Hungerford and Babbit 

1987, Mladenoff 1987, Collins and Pickett 1988). Although these studies do not directly examine 

the effect of these environmental variables on understory growth, it is logical to surmise they 

contribute to plant growth. 

Mechanical equipment used for harvesting and mechanical scarification mixes (one 

compartment only) the seed bank, scarifies the soil, and brings seeds to the soil surface. The 

newly exposed soil provides a nutrient rich seedbed for germination and growth. In addition, 

canopy removal and intermediate layer reduction increases the amount of light, moisture, and 

warmth reaching newly uncovered and shallowly buried seeds. Seeds blown by the wind from 

adjacent sites, carried by mammals or insects, or ballistically dispersed also thrive on the newly 

exposed nutrient rich seed bed (Yorks 2002, Roberts 2004). 

Forest Floor Heterogeneity 

At least a small portion of the richness and diversity in this white pine forest can be 

attributed to a heterogeneous forest floor containing tip-up mounds and pits resulting from 

individual treefalls, varying sizes of coarse woody detritus, and large boulders. Discontinuity on 

the forest floor results in microclimates varying in light, moisture, temperature, and perhaps 

nutrients (Moore and Vankat 1986, Mladenoff 1987, Collins and Pickett 1988). Data related to 

plant composition and abundance near boulders, pit and mound locations, and fallen logs were 
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not collected; however, plants were frequently observed growing under these circumstances 

throughout our treatment units (B. Galbraith, personal observation). 

Pit and mound locations are important structural components of forests, creating new 

sites for colonization and enriching understory richness and diversity (Thompson 1980, Palmer et 

al. 2000, V ell end et al. 2000). Studies in comparable forest types demonstrate enhanced richness 

and diversity in and around pit and mound locations (Thompson 1980, Beatty 1984, Beatty and 

Sholes 1988, Palmer et al. 2000). 

Varying in composition, quantity, arrangement, and stage of decay, coarse woody detritus 

contributes to increased richness and diversity. The volume of coarse woody detritus found in 

our stands (91.9 and 86.4 m3/ha in 2001 and 2002, respectively) was well within the range found 

in studies of comparable forest types of the Great Lakes Region (McCarthy and Bailey 1994, 

Tyrrell and Crow 1994, Goodbum and Lorimer 1998, Brosofske et al. 2001). Coarse woody 

detritus has been frequently cited as a factor influencing understory plant abundance and 

composition in similar forest types (Bratton 1976, Thompson 1980, McGee and Birmingham 

1997, Lee and Sturgess 2001, Scheller and Mladenoff2002). It is important to a number of 

different biological processes including nutrient cycling, the accumulation of soil organic matter, 

and regeneration (Duvall and Grigal 1999). 

Although few studies exist on the subject, it is well known that herbaceous plants are 

commonly found beside, in a crevice, or on top of a boulder. The placement, size, and position of 

a boulder can create microclimates with varying light, temperature, and moisture regimes. In 

addition, leaf litter can accumulate on top of or beside a boulder, resulting in a sufficient growing 

medium for seeds (Bratton 1976). 

Pit and mound sites, coarse woody detritus, and boulders contribute to habitat 

heterogeneity by creating a wide range of micro-sites containing unique environmental 

107 



conditions. The occurrence of herbaceous species and increased richness can often be linked to 

these microsites. 

Lower Levels of Herbivory 

The majority of forest understories in the Midwest have been subjected to destructive 

amounts of grazing by over abundant white-tailed deer (Ross et al. 1970, Anderson and Loucks 

1979, Frelich and Lorimer 1985, Alverson et al. 1988, Anderson and Katz 1993, McCormick et 

al. 1993, Anderson 1994, Balgooyen and Waller 1995, Waller and Alverson 1997, Augustine and 

Frelich 1998). In a recent study, Rooney et al. (2004) identify the overabundance of deer as a 

primary factor contributing to the loss of species diversity and an increase in the homogeneity of 

understory vegetation in Wisconsin forests. Some species, such as hemlock (T. canadensis) and 

Canada yew (Taxus canadensis}, have been completely extirpated from the understories of some 

forest communities. 

Our study sites have been subjected to significantly less herbivory by white-tailed deer 

than other forest communities in northern Wisconsin. Liberal hunting regulations on the 

Menominee Reservation, including six month hunting seasons and full access to tribal forests by 

all tribal members, has kept the deer population at averages of 6-10 deer per square kilometer (D. 

Pubanz, personal communication 2002). It is likely the reduced herbivory has limited the 

extirpation of species on our sites and contributed to increased abundance and richness. 

Cover, Richness, and Diversity- Spring 2002 

Spring 2002 understory cover was at the lower end of the range for northern hardwood 

forests in Wisconsin and Upper Michigan. In comparable northern hardwood forests, at least one 

study by Rogers (1982) found a similar average for spring cover; however, Metzger and Schultz 

(1981) observed a much higher range of25-50%. Richness and diversity during the same time 

period were higher than observed ranges for comparable forests. Theses ranges were 
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considerably higher than documented in other studies in similar or related forest types (Overlease 

and Overlease 1976, Blanket al. 1980, Metzger and Schultz 1981, Rogers 1981, Goebel et al. 

1999). 

Lower plant abundance and greater richness may be explained by the similar but large 

degree of variation displayed at both the paired quadrat and treatment unit spatial scales. 

Contributing factors probably include the composition and age of the overstory, selective tree 

harvesting, canopy gaps, and the intermediate hardwood layer. In addition, higher richness may 

lead to lower abundance by resulting in less space for the growth of understory vegetation. 

The life history traits of spring ephemerals provide important background information 

regarding their abundance, richness, and diversity. Spring ephemerals primarily rely on 

vegetative reproduction for regeneration, including the use of corms, bulbs, and stolons. Many 

species have a non-flowering period lasting several years followed by several years of flower and 

seed production. High mortality is common for young plants and seed germination rates average 

50% (Bierzychudek 1982). Spring ephemerals are able to take advantage of increased light, 

nutrient availability, and soil moisture in the spring prior to trees leafing out (Muller 1978, 

Rogers 1982). 

Explanation for Spring Ephemeral Cover, Richness, and Diversity 

The studies used for the comparison of spring cover are from northern hardwood forests 

with deciduous canopies. During spring, herbaceous plants receive more light under deciduous 

canopies void of leaves in comparison to evergreen canopies (Ross et al. 1986). It is likely this 

factor largely accounts for decreased understory cover. 

Selective tree harvesting may affect spring ephemeral species differently than late 

summer herbs. Vernal species are more sensitive to logging practices and do not adapt well to a 

disturbed forest floor and increased radiation (Metzger and Schultz 1981, Duffy and Meier 1992, 
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Meier et al. 1995). Meier et al. (1995) propose that vernal herbs are unable to adapt to the 

changed microclimate on the forest floor and they are limited by their slow reproduction rates and 

poor dispersal strategies. A few studies examining the effects of logging on spring ephemeral 

populations report little or no decline in richness and diversity (Fredericksen et al. 1999, Goebel 

et al. 1999). In contrast, several authors have suggested that the environmental conditions in 

canopy gaps are important for the regeneration of spring ephemerals (Bratton 1976, Brewer 1980, 

Beatty 1984, Meier et al. 1995). These conditions (increased light, nutrient availability, and soil 

moisture) can be highly favorable for the growth these species. Meier et al. (1995) also found 

increased fruiting in gaps when compared to closed canopy forest. The lower abundance found 

on our study sites suggests that canopy gaps are not playing a primary role in understory 

vegetation dynamics. 

The composition and density of the intermediate layer may also be affecting the 

abundance and richness of spring ephemerals. Leaves do not appear on most hardwood saplings 

until the late spring, when most spring ephemerals have completed the majority of their growth. 

However, the early leaf appearance and degree of shading from sugar maple can restrict growth 

and reproduction (Brewer 1980). In at least five of our units (1, 3, 5, 9, 13), sugar maple was the 

most frequent component of the intermediate layer, providing 32% of the density (Cook and 

Galbraith, unpublished data). Although it is difficult to provide direct evidence or quantify, 

competition for belowground resources is probably occurring between the spring ephemerals and 

dense woody sapling layer (Berkowitz et al. 1995, Carleton et al. 1996, Miller et al. 2002). 

Similarity between Aboveground Vegetation 

The average degree of similarity in the understory layer was moderate and similar for all 

three time periods (36-37%). These values fall in the middle of the range of other comparable 

studies from the region (Rogers 1980, Rogers 1981, Scheiner and !stock's 1994) that used larger 
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stands for their studies. More distinct was the consistent similarity noted between treatment units 

regardless of their location. Units 1-7 were located almost 10 kilometers from Units 9-16, yet 

individual comparisons of treatment units still demonstrated consistent similarity. 

The selective tree harvesting that occurred across all treatment units to achieve 57-78% 

of residual crown closure increased the similarity of understory vegetation. Mechanical 

scarification and an herbicide treatment were implemented on units 1-7 and not in units 9-16. 

However, the degree of similarity between all units suggests that selective tree harvesting is the 

most important component. As previously discussed, increased radiation, environmental 

conditions in canopy gaps, and soil mixing promoted the germination and growth of understory 

plants. Many of the species contributing to this high degree of similarity are early successional 

species; therefore, the similarity may have changed during the past 10-15 years. 

Seed dispersal strategies of forest herbs, combined with the lack of catastrophic 

disturbance over the past 150 years, play an important role in the degree of similarity. Most 

forest herbs utilize methods of dispersal that result in very slow and migration across the 

landscape, with movement averaging 1-5 meters each year (Matlack 1994). Despite this rate, the 

lack of disturbance for more than a century has permitted them to make substantial gains in 

distribution. Many of the herbs found in the understory rely primarily on their seeds being 

dispersed by ants (Appendix 9). Many other taxa in this understory are self-dispersed (Appendix 

1 0). Although wind-dispersed seeds generally travel farther than those dispersed by ants or 

ballists, low wind speeds found in closed canopy forests still limit their migration (Matlack 1994). 

Migration distances of wind-dispersed species vary substantially based on the size, shape, and 

appendage of the seed, thus contributing to dissimilarity of understory vegetation. At smaller 

spatial scales such as a paired quadrat, ballistic or ant dispersal may create greater similarity. 
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This is contrary for treatment units, where these forms of dispersal contribute to dissimilarity over 

short time periods. 

Mammals, through ingestion or adhesion, are cited by Matlack (1994) as the most 

successful dispersers of forest woodland herbs. Baskin and Baskin (1998) observed seed adhered 

to fur or feathers resulted in transport from several meters to several kilometers. Species that 

adhere to the fur of animals, such as 0. claytonii, C. quadrisulcata, and G. aparine, are successful 

colonizers in forested communities (Sorenson 1986). Palatable species are ingested by a variety 

of mammals, including small mammals that travel relatively short distances (Abbot and Quink 

1969, McCormick and Meiners 2000) and others such as deer, bear, and birds that potentially 

travel several kilometers (Denslow 1986, Janssen 1976, Marchinton and Hirth 1984, Willson 

1986, Willson 1993b ). 

Seed Bank Composition and the Relationship between Aboveground and Belowground 

Vegetation 

The similarity between the seed bank and understory vegetation in our old-growth white 

pine stands was at the lower end of the range when compared to some studies in temperate forest 

ecosystems (Pyles 1989, Leckie et al. 2000, Pratt et al. 1984). However, some seed bank studies 

cite little or no relationship between aboveground vegetation and the seed bank (Archibold 1979, 

Oosting and Humphreys 1940, Schiffman and Johnson 1992, Thompson and Grime 1970). The 

average seed density in our stands was much greater than that found in a white pine stand of 

similar age in Maine by Olmsted and Curtis (1947). Studies in other temperate forest 

communities found similar or slightly greater seed densities (Pyles 1989, Leckie et al. 2000, 

Moore and Wein 1977, Scheiner 1988). A total of 46 taxa germinated from the seed bank 

samples collected in our stands, higher than the 20-39 taxa from other seed bank studies (Hyatt 

and Casper 2000, Qi and Scarratt 1998, Scheiner 1988, Whittle et al. 1988). Still Leckie et al. 
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(2000) and Pratt et al. (1984) found slightly higher species richness in their seed banks (49 and 

57, respectively). 

The moderate similarity between the seed bank and aboveground vegetation, as well as 

the elevated density and richness in this old growth white pine forest, appears to be largely driven 

by the selective tree harvesting that took place in our stands approximately 15 years earlier. Early 

successional forest herbs and shrubs, as well as weedy species, colonized the forest floor and 

became more abundant as a result of these activities. The forest herbs that have presumably 

occupied the site for more than a century were not well represented in the seed bank, yet they 

remain abundant in the understory. 

Other studies in temperate forests suggest that seed bank density is greatest in early to 

mid-successional secondary forests, declines as the stand progresses to a mature forest, and rises 

dramatically as mortality occurs in the canopy and early successional and pioneer species 

colonize gaps (Pickett and McDonnell1989). The selective harvesting that occurred over a 

decade ago in our stands simulates the overstory tree mortality that would have occurred in the 

white pine canopy within the next century. If the cutting had not taken place in the stands, it is 

likely the seed bank would have contained a lower density of seeds as found in other studies of 

mature stands with a limited disturbance history (Archibald 1979, Moore and Wein 1977, 

Olmsted and Curtis 1947). If canopy reduction, mechanical scarification, and herbicide 

treatments continue to be used as management techniques within these stands, the seed bank will 

remain elevated for 10-15 year intervals following the treatments largely due to an increase in 

early successional species. 

The two most abundant groups found in the seed bank were the weedy species and native 

herbs. Grasses and sedges, shrubs, unidentified species, and trees comprised the remainder of the 
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groups. Early successional pioneer species and non-native opportunistic plants dominated the 

majority of both the native herb and weedy categories, respectively, as in most studies. 

The native forest herbs found in the greatest quantities in both the seed bank and 

understory included the pioneer species P. cilinode, G. triflorum, and 0. stricta. These species 

were also observed aboveground in relatively modest quantities. S. ptycanthum, C. album, and C. 

fontanum were the most abundant weedy species found in the seed bank and were likely 

opportunists that invaded the stands following the selective tree harvesting that took place about 

15 years ago. Several species in this group, including S. oleraceus and S. ptycanthum, were not 

recorded in the herbaceous layer during summer sampling. Some of these species, such as C. 

fontanum, C. album, and S. ptycanthum, were observed infrequently and in small quantities and 

others, such as P. major and T officinale, had wide spread distribution (B. Galbraith, personal 

observation). 

The early successional shrubs D. lonicera, L. canadensis, Rubus spp., Rubus idaeus ssp. 

strigosus, and S. racemosa ssp. pubens, comprised a large quantity of the seed bank and each of 

these species was found in large quantities aboveground. Native shrubs such as Amelanchier 

spp., C. alternifolia, C. canadensis, Corylus spp., V. acerifolium, and V. rafinesquianum were 

documented during understory sampling but were not a component of the seed bank during 

germination tests. 

Rubus is often abundant in the seed banks oftemperate forests (Pyles 1989, Hyatt and 

Casper 2000, Leckie et al. 2000, Moore and Wein 1977, Olmsted and Curtis 1947, Whittle et al. 

1998). Seeds of Rubus are long-lived, do not require light for germination, effectively disperse, 

inhabit the litter, organic layer, and mineral soil, and retain their viability for up to 25 years under 

laboratory conditions; thus explaining their abundance in the seed bank and herbaceous layer on 

our study sites (Brinkman 1974, Whittle et al.1998). 
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A number of different species of Carex were particularly plentiful in the seed bank and 

aboveground vegetation, a characteristic common in numerous other seed bank studies (Pyles 

.1989, Kramer and Johnson 1987, Leckie et al. 2000, Olmsted and Curtis 1947, Qi and Scarratt 

1998, Scheiner 1988). Very little is understood regarding how different species of this genus 

function in forested ecosystems; however, it is reasonable to speculate that the variety of species 

fill different niches. Vellend et al. (2000) determined that environmental heterogeneity and 

microhabitat preferences were important for diversity of the taxa Carex in an old-growth 

temperate forest. 

Native forest herbs that were common in the understory layer were not well represented 

in the seed bank. Only a few species, such as E. graminifolia, G. maculatum, and M. canadense, 

were present in very small quantities. Schiffman and Johnson (1989) suggested that seeds of 

most forest herbs are relatively short-lived, lasting only one to two years in the humus layer. This 

trait, plus the small number of forest herbs in the seed bank, probably reflects their environmental 

tolerances (Bierzychudek 1982) and probability of migration through secondary dispersal. 

The seed bank contained eight taxa of vernal herbs (Arisaema triphyllum, Corydalis 

sempervirens, Dicentra spp., Hepatica acutiloba, Hydrophyllum virginianum, Ranunculus spp., 

Uvularia sessilifolia, and Viola spp.)~ something not commonly observed in other seed bank 

studies (Abrahamson 1980, Leckie et al. 2000, Olmsted and Curtis 1947, Scheiner 1988). Only 

one other study from a boreal mixed-wood forest found a handful of vernal species emerging 

from seed bank samples (Qi and Scarratt 1998). It has been suggested that vernal species do not 

produce a persistent seed bank because of the organs (bulbs, stolons, and corms) commonly relied 

on for asexual reproduction (Abrahamson 1980). Furthermore, many vernal species take 

advantage of the high light environment and nutrient availability offered in the spring before the 

trees leaf out, leaving little benefit to seed bank storage (Rogers 1982). Although difficult to 
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determine, it is possible that our study sites contained more vernal species due to moderate 

amounts of secondary dispersal by ants (B. Galbraith, personal observation). 

As noted in other studies, the seed bank contained an exceptionally low quantity of tree 

species even though tree seedlings were abundant in the forest understory (Kramer and Johnson 

1987, Leckie et al. 2000, Pratt et al. 1984, Scheiner 1988, Schiffman and Johnson 1992). Only a 

few seedlings of A. rubrum, Betula spp., P. pensylvanica, and P. serotina resulted from seed bank 

samples. Although P. strobus dominates the overstory, it is noticeably absent in the seed bank, as 

observed in many other studies of conifer-dominated stands (Granstrom 1982, Johnson 1975, 

Kellman 1970, Whittle et al. 1998). 

The size, shape, and longevity of the seeds dispersed throughout our study site also have 

an influence on seed bank density. As suggested by Bekker et al. (1998), many of the weedy 

species inhabiting the seed bank on our site are small, compact seeds with smooth seed coats (C. 

fontanum, C. album, C. glaucum, and P. major). It is possible that many of the herbaceous 

species commonly observed or recorded during understory sampling do not occupy the seed bank 

due to the large size of their seed (A. spinosa, C. borealis, and M repens). 

Environmental Factors Driving Understory Composition 

Environmental variables that were potentially affecting understory abundance, richness, 

and diversity were tested using multiple regression and Canonical Correspondence Analysis 

(CCA). Multiple regression at the treatment unit level did not produce any significant equations; 

however, analyses at the paired quadrat level disclosed some information about the factors 

affecting understory vegetation and the environmental preferences of some taxa. 

Late Season Cover 

Analyses indicated that pH, litter depth, seed bank richness and diversity, and seedling 

densities significantly influenced late season 2001 and 2002 cover. 
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The soil pH appears to have a small influence on understory cover. This is not surprising 

because some other studies have reported no effect and others have reported a small but 

significant relationship (Goebel et al. 1999, Yorks et al. 2000, Brosofske et al. 2001, Legare 

2001 ). There was a positive, significant relationship displayed by soil pH and late season 2001 

richness and at least some of the variation in late season 2001 cover was accounted for by soil pH 

(Table 18). The average soil pH observed in our stands was 5.0, falling at the lower end of the 

range observed in 23 mesic northern hardwood stands in northwest Michigan (Overlease and 

Overlease 1976). Soil pH in white pine dominated forests is more acidic than forests dominated 

by mature hardwoods (Alway et al. 1933, Brosofske et al. 2001). As pH decreases, 

mineralization and decomposition also decline, releasing fewer nutrients and potentially 

impacting understory richness and diversity. At least one other study has also demonstrated that 

variation in understory richness and diversity were explained by soil pH (Brosofske et al. 2001 ). 

Several other studies do not identify a relationship between soil pH and understory cover and 

richness (Goebel et al. 1999, Legare 2001, Yorks et al. 2000). 

Increasing litter depth demonstrates a negative influence on understory cover and 

richness in our study sites as noted in other studies (Brosofske et al. 2001, Collins 1990, Sydes 

and Grime 1981a). Late season 2002 cover, in particular, appears to be strongly influenced by 

increasing litter depths at both the treatment unit and paired quadrat levels (Tables 12 and 15). At 

least some of the variation in understory cover was also influenced by litter depth during late 

season 2001 (Table 18). Increasing litter depths directly affect the growth and establishment of 

understory vegetation by blocking or shading young and emerging seedlings. The depth of litter 

also impacts soil moisture and temperature thus varying the environmental conditions important 

for growth and establishment (Beatty and Sholes 1988). 
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In contrast to the overall pattern noted above, increasing litter depths do not appear to 

inhibit the growth of early successional species (Sydes and Grime 1981 a). In the late season 

2001 biplot, early successional species responded favorably to increased litter depth including P. 

cilinode, Ribes spp., R. hispidus, Rubus idaeus, Rubus spp., and S. racemosa (Figure 24). In 

addition, the seeds of many early successional species, such as Rubus, have relatively good 

longevity in the litter and soil when compared with many of the forest herbs (Brinkman 1974). 

It is evident that localized differences in seed bank richness and diversity apparently 

contribute to greater cover thus these species must have come in shortly after the harvest and had 

time to grow, reproduce, and replenish the seed bank. Significant, positive correlations were 

demonstrated between late season 2001 cover and seed bank richness and diversity (Table 15). 

This group is only one component of the flora, accounting for approximately 15-20% of the 

variation in late season 2001 cover (Table 16). CCA also suggests that seed bank diversity is 

responsible for at least some ofthe variation in late season 2001 cover (Table 18). 

Woody seedling densities negatively impact the abundance of late season vegetation 

through shading and competition for both belowground and aboveground resources (Carleton et 

al. 1996, Maguire and Forman 1983, Riegel et al. 1992, Smidt and Puettmann 1998). The most 

abundant woody seedling on our sites was overwhelmingly A. saccharum regardless of the time 

period, followed by A. rubrum and B. alleghaniensis. Miller et al. (2002) determined the 

occurrence of several ground layer species was negatively affected by maple seedling densities. 

It is also important to consider that many of the woody species in the herbaceous layer, including 

sugar maple, are shade tolerant and thrive in the low-light conditions provided by the canopy. 
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Spring Cover 

Analyses indicated that pH, litter depth, seed bank richness and diversity, and seedling 

densities impacted spring cover. Each of these variables contributed to the composition of our 

white pine stands during the spring time period. 

Evidence indicates that soil pH negatively impacted the cover of spring vegetation. Few 

studies specifically investigate the relationship between soil pH and spring vegetation; however, 

some studies have linked the abundance and distribution of spring ephemeral species to increased 

nutrient availability, particularly nitrogen and potassium (Blanket al. 1980, Muller 1978, 

Overlease and Overlease 1976, Rogers 1982). The soil pH in our stands (5.0) suggests that 

mineralization and decomposition are decreasing, thus providing fewer nutrients to plants. In a 

mesic hardwood forest, Blanket al. (1980) demonstrated the net uptake of nutrients by the spring 

ephemeral community averaged 5.5 and 4.5 kg/hectare for nitrogen and potassium, respectively. 

The uptake of calcium, phosphorous, magnesium, and sodium each resulted in less than 1.8 

kg/hectare. Following uptake, these nutrients are released back into the system through 

senescence of shoots and leaftissue (Muller 1978). 

Increasing litter depth appears to affect spring cover in our stands negatively. In CCA 

biplots, many spring ephemeral species, including A. quinquefolia, Dicentra spp., H. americana, 

P. pubescens, S. roseus, Trillium spp., U grandiflora, U sessilifolia, and V. pubescens responded 

to decreased litter depth (Figure 26). In a study of spring vegetation in hardwood stands 

throughout the Great Lakes Region, slow rates of litter decomposition resulted in sparse 

populations of vernal herbs. Rogers (1982) speculates that deep leaflitter simply shades plants 

that have high requirements for light. An increased abundance of herbs was observed by Rogers 

(1982) on mound locations void of deep litter, rather than in pits. Beals and Cope (1964) also 

found a lack of vernal herbs on sites with deep leaf litter in central Indiana woodlands. At least 
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two other studies have speculated that litter removal may have assisted the survival of seedlings 

otherwise blocked and shaded (Beatty and Sholes 1988, Rogers 1982). 

Seed bank richness and diversity increased the cover, richness, and diversity of spring 

ephemerals. The early successional species that occurred in our stands were present during late 

summer rather than early spring largely because of the environmental conditions necessary for 

growth and establishment. Therefore, early successional species from the seed bank are not 

contributing to increased spring cover as they did for late summer cover. Unlike many other 

studies, our seed bank contained a moderate amount of spring ephemeral seeds (Abrahamson 

1980, Leckie et al. 2000, Olmsted and Curtis 1947, Scheiner 1988). It has been widely suggested 

that vernal species do not produce a persistent seed bank because they rely on asexual 

reproduction for regeneration (Abrahamson 1980). It is possible that our stands are unique, with 

the persistent seed bank supplying seeds for the germination and establishment of spring 

ephemeral species. 

Woody seedling densities appear to be impacting the abundance of spring vegetation; 

however it is difficult to determine whether this is a positive or negative relationship. As 

discussed for late season vegetation, woody seedlings can affect the composition of the 

herbaceous layer through shading and competition for both belowground and aboveground 

resources (Carleton et al. 1996, Maguire and Forman 1983, Riegel et al. 1992, Smidt and 

Puettmann 1998). In contrast, most woody seedlings should remain dormant during the early 

spring months, requiring very little radiation or nutrients. It is possible that the spring ephemerals 

and woody seedlings on our sites can coexist based on their need for similar resources during 

different time periods. 
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Conclusions 

Paired quadrats did not form any particular assemblages based on vegetation type or 

.treatment unit for either time period (Figures 25 and 27). This further supports the moderate 

degree of similarity bewteen and heterogeneity within treatment units, regardless of the distance 

between treatment units. It appears the slow but steady dispersal of forest herbs over the last 150 

years and the use of similar silvicultural practices within each stand are the greatest contributors 

to this moderate level of similarity. 

Multiple regression and CCA indicated that the environmental factors examined 

contribute only a small amount to the causes of understory abundance, richness, and diversity. 

Factors that were not considered or tested could have a major role and should be further 

investigated. Some of these factors include forest floor heterogeneity, reduced herbivory, the 

importance of canopy gaps, interspecific competition, effects of the intermediate layer, overstory 

density, and seed dispersal strategies. 

The understory in this mesic white pine forest is not a steady state assemblage due to the 

selective tree harvesting that took place about 15 years ago. The community is composed of both 

forest woodland herbs that have been in place for over a century and ruderal species that appeared 

as a result of the recent harvesting activities. Therefore, the plants in this understory community 

do not have identical life history requirements or environmental tolerances with composition 

being driven by a variety of different factors. 
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APPENDICES 

APPENDIX ONE. Species present in the intermediate layer in 404.7 m2 sub-plots in late season 
2001. Nomenclature follows Gleason and Cronquist (1991). 

Shrubs 
Amelanchier spp. 
Comus altemifolia 
Corylus comuta 
Hamamelis virginiana 

Trees 
Abies balsamea 
Acerrubrum 
Acer saccharum 
Acer spicatum 
Betula alleghaniensis 
Betula papyrifera 
Carpinus caroliniana 
Carya cordiformis 
Fagus grandifolia 
Fraxinus americana 
Juglans nigra 
Ostrya virginiana 
Pinus strobus 
Populus grandidentata 
Populus tremuloides 
Prunus pensylvanica 
Prunus serotina 
Prunus virginiana 
Quercus rubra 
Rhus typhina 
Sambucus racemosa ssp. pubens 
Sorbus americana 
Tilia americana 
Tsuga canadensis 
Ulmus americana 
Ulmusrubra 
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APPENDIX TWO. Shrubs present in the understory layer in late season 2001 and 2002. 
Nomenclature follows Gleason and Cronquist (1991). 

Acer spicatum 
. Corylus comuta 
Dirca palustris 
Hamamelis virginiana 
Lonicera canadensis 
Ribes triste 
Sambucus racemosa ssp. pubens 
Viburnum acerifolium 

123 



--- ----------------

APPENDIX THREE. Species emerging from seed bank samples collected in late season 2001. 
Nomenclature follows Gleason and Cronquist (1991). 

Trees 
Acerrubrum 
Betula spp. 

( 

Prunus pensylvanica 
Prunus virginiana 

Grasses and Sedges 
Agrostis perennans 
Carex spp. 
Digitaria ischaemum ', 
Juncus spp. 
Oryzopsis asperifolia 

Shrubs 
Diervilla lonicera 
Lonicera canadensis 
Rubus spp. 
Rubus idaeus ssp. strigosus ,, 
Sambucus racemosa ssp. pubens 

Forbs 
Arisaema triphyllum C 
Aster spp. 
Cerastium fontanum 
Chenopodium album 
Chenopodium glaucum 
Circaea alpina 
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Conyza canadensis 
Corydalis sempervirens 
Dicentra spp. 
Epilobium ciliatum 
Erechtites hieracifolia r 

Euthamia graminifolia 
Galium triflorum 
Geranium bicknellii 
Geranium maculatum 
Hepatica acutiloba 1 ~ 
Hieracium spp. 
Hydrophyllum virginianum ~~ 
Maianthemum canadense 
Oxalis stricta 
Plantago major 
Polygonum cilinode 
Potentilla norvegica 
Ranunculus spp. 
Rumex obtusifolius c 
Solanum ptycartthum . 
Solidago spp. '.:J 

Sonchus oleraceus 
Taraxacum officinale 1: 
Trifolium repens b 

Uvularia sessilifolia !) 

Viola spp. 



APPENDIX FOUR. Species present in the understory layer in treatment units in late season 
2001. Nomenclature follows Gleason and Cronquist (1991). 

Trees 
:Acer rubrum 
Acer saccharum 
Acer spicatum 
Betula alleghaniensis 
Betula papyrifera 
Carya cordiformis 
Fagus grandifolia 
Fraxinus americana 
Ostrya virginiana 
Pinus strobus 
Prunus pensylvanica 
Prunus virginiana 
Quercus rubra 
Tilia americana 
Tsuga canadensis 
Ulmusrubra 

Shrubs 
Comus altemifolia 
Corylus comuta 
Diervilla lonicera 
Dirca palustris 
Hamamelis virginiana 
Lonicera canadensis 
Ribes spp. 
Ribes triste 
Rubus allegheniensis 
Rubus hispidus 
Rubus idaeus ssp. strigosus 
Rubus spp. 
Sambucus racemosa ssp. pubens 
Viburnum acerifolium 
Viburnum rafinesquianum 

Grasses and Sedges 
Brachyelytrum erectum 
Calamagrostis canadensis 
Carex pensylvanica 
Carex spp. 
Luzula acuminata 
Oryzopsis asperifolia 
Poa spp. 
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Forbs 
Actaea spp. 
Anemone quinquefolia 
Aralia hispida 
Aralia nudicaulis 
Aralia spinosa 
Arisaema triphyllum 
Aster macrophyllus 
Aster spp. 
Aster umbellatus 
Athyrium felix-femina 
Botrychium virginianum 
Caulophyllum thalictroides 
Circaea alpina 
Circaea lutetiana 
Clintonia borealis 
Coptis groenlandica 
Cryptotaenia canadensis 
Desmodium glutinosum 
Dryopteris carthusiana 
Dryopteris intermedia 
Fragaria virginiana 
Galium aparine 
Galium tri:florum 
Hepatica acutiloba 
Hepatica americana 
Hydrophyllum virginianum 
Lactuca spp. 
Laportea canadensis 
Lycopodium annotinum 
Lycopodium clavatum 
Lycopodium lucidulum 
Lycopodium obscurum 
Lycopodium spp. 
Maianthemum canadense 
Mitchella repens 
Mitella diphylla 
Mitella nuda 
Osmorhiza claytonii 
Osmorhiza longistylis 
Oxalis stricta 
Pilea pumila 
Plantago major 
Polygala paucifolia 
Polygonatum bi:florum 



---------

Appendix four continued ... 

Polygonatum pubescens 
Polygonum cilinode 
Pyrola elliptica 
Pyrola rotundifolia 
Smilacina racemosa 
Smilax hispida 
Streptopus roseus 
Taraxacum officinale 
Thalictrum dioicum 
Trientalis borealis 
Trillium grandiflorum 
Urtica dioica 
Uvularia grandiflora 
Uvularia sessilifolia 
Viola spp. 
Waldsteinia fragarioides 

126 



--------------------------- ---

APPENDIX FIVE. Species present in the understory layer in treatment units in spring 2002. 
Nomenclature follows Gleason and Cronquist (1991) . 

. Trees 
Acerrubrum 
Acer saccharum 
Acer spicatum 
Betula spp. 
Betula papyrifera 
Carya cordiformis 
Fagus grandifolia 
Fraxinus americana 
Ostrya virginiana 
Pinus strobus 
Prunus pensylvanica 
Prunus virginiana 
Quercus rubra 
Tilia americana 
Tsuga canadensis 
Ulmusrubra 

Shrubs 
Corylus spp. 
Comus altemifolia 
Diervilla lonicera 
Dirca palustris 
Hamamelis virginiana 
Lonicera canadensis 
Ribes spp. 
Ribes triste 
Rubus spp. 
Rubus flagellaris 
Sambucus racemosa ssp. pubens 
Viburnum acerifolium 
Viburnum rafinesquianum 

Grasses and Sedges 
Brachyelytrum erectum 
Calamagrostis canadensis 
Carex pensylvanica 
Carex spp. 
Luzula acuminata 
Oryzopsis asperifolia 
Poa spp. 

Forbs 
Actaea spp. 
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Adiantum pedatum 
Botrychium virginianium 
Allium tricoccum 
Anemone quinquefolia 
Aralia spp. 
Aralia hipsida 
Aralia racemosa 
Arisaema triphyllum 
Aster macrophyllus 
Aster spp. 
Aster umbellatus 
Athyrium felix-femina 
Caulophyllum thalictroides 
Circaea alpina 
Circaea lutetiana 
Clintonia borealis 
Coptis groenlandica 
Cryptotaenia canadensis 
Desmodium glutinosum 
Dicentra spp. 
Dryopteris carthusiana 
Dryopteris spinulosa 
Dryopteris spp. 
Erigeron spp. 
Fragaria virginiana 
Galium aparine 
Galium triflorum 
Hepatica acutiloba 
Hepatica americana 
Hydrophyllum virginianum 
Lactuca spp. 
Laportea canadensis 
Lycopodium annotinum 
Lycopodium clavatum 
Lycopodium lucidulum 
Lycopodium obscurum 
Lycopodium spp. 
Maianthemum canadense 
Mitchella repens 
Mitella diphylla 
Mitella nuda 
Osmorhiza claytonii 
Oxalis stricta 



Appendix five continued ... 

Panax quinquefolia 
Pilea pumila 
Plantago major 
Polygala paucifolia 
Polygonatum biflorum 
Polygonatum pubescens 
Polygonum cilinode 
Pyrola elliptica 
Pyrola rotundifolia 
Sanguinaria canadensis 
Smilacina racemosa 
Smilax hispida 
Solidago flexicaulis 
Streptopus roseus 
Taraxacum officinale 
Thalictrum dioicum 
Trientalis borealis 
Trillium grandiflorum 
Urtica dioica 
Uvularia grandiflora 
Uvularia sessilifolia 
Viola spp. 
Viola pallens 
Viola pubescens 
Waldsteinia fragarioides 

128 



APPENDIX SIX. Species present in the understory layer in treatment units in late season 2002. 
Nomenclature follows Gleason and Cronquist (1991). 

Trees 
Abies balsamea 
Acer spp. 
Acerrubrum 
Acer saccharum 
Acer spicatum 
Betula alleghaniensis 
Betula papyrifera 
Carpinus caroliniana 
Carya cordiformis 
Fagus grandifolia 
Fraxinus americana 
Ostrya virginiana 
Pinus strobus 
Prunus pensylvanica 
Prunus serotina 
Prunus virginiana 
Quercus rubra 
Tilia americana 
Tsuga canadensis 
Ulmus rubra 
Urtica dioica 

Shrubs 
Amelanchier spp. 
Comus altemifolia 
Comus canadensis 
Corylus spp. 
Diervilla lonicera 
Dirca palustris 
Hamamelis virginiana 
Lonicera canadensis 
Ribes spp. 
Ribes triste 
Rubus allegheniensis 
Rubus hispidus 
Rubusidaeusssp. strigosus 
Rubus spp. 
Sambucus racemosa ssp. pubens 
Viburnum acerifolium 
Viburnum rafinesquianum 

Grasses and Sedges 
Brachyelytrum erectum 
Calamagrostis canadensis 
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Carex pensylvanica 
Carex spp. 
Luzula acuminata 
Oryzopsis asperifolia 
Poa spp. 

Forbs 
Actea spp. 
Adiantum pedatum 
Anemone quinquefolia 
Aralia nudicaulis 
Aralia hispida 
Aralia racemosa 
Arisaema atrorubens 
Arisaema triphyllum 
Aster macrophyllus 
Aster spp. 
Aster umbellatus 
Athyrium felix-femina 
Botrychium virginianum 
Caulophyllum thalictroides 
Cerastium arvense 
Chenopodium album 
Circaea alpina 
Circaea lutetiana 
Clematis virginiana 
Clintonia borealis 
Coptis groenlandica 
Cryptotaenia canadensis 
Desmodium glutinosum 
Dryopteris carthusiana 
Dryopteris intermedia 
Fragaria vesca 
Fragaria virginiana 
Galium aparine 
Galium triflorum 
Gaultheria hispidula 
Gaultheria procumbens 
Gymnocarpium dryopteris 
Hepatica acutiloba 
Hepatica americana 
Hydrophyllum virginianum 
Lactuca spp. 
Laportea canadensis 



Appendix six continued ... 

Leonurus cardiaca 
Lycopodium annotinum 
Lycopodium clavatum 
Lycopodium lucidulum 
Lycopodium obscurum 
Lycopodium spp. 
Maianthemum canadense 
Mitchella repens 
Mitella diphylla 
Mitella nuda 
Osmorhiza claytonii 
Osmorhiza longistylis 
Osmunda claytoniana 
Oxalis stricta 
Panax quinquefolius 
Panax trifolius 
Phegopteris connectilis 
Pilea pumila 
Plantago major 
Polygala paucifolia 
Polygonatum biflorum 
Polygonatum pubescens 
Polygonum cilinode 
Prunella vulgaris 
Pyrola elliptica 
Pyrola rotundifolia 
Sanguinaria canadensis 
Sanicula canadensis 
Smilacina racemosa 
Smilax tamnoides 
Solidago flexicaulis 
Solidago spp. 
Streptopus roseus 
Taraxacum officinale 
Thalictrum dioicum 
Thelypteris palustris 
Trientalis borealis 
Trillium grandiflorum 
Uvularia grandiflora 
Uvularia sessilifolia 
Viola pubescens 
Viola spp. 
Waldsteinia fragarioides 
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APPENDIX SEVEN. Species codes for late season CCA biplots. Nomenclature follows 
Gleason and Cronquist (1991). 

Acerub Acerrubrum 
Ace sac Acer saccharum 
Acespi Acer spicatum 
Acespp Acer spp. 
Aneque Anemone quinquefolia 
Ararac Aralia nudicaulis 
Araspi Aralia racemosa 
Ariatr Arisaema atrorubens 
Aritri Arisaema triphyllum 
Astmac Aster macrophyllus 
Athfel Athyrium felix-femina 
Betspp. Betula spp. 
Carp en Carex pensylvanica 
Carspp. Carex spp. 
Clibor Clintonia borealis 
Copgro Coptis groenlandica 
Corcor Corylus cornuta 
Corspp. Corylus spp. 
Desglu Desmodium glutinosum 
Dielon Diervilla lonicera 
Dirpal Dirca palustris 
Dryint Dryopteris intermedia 
Faggra Fagus grandifolia 
Frapen Fraxinus pensylvanica 
Galapa Galium aparine 
Galtri Galium triflorum 
Ambil Hamamelis virginiana 
Hepacu Hepatica acutiloba 
Hepame Hepatica americana 
Hydvir Hydrophyllum virginianum 
Lon can Lonicera canadensis 
Lycluc Lycopodium lucidulum 
Lycobs Lycopodium obscurum 
Lycspp. Lycopodium spp. 
Maican Maianthemum canadense 
Mitrep Mitchella repens 
Mitdip Mitella diphylla 
Oryasp Oryzopsis asperifolia 
Osmcla Osmorhiza claytonii 
Osmlon Osmorhiza longistylis 
Pilpum Pilea pumila 
Pinstr Pinus strobus 
Polbif Polygonatum biflorum 
Pol pub Polygonatum pubescens 
Polcil Polygonum cilinode 

Pyrrot 
Que rub 
Ribspp. 
Rub all 
Rub his 
Rubida 
Rubspp. 
Samrac 

Strros 
Taroff 
Tilame 
Tribor 
Trispp. 
Uvugra 
Uvuses 
Vibace 
Vibden 
Viospp. 
Walvir 
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Pyrola rotundifolia 
Quercus rubra 
Ribes spp. 
Rubus alleghaniensis 
Rubus hispidus 
Rubus idaeus ssp. strigosus 
Rubus spp. 
Sambucus racemosa 
ssp. pubens 
Streptopus roseus 
Taraxacum officinale 
Tilia americana 
Trientalis borealis 
Trillium spp. 
Uvularia grandiflora 
Uvularia sessilifolia 
Viburnum acerifolium 
Viburnum rafinesquianum 
Viola spp. 
Waldsteinia fragarioides 



APPENDIX EIGHT. Species codes for spring 2002 CCA biplots. Nomenclature follows 
Gleason and Cronquist (1991) 

Acerub 
Ace sac 
Aneque 
Carpen 
Carspp. 
Copgro 
Corspp. 
Dicspp. 
Dielon 
ferfro 
Galtri 
Hepacu 
Hepame 
Lon can 
Lycluc 
Maican 
Mitdip 
Mitrep 
Oryasp 
Osmcla 
Pinstr 
Polcil 
Pol pub 
Querub 
Ribspp. 
Rubspp. 
Samrac 

Strros 
Taroff 
Tribor 
Trispp. 
Uvugra 
Uvuses 
Vibace 
Vi opal 
Viopub 
Viospp. 

Acerrubrum 
Acer saccharum 
Anemone quinquefolia 
Carex pensylvanica 
Carex spp. 
Coptis groenlandica 
Corylus spp. 
Dicentra spp. 
Diervilla lonicera 
fern fronds 
Galium triflorum 
Hepatica acutiloba 
Hepatica americana 
Lonicera canadensis 
Lycopodium lucidulum 
Maianthemum canadense 
Mitella diphylla 
Mitchella repens 
Oryzopsis asperifolia 
Osmorhiza claytonii 
Pinus strobus 
Polygonum cilinode 
Polygonatum pubescens 
Quercus rubra 
Ribes spp. 
Rubus spp. 
Sambucus racemosa 
ssp. pubens 
Streptopus roseus 
Taraxacum officinale 
Trientalis borealis 
Trillium spp. 
Uvularia grandiflora 
Uvularia sessilifolia 
Viburnum acerifolium 
Viola pallens 
Viola pubescens 
Viola spp. 

132 



APPENDIX NINE. Ant dispersed understory taxa found within study sites (Beattie and Culver 
1981, Handel et al. 1981, Thompson 1981 ). 

Carex spp. 
Claytonia virginica 
Corydalis spp. 
Dicentra spp. 
Erythronium americanum 
Hepatica acutiloba 
Luzula spp. 
Sanguinaria canadensis 
Trillium spp. 
Uvularia grandifloria 
Uvularia perfoliata 
Viola spp. 
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APPENDIX TEN. Self-dispersed understory taxa found within study sites (van der Pijl1972). 

Claytonia virginica 
Geranium spp. 
Lycopodium spp. 
Oxalis spp. 
Pilea spp. 
Polygonum spp. 
Prunella spp. 
Viola spp. 
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