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Abstract 

During the summers of 1992 and 1993 a study took place to determine the 

regeneration potential and competition level of six upland habitat types common to 

north-central Wisconsin. The six types reflected a gradient of dry, nutrient poor to 

mesic, nutrient rich types. Regeneration densities of small ( < 25 cm) and large 

seedlings (25 cm - sapling height), height growth (Acer spp. only), and recruitment 

from the seedling to sapling size class were measured. Total above-ground 

biomass and total cover of all vascular plants < 1. 0 m tall, soil moisture, and light 

levels were measured to determine the effect of competition on seedling densities. 

In addition, several variables describing the physical microenvironment that a 

seedling experiences were measured. 

Neither small or large seedling densities varied significantly by habitat type. 

However, the density of small seedlings tended to increase with site quality, while 

the density of large seedlings were greatest in stands of intermediate site quality. 

Furthermore, the density of small seedlings varied considerably between years on 

the two poorest quality habitat types. This was attributed to precipitation 

differences during the growing season. It was hypothesized that soil moisture 

limited large seedling densities on the poorest sites, whereas light was limiting on 

the richest sites. Acer rubrum dominated seedling composition in the poorest 

three habitat types, shared dominance with Acer saccharum at a transitional type, 

and Acer saccharum dominated the richest two habitat types. Maple species 

accounted for 65-99% of all small seedlings found within a habitat type and 53-

93% of all large seedlings. Maple dominance was related to their large seed 

production, favorable germination strategies, and shade tolerance. 

Attempts to explain seedling densities at the microenvironmental scale were 

not very successful. However, several overstory variables were identified as 

strongly affecting seedling densities. Regression analysis of 1992 data resulted in 
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significant correlations of small seedling density with maple basal area, conifer 

basal area, and overstory richness. However, in 1993 only maple basal area and 

total basal area were significantly correlated with small seedling density. Annual 

precipitation differences are hypothesized as affecting the variables found 

significant to the density of small seedlings. Species richness oflarge seedlings 

was identified as the only variable correlated with densities oflarge seedlings. 

The results of this study suggest that competition has little effect on the 

density of small seedlings in relatively mature stands in northern Wisconsin. Total 

above-ground biomass was significantly correlated to small seedling densities in 

1992 (r= -.25, p= .001), and total vascular cover was significantly correlated to the 

density of small acer saccharum seedling densities in 1993 (r= -.14, p= .001). In 

addition, no link between resource levels (soil moisture and light) and seedling 

densities was found. 

Acer rubrum grew significantly faster than Acer saccharum seedlings. In 

addition, Acer rubrum grew faster on AQV sites (poorer type) than the PMV type. 

This was linked to the greater light levels found in AQV stands. Acer saccharum 

grew significantly faster on the richest habitat type than the intermediate type. 

Recruitment could not be statistically assessed between types because the data 

represent only the first year of a four year study. However, the total rate of 

recruitment (1.7%) was similar to the rate reported by Good and Good (1972) for 

an eastern hardwood forest. 
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INTRODUCTION 

Habitat type classification is a system oflandscape classification based on 

potential natural vegetation (Kotar 1986). Habitat type classification systems have 

several applications in resource management and especially forest management. 

Their primary use by resource managers is to identify forested sites with differing 

biological potentials. These sites, referred to as habitat types, are defined as any 

land unit capable of supporting a particular type of climax plant association, 

following the polyclimax theory (Kotar 1986). 

Habitat type classification systems have been a widely used and accepted 

tool in the western states. Beyond the West, only two habitat type classification 

systems have been developed. Coffinan and his associates (1983) developed a 

classification system for the Upper Peninsula of Michigan and extreme 

northeastern Wisconsin. Kotar et al. (1988) developed a classification system for 

northern Wisconsin. Future plans are to complete an entire classification of 

Wisconsin (J. Kotar pers. communication). 

The broad objective of this study was to compare regeneration potential 

and competition among the six major habitat types found in Region Three (Forest, 

Florence, Oneida, and Vilas Counties) of northern Wisconsin (Kotar et al 1988). 

It was hypothesized that as the level of moisture and nutrients increased on these 

six habitat types the level of competition would also increase. Also, it was 

hypothesized that significant differences in regeneration densities, growth rates, 

and recruitment rates exist among these six habitat types. The specific objectives 

of this study were to: ( 1) quantify and compare regeneration abundance and 

growth rates of potential overstory species, (2) quantify and compare recruitment 

rates from the seedling to the sapling size class (stratum) for potential overstory 

species, (3) quantify and compare the understory competition level, (4) contrast 

the radiation environment in the understory, and (5) relate the availability of 
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resources (water, light, and nutrients) to regeneration abundance, composition, 

growth rate, and recruitment on six upland habitat types in northern Wisconsin. 
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LITERATURE REVIEW 

This literature review is divided into two major sections. The first is a 

discussion of habitat type classification systems. This section is divided into four 

subsections: (1) history and concepts of habitat type classification systems, (2) 

ecological basis for habitat type classification, (3) limitations of habitat type 

classification systems, and ( 4) silvicultural uses of habitat type classification 

systems. A thorough discussion of each topic is included with the objective of 

providing the reader with a basic understanding of habitat type classification. The 

second section is a discussion of the processes being measured: (1) forest 

regeneration, (2) recruitment, and (3) competition. 

History and Concept of Habitat Type Classification 

Natural resource managers need a workable land classification system to 

simplify management decisions. Historically, cover type and site index have been 

used for this purpose. However, cover type is limited because it provides little 

information on the biological potential of a site. Habitat types have the advantage 

of being fairly permanent, whereas cover types change. Site index is limited by its 

lack of accuracy and applicability (Daubenmire 1976, Coffman and Kotar 1983). 

Site index only informs the user how a given species has been performing over a 

specific period. It is also difficult to extrapolate to other species. For a 

comprehensive discussion of associated problems see Daubenmire (1976). 

Morosov (1898, in Daubenmire 1989), a Russian forester, was the first to 

discuss the use of vegetation as an indicator of site quality. His work received 

only localized attention because it was not translated into English. Cajander 

(1926, in Daubenmire 1989), a Finnish forester, developed the first vegetation 

classification system similar to present day habitat type systems. He classified 

Finland's forest communities on the basis of the herbs, shrubs, and cryptograms. 

Cajander was able to ignore the overstory because Finland is a small country with 
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a simple tree composition, it is topographically uniform, and is covered in glacial 

drift. His system gained considerable interest because he demonstrated its use in 

forest management. Sukatchev (1928, in Daubenmire 1989), another Russian 

forester, classified the spruce (Picea) forests of northern Russia. He was the first 

to name forest types by combining the genus of the dominant overstory species 

with the genus of the most diagnostic understory plant. This method of naming 

habitat types, the Latin binomial system, is in use today. 

In developing their classification systems, European ecologists considered 

their forests to be stable, thereby ignoring succession. During this same period in 

North America, Clements (1928), Gleason (1926), and other ecologists were 

stressing succession as a focal point of plant ecology. Clements' monoclimax 

theory stated that each site had only one climax community, and all other 

communities were seral and lead to a given climax. His theory failed to gain 

recognition in Europe, but it dominated in North America (Drury and Nisbet 1973, 

Connell and Slatyer 1977). Tansley (1935), a British ecologist, refined Clements' 

succession theory by stating that there may be more than one stable community for 

a given site. His theory, referred to as the polyclimax theory, is accepted by many 

ecologists today (Daubenmire 1989). 

Daubenmire (1952) understood the importance of succession when he 

developed the first habitat type classification system for North America. He 

developed his classification system by studying vegetation patterns in late 

successional, old growth stands. Habitat type series were then identified on the 

basis of expected overstory at climax. His classification of northern Idaho and 

part ofWashington drew considerable interest from resource managers and the 

scientific community. By the middle 1970's, most of the western states and 

western National Forests had developed their own system (Pfister 1975). 
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Habitat type classification systems have rarely been tried outside the 

western United States. One reason is the lack of readily perceived tloristic 

differences such as those found along strong elevational gradients and in rugged 

topography (Kotar et al. 1989). Coffinan et al. (1983) found that a classification 

system is possible for the Lake States due to its glacial history. Glacial landforms 

and their associated soils exert a strong influence on the tloristic composition of 

forest communities (Kotar et al. 1989). 

Kotar et al. (1988) developed a classification system for northern 

Wisconsin, only the second system for eastern forests. To simplify classification, 

northern Wisconsin was divided into five regions based on physiography, soils, 

climate, and certain tloristic discontinuities. Seventeen habitat types were defined 

for northern Wisconsin. 

Ecological Basis for Habitat Type Classification 

Habitat type classification systems (HTCS) use expected climax vegetation 

to classify sites of similar biological potential. A habitat type includes all sites 

capable of supporting similar plant communities at climax (Kotar et al. 1988). 

This section discusses six principles first addressed by Daubenmire (1976) and 

later refined by Pfister (1989) that form the ecological basis for HTCS. 

Principle #J 

Vegetation reflects the integrated sum of all environmental factors 

importanl to plant growth (Daubenmire 1976, Pfister 1989). The occurrence of 

plants on a given site is determined by available species, competition over time, 

history (natural and anthropogenic), and ecosystem processes such as predation, 

mutualism and local disturbance. The interaction of these factors results in the 

characteristic plant associations used to define habitat types. 
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Principle #2 

The climax community best reflects environmental potentials (Daubenmire 

1976, Kotar et al. 1988, Pfister 1989). In the early stages of succession a wide 

range of species may occupy a site. As succession advances, in absence of 

disturbance, the level of competition increases (Drury and Nisbet 1973, Connell 

and Slatyer 1977). At climax the species with the highest competitive ability have 

eliminated seral species causing a competitive equilibrium to exist. At this point 

the similarity of vegetation on similar sites reaches its maximum. 

Principle #3 

The association is the basic unit of vegetation classification (Pfister 1989). 

The plant associations used in classification are based on the grouping of late

successional stands that are similar in composition and are divided by ecotones 

(Pfister 1989). A common misconception about habitat types is that individual 

plants are used to classify sites. Although some species are indicative of general 

site conditions, no individual species is indicative of a change in habitat type (Kotar 

et al. 1988). HTCS's rely on associations to delineate habitat types because plant 

associations have a narrower ecological amplitude than most species (Pfister 

1989). 

Principle #4 

The understory stabilizes relatively quickly after disturbance (Kotar et al. 

1988, Pfister 1989). Following a stand-wide disturbance, the understory reaches 

stability in 40-60 years in eastern forests and 60-80 years in western forests. 

However, it requires 200-500 years for the overstory to reach stability (Pfister 

1989). Therefore, understory associations are used in the development of these 

systems. Successional trends associated with the understory vegetation can then 

be identified by studying seedling and sapling distributions within the sampled 
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stands (Kotar et al. 1988). The potential climax overstory composition can then 

be predicted. 

Principle #5 

Sites which share similar effective growing environments within a region 

have the same climax (Daubenmire 1976, Kotar et al. 1988, Pfister 1989). This 

principle is strongly related to principles one and two, which combined state that 

the natural climax community represents an integrated indicator of all 

environmental factors which determine biological potential. HTCS, although their 

developers sometimes claim otherwise, follow the Clementsian theory of 

succession to the extent that only one climax community is predicted for an 

individual habitat type. Potential problems associated with this are discussed 

below in the section on limitations of HTCS's. 

Principle #6 

Forests are composed of layers which occur in different combinations and 

each layer is sensitive to different aspects of the environment (Daubenmire 1976). 

The layers (strata) in a forest typically include the herbaceous, shrub, midstory, and 

overstory. Some habitat types that differ in site quality share similar expected 

overstory climaxes. Also, the same understory union can occur under two 

different climax forests. Daubenmire and Daubenmire (1968) stateq that in eastern 

Washington and northern Idaho the undergrowth in the Pinus ponderosa/Festuca 

habitat type is entirely different from that in the P. ponderosa/Physocarpus habitat 

type. Whereas, no consistent differences were found in the Physocarpus union as 

it occurs in stands of Pseudotsuga menziessi/Physocarpus and P. 

ponderosa/Physocarpus. Similarly, in Wisconsin, Acer saccharum is the expected 

climax dominant in seven of the seventeen habitat types (Kotar et al. 1988). 

The overstory and understory unions are sensitive to different aspects of 

the environment (Daubenmire 1976). Parkhurst and Loucks (1972) found in 
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Wisconsin that the overstory is strongly related to macroclimate, whereas th~ 

understory is mostly affected by soils and microclimate. Daubenmire (1952) found 

similar results for the Rocky Mountains. 

Kotar (1986) stated that the soil is mainly responsible for site differences 

within a given macroclimate. Therefore, the soil is the main cause of overstory and 

understory climax variation and thus habitat type differentiation. Kotar et al. 

(1988) placed all stands used in the development of their classification system on 

an edaphic grid representing soil moisture and nutrient regimes. Bakuzis' (1959) 

synecological coordinates were used to place a value ranging from 1-5 for 

moisture and nutrient requirements on each plant species found in a sampled stand. 

A stand-wide value was determined by summing the values for each species in a 

stand. The values for stands used to develop the HTCS were then plotted on the 

grid. Stands constituting an individual habitat type formed distinct clusters, thus 

supporting the existence of distinct habitat types. 

Limitations of Habitat Type Classification Systems 

Although HTCS's are useful tools for resource management, they are not 

without their limitations. The following section discusses four limitations: (1) 

HTCS's are not possible for all regions, (2) their reliance on the climax 

community to classify sites, (3) their failure to recognize overstory-understory 

relationships, and ( 4) the lack of physical site information provided. 

Habitat Classification Is Not Possible For All Regions 

An early debate over habitat classification centered on how vegetation 

occurs across the landscape. One view, the continuum concept (Curtis 1959, 

McIntosh 1967), claimed that changes in the distribution of species over the 

landscape tend to be gradual and continuous, and therefore unclassifiable (Curtis 

and McIntosh 1951, Curtis 1959). The other view stated that classification is 
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possible due to the existence of discontinuities which are readily discernible in the 

field (Daubenmire 1966). 

The roots of the continuum hypothesis can be traced to Gleason's (1917, 

1926, and 1939) individualistic hypothesis. One of his main points was that 

species distributions are not correlated. Therefore, any attempt to delineate 

discrete divisions would be purely arbitrary. J.T. Curtis and his co-workers (1951 

and 1959) built upon the continuum concept in his text, The Vegetation of 

Wisconsin. Curtis (1959) defined continuum as "an adjectival noun referring to the 

situation where the stands of a community or large vegetational unit are not 

segregated into discrete and objectively discernible units, but rather form a 

continuously varying series." Many other ecologists echoed the viewpoints of 

Curtis and Gleason. Cain (1947) stated that plant aggregations exhibit unlimited 

variations, combinations, and permutations. Whittaker (1956) claimed that when 

species distribution curves were plotted along an environmental gradient the 

curves would flow into one another, suggesting a continuum of populations. 

On the other side of the debate were those who believed that vegetation 

can be classified. They believed that vegetation forms well defined, discrete, 

integrated units which can be placed into classes. Daubenmire (1966) criticized 

the continuum viewpoint on the basis of improper field methodology and data 

manipulation. He claimed that this predetermined the conclusions reached. He 

pointed out that proper methodology requires that samples are taken from 

undisturbed, late-successional communities of maximum homogeneity, thus 

excluding ecotones. Daubenmire went on to state that Curtis (1959) sampled 

many stands that had been severely disturbed recently and consisted of seral 

vegetation. 

Today most ecologists realize that classification systems are possible and 

that vegetation can be studied from both viewpoints (Kotar et al. 1988). 



However, classification is not possible for all regions. Spurr and Barnes (1980) 

stated that a vegetation classification system is possible in areas that have wide 

variations in altitude or precipitation and where humans have not altered the 

original vegetation markedly. It has also been shown that a classification system is 

possible for the Lake States due to their glacial history (Coffinan et al. 1983, 

Kotar 1986). Where conditions are uniform or change gradually, vegetation 

occurs as a continuum. It is these factors which determine whether habitat type 

classification is justifiable in a given region. 

Reliance on Climax Vegetation to Classi:cy Sites 

HTCS's rely on a predicted overstory climax to classify biological potential. 

Theoretically, following a large disturbance, sites which share similar growing 

environments should experience similar climax overstory composition within 200-

500 years (Principles Four and Five). These last two sentences are traditional 

components of the monoclimax theory in that succession is unidirectional and 

always moves towards a single climax community. This is in strong disagreement 

with current ecological theory. First, disturbance, which can strongly shape 

vegetation (Loucks 1970, Spurr and Barnes 1980, Oliver 1981, Pickett and White 

1985, Lorimer 1989), is a common occurrence in terrestrial ecosystems. As a 

result, many systems may never reach stability (McCune and Cottam 1985). 

Secondly, multiple successional pathways have been reported for similar sites 

(Abrams et al. 1985, Kotar et al. 1988). Furthermore, succession can be 

retrogressive or arrested for a period of time (Abrams et al. 1985). 

Two recent articles illustrate some of the problems in using the climax 

community as a predictor of site potential. McCune and Allen (1985) found that 

similar sites did not develop similar, relatively stable forests in canyons of the 

Bitterroot Mountains. They studied old-growth mesic forests in western Montana 

and found that any combination of three species could dominate any site fairly 
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independent of site factors. They concluded historical factors were responsible for 

most of the variation in overstory composition. 

McCune and Cottam (1985) studied the successional status of a southern 

Wisconsin oak (Quercus) forest. They found that no species or species 

combination was capable of forming a stable climax community. They suggested 

that reciprocal replacement would occur between the oaks and black cherry 

(Prunus serotina) with neither capable oflong term stability. 

The results of these studies probably represent exceptions to the rule. 

However, they do suggest serious problems with the use of climax vegetation as an 

indicator of biological potential. The conclusion that sites with similar growing 

environments did not support similar climaxes directly conflicts with Principle Five. 

Also, the stable communities found on these sites were mostly a factor of site 

history not environmental potentials. Thereby, Principle Two would not apply. 

McCune and Cottam's (1985) findings pose an important question for 

habitat type classification. If no climax community is possible on a site how can its 

potential be evaluated? This question, along with the problems raised by McCune 

and Allen (1985) on the climax concept, must be addressed through continued 

research to insure the proper use of HTCS's. 

Failure to Recognize Oyerstory-IJnderstory Relationships 

A wide variety of cover types can be found on any given habitat type 

(Kotar et al. 1988). Furthermore, regardless of overstory composition on a 

habitat type, the diagnostic species group is expected to be present in sufficient 

abundance within a relatively short time after disturbance. Therefore, this suggests 

that the understory develops fairly independently of the overstory (Daubenmire 

and Daubenmire 1968). Recent studies have shown that overstory composition 

can affect understory composition (woody and herbaceous), abundance, and 

dynamics (Rogers 1978, Maguire and Forman 1983, Beatty 1984, Collins and 
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Good 1987, Collins 1990). This challenges the assumption that the diagnostic 

group of species will even be present. Furthermore, if the relative abundances of 

species were affected, a habitat type could be wrongly identified (Kotar et al. 

1988). Greater attention to the implications of these studies are provided in the 

section on forest regeneration. 

HTCS Lack Physical Site Information 

From a management perspective, one of the most significant limitations of 

HTCS's is their lack of information on the physical characteristics of a site. An 

ecological classification system takes vegetation, soils, and landforms into account 

(Driscoll et al. 1984). HTCS's concentrate on vegetation with little emphasis on 

soils or landform. This leaves many important questions unanswered, such as 

when and what type of harvesting is suitable for a site. To address these 

limitations, Coffinan and Kotar (1983) and Kotar (1986) suggested integration of 

soil mapping with habitat types. Specifics of this are discussed in the section on 

silvicultural uses ofHTCS's. 

HTCS's have serious limitation which need to be resolved to increase their 

effectiveness and ecological validity. The succession-related problems, along with 

their failure to recognize overstory-understory relationships, appear to be the most 

important issues. A new ecological framework that addresses these limitations is 

necessary to improve usage of these systems. 

Silvicultural uses of Habitat Type Classification 

HTC S's have applications in many aspects of resource management. One 

of their more common uses is in forest management, especially silviculture. In 

addition, HTCS's have applications in wildlife management, recreational planning, 

and managing for biological diversity (Kotar 1988). 

The HTCS for northern Wisconsin lists common cover types, management 

implications, successional pathways, and relative stability of habitat types (Kotar et 
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al. 1988). By integrating this information, management decisions can be made. 

For example, the A ViO habitat type (Kotar et al. 1988), one of the richer habitat 

types in Wisconsin, has a strong successional trend towards sugar maple. 

Conversion of an A ViO site to a red pine (Pinus resinosa) plantation would not be 

recommended due to the high level of competition the P. resinosa would 

experience (Kotar 1986). 

Regeneration is a primary goal of silviculture. Habitat type classification 

systems seem especially suited for this purpose (Pfister and Shearer 1977). A few 

studies in the western United States have looked at regeneration on different 

habitat types, but no studies have been done in the Lake States. 

Boyd (1969) studied natural regeneration in the western white pine (Pinus 

monticola) cover type. Seven regeneration cuts over a 20 year period were 

studied. Strip clearcuts, shelterwood, seed tree, and selection cutting were used. 

The objective was to compare regeneration between two different habitat types 

using different silvicultural methods. The habitat types included were Abies 

grandis/Pachistima, a dry habitat type, and a richer (nutrient and moisture) habitat 

type, Thuja-Tsuga/Pachistima (Daubenmire 1952). In the latter type, even-aged 

silviculture provided adequate, diverse natural regeneration five to ten years after 

the regeneration cut (considered an acceptable time period in the western U.S.). 

Western hemlock (Tsuga heterophylla) was the most abundant species if a seed 

source was available. Hemlock was equally represented in clearcut and 

shelterwood stands. However, shelterwood systems in which the second cut was 

not made soon after the first cut resulted in smaller regeneration densities of grand 

fir (Abies grandis) and western white pine, the next most common species. 

Regeneration periods of up to 20 years occurred on the Abies grandis/Pachistima 

habitat type. Grand fir was the most dominant species followed by western white 

pine and Douglas-fir (Pseudotsuga menziesii). Selection cutting strongly favored 
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grand fir almost to the exclusion of other species. Shelterwood and clearcuts 

provided the greatest species diversity. 

Ryker (1975) performed a similar study on regeneration in the Douglas fir 

cover type. He studied planted and natural regeneration success in six different 

habitat types. A self-admitted flaw in his methodology was that in part of the 

study region no habitat type classification system was available. He classified these 

sites by using the climax tree species present. Despite this limitation, the data 

demonstrated sufficiently that Douglas-fir regeneration varied by habitat and that 

success of regeneration (% stocking) was low on sites where Douglas-fir appeared 

to be the climax species. On the four habitat types where natural regeneration was 

present, Douglas-fir stocking varied from 5-69 percent. 

The latter two studies suggest that variation exists in composition and 

abundance of regeneration among habitat types. They also imply that different 

silvicultural systems are needed for different habitat types. 

As mentioned earlier, a HTCS is limited by the lack of physical site 

information it provides. Coffinan and Kotar (1983) and Kotar (1986) suggested 

taking existing soil resource inventories and defining vegetative units within them. 

This gives the user biological (habitat type) and physical (Soil Resource Inventory) 

information on a particular site. They pointed out that because you are adding the 

habitat type onto the soil unit, site variability will be higher than if both elements 

were used in initially defining the taxonomic unit. In the future they suggest that 

habitat classification be used during the soil mapping process. The soil mapper 

could list the occurrence of habitat types on different soil units, and use habitat 

types to identify lithologic discontinuities that would not be discovered using the 

traditional mapping process. 

Some HTCS's contain extensive productivity information. For example, 

the system for the Upper Peninsula ofMichigan (Coffinan et al. 1983) contains site 
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index ranges, expected mean annual growth, and optimal economic rotation ages 

for individual habitat types. This type of information could be added to systems 

which lack productivity estimates (Kotar et al. 1988). 

Besides timber management, HTCS's can be used to manage other forest 

resources such as wildlife. For example, ifwe understand the habitat requirement 

of a given species or a guild, a HTCS could be used to locate sites where that 

community could be easily created and/or maintained (Kotar 1988). HTCS's also 

serve as a potential tool in the management of biological diversity. Each habitat 

type has the inherent ability to support a certain range of species. It has been 

suggested, therefore, that they represent a logical framework to manage for 

biological diversity. HTCS's could be used to identify the range of diversity 

present in a given region and then serve as management units (Kotar 1988). 

HTCS's serve as useful guides to resource managers for a variety of forest 

resources. In addition, they provide a workable framework for management, 

research and communication (Kotar et al. 1988). Whereas HTCS's are superior to 

traditional means of classifying site quality, they are not meant to replace these 

systems. Instead, they should be used in conjunction with Soil Resource 

Inventories, cover type, and site index to form a more effective system of 

management. 

Forest Regeneration 

Natural densities of tree seedlings exhibit great variation within Wisconsin 

forests. Curtis (1959) reported one sugar maple stand in Wisconsin that had 

50,800 seedlings per ha and a second sugar maple stand that had 3.8 million 

seedlings per ha. Hett and Loucks (1971) found densities of one year old sugar 

maple of84,000, 132,700, and 904,800 per ha in three different counties in 

Wisconsin. Large variation in densities can also occur within a stand (Maguire 

and Forman 1983, Houle 1992). What causes this variation? Studies have focused 
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on overstory characteristics, availability of resources, environmental factors, 

competition, the availability of suitable microhabitat, and a myriad of other factors. 

The following sections discuss: (1) the impact of overstory characteristics 

on regeneration, (2) the effect of site quality on regeneration, and (3) the 

relationship between microhabitat and seedling density/composition. The section 

on overstory characteristics is divided into discussions on density, composition, 

and light. 

Overstory Characteristics-Density 

Several studies have demonstrated a relationship between overstory density 

and regeneration densities. Seedling densities are often found to increase as 

overstory density decreases. Johnson (1992) studied regeneration in two xeric oak 

ecosystems in lower Michigan. Johnson included all seedlings and sprouts less 

than 4.1 cm dbh. The less xeric system had twice the oak regeneration and four 

times the total regeneration of the other system. Using two overstory variables, 

Johnson was able to explain 55% of the variation in seedling densities in the two 

ecosystems. The variables included total basal area and what he termed "Q basal 

area". Q basal area included all oaks in a stand that were above a threshold 

diameter (>30 or 36 cm depending upon the species). Johnson found regeneration 

densities were highest in stands with a high Q basal area and a low total basal area. 

These stands produced a larger quantity of seed and had more light at the forest 

floor. 

Several other studies have found significant effects of overstory density on 

regeneration. Parker (1986), in his study of red fir (,A.hies magnifica) and white fir 

(Abies concolor) regeneration in California, found stands displaying the highest fir 

regeneration had more open canopies and lower basal areas. Bowersox and Ward 

(1972) studied mixed oak stands in Pennsylvania. They found the highest 

regeneration densities in higher quality stands. having less than 23 m/\2 ba/ha. 
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Qverstor:y Characteristics-Light 

Studies which examined the relationship between light (energy) and 

regeneration densities have produced different results. Carvell and Tyron (1961) 

found that as percent sunlight increased at the forest floor, oak regeneration 

densities increased also. Species in the New Jersey Pine Barrens showed some 

segregation along a light gradient (Collins and Good 1987). Of the six arboreal 

species studied, two occurred more often in areas with less light. However, in a 

hemlock-hardwood forest in New York, species exhibited no relationship or 

segregation along a light gradient (Collins 1990). Several other studies have failed 

to show a relationship between light and regeneration. Good and Good (1972) 

found that light level did not significantly affect densities of several eastern 

hardwood species. Maguire and Forman (1983) found no relationship between 

light intensity and seedling density in a hemlock-hardwood forest in West Virginia. 

Taylor and Aarssen (1989) found that light was not correlated with density or 

height growth of two year old sugar maple seedlings in Ontario. One explanation 

for the failure of many studies to demonstrate a relationship between light and 

seedling densities is the reliance on one or two measurements oflight. It is 

difficult to measure the true light environment that a seedling experiences with one 

or two seasonal measurements (Anderson et al. 1969, Collins 1990). Light 

intensity can vary by time of day (Poulson and Platt 1989) and by time of the 

growing season (Brewer 1988). In addition, the existence of"sunflecks", small 

patches oflight moving slowly across the forest floor, and "pinholes", which are 

high in intensity but short in duration, make it difficult to fully characterize the 

light environment of a forest. These two important sources oflight are constantly 

changing their distribution in forests. Therefore, measurement of light at a precise 

point in time may be misleading and result in an incorrect assessment of the role of 

light in regeneration dynamics (Anderson et al. 1969). 
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Overstor:y Characteristics-Composition 

Composition of the overstory plays a major role in shaping the understory. 

It serves as an important source of seed with inputs to a site affected by the 

autecology of the species and weather. Some species produce good seed crops 

almost every year, whereas others, including many oak species, favor periodic seed 

production (Downs and McQuilken 1944, Beck 1977, Sork et al. 1993), Input 

over time can also vary considerably. Yellow birch (Betula alleghaniensis) 

produces large quantities of seed on a near yearly basis, whereas American beech 

(Fagus grandifolia) produces a small crop every year (Hornbeck and Leak 1991). 

It has been well documented that trees can modify light quality and 

quantity, nutrients, and soil pH beneath their crowns (Hicks 1980, Beatty 1984, 

Crozier and Boemer 1984, Collins 1990). One of the more common species this 

has been reported for is eastern hemlock (Tsuga canadensis). Beatty (1984) 

studied a maple-beech forest in New York, and found that in areas with a higher 

concentration of hemlock, total species richness and density were decreased. 

Rogers (1978), who studied eastern hemlock stands across most of its range, 

found that as hemlock density increased and overstory richness decreased, total 

seedling densities were lower, while hemlock seedling densities were higher. This 

was attributed to hemlock's modification of the light environment and physical 

properties of the soil to favor its growth and establishment. Hemlock, with its 

dense foliage, greatly reduces the amount of radiation found at the forest floor, 

thus favoring its own seedlings which are very shade tolerant. Furthermore, its 

litter has been shown to reduce the pH of the soil, which also favors its own 

establishment (Rogers 1978). 

Maguire and Forman (1983) found that canopy species played an important 

role in seedling distribution and densities in a hemlock-hardwood forest in West 

Virginia. Tree seedling density was significantly higher under black cherry 
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canopies. This is because most black cherry seeds fall and germinate near the 

parent tree. Sugar maple and red maple (Acer rubrum) were significantly scarcer 

under black cherry foliage, and eastern hemlock seedling densities were lower 

under yellow birch foliage. 

Not all studies have found a strong link between overstory composition and 

seedling densities. Collins (1990) found that eastern hemlock seedling densities 

were higher under hemlock canopies and that black cherry seedling densities were 

greatest under deciduous canopies. Besides these species, he found little overstory 

effect on arboreal seedling distribution in a hemlock-hardwood forest in New 

York. Collins and Good (1987) reported no relationship between canopy type 

( coniferous vs. deciduous) and arboreal seedling distribution of the six major tree 

species in the New Jersey Pine Barrens. However, a relationship between canopy 

cover and seedling distribution was detected. Shortleaf pine (Pinus echinata) was 

found more often at sites with a greater canopy cover and shallower litter layers. 

Site Quality 

This section is a discussion of several articles that measured regeneration 

densities/composition across a site quality gradient. Four of the studies are from 

the Lake States and three are from the eastern United States. 

Nowacki et al. (1990) measured seedling and sapling densities in 46 oak 

stands of north-central Wisconsin. These stands were divided into four groups 

based on importance values of overstory species. Stand groups were significantly 

correlated with soil texture, which included a range of fine to coarse soils. This 

was interpreted as an edaphic gradient from rich and mesic to poorer, dry-mesic 

sites. Seedling (stems< 1.5 m high) densities tended to decrease along a gradient 

of surface soil texture from silt loam to loamy sand, and they increased with 

increasing sugar maple importance. Seedling density was also negatively 

correlated with overstory density and positively correlated with sapling densities. 
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However, there were no significant differences found between groups for total 

seedling densities. 

Changes in composition occurred along the site quality gradient examined 

by Nowacki et al. (1990). Red and sugar maple, white ash (Fraxinus americana), 

and northern red oak (Quercus rubra) were the most important seedling species. 

Red maple and northern red oak seedling importance increased from mesic to dry 

mesic sites, whereas sugar maple and white ash were most important in the mesic 

stands. A similar pattern was present in the sapling layer. 

Host et al. (1987) measured seedling and sapling densities in 30 upland 

stands in northwestern lower Michigan. Stands were divided into five ecosystem 

types based on characteristic combinations of landforms (glaciofluvial or morainal), 

soils, and ground flora (Barnes et al. 1982). These five ecosystem types spanned a 

site quality gradient from dry and nutrient poor to mesic and nutrient rich. The 

analysis was divided by landform. Three of the types occurred on glaciofluvial 

landforms and were dominated by oaks in the overstory. The two richest 

ecosystem types were found on morainal landforms and were sugar maple 

dominated. 

In glaciofluvial ecosystems the number of black oak (Quercus velutina), 

northern red oak, and red maple seedlings varied significantly. These differences 

corresponded to changes in soil texture, an indirect index of available moisture. 

Black oak seedlings were highest on the driest sites, while red oak and red maple 

became more numerous as conditions became more mesic. Stem densities and 

total species richness were highest on the most mesic glaciofluvial ecosystem. 

Sapling densities were quite low on the glaciofluvial ecosystems. White 

oak ( Quercus alba) and white pine (Pinus strobus) were the most common 

saplings in the poorest ecosystem. In the other two ecosystems red maple was the 

dominant sapling species. 
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In the ecosystems occurring on morainal landforms there were no 

significant differences in densities between ecosystems. However, where banding 

of the soil occurred their was a significantly greater abundance of seedlings. Sugar 

maple and white ash dominated seedling composition, while sugar maple 

dominated the sapling layer. Sapling densities were substantially higher on the 

morainal landforms. 

In the study previously described, Johnson (1992) found that northern pin 

oak (Quercus ellipsoidalis) and black oak dominated the most xeric system, while 

black oak and white oak shared dominance in the less xeric system. All arboreal 

regeneration less than 4.1 cm dbh was tallied in eight stands (four in each system). 

Johnson found that the less xeric ecosystem had twice the oak regeneration of the 

more xeric system, and three times the total regeneration. 

Cook (1991) measured regeneration in four different communities along a 

site quality gradient in central Wisconsin over a two year period. Cook reported 

that total seedling density was lowest on one of the xeric sites and highest on the 

other xeric site. The two richer sites were intermediate in total seedling density. 

The same pattern was reported for both years. 

Nicholas et al. (1992) studied seedling recruitment and stand regeneration 

in spruce-fir forests of the Great Smoky Mountains along an elevational gradient 

ranging from 1525 to 1980 m. Four elevation classes were studied which included 

1525, 1675, 1830, and 1980 m. Regeneration was divided into first year germinals 

and stems (seedlings) >1 year to 1.37 m high. Red spruce (Picea rubens) and 

fraser fir (Abies .fraseri) were the species of primary importance. In addition, 

several minor hardwood species were present. 

Highly significant differences in spruce and fir regeneration densities were 

reported among elevation classes. Spruce and mixed hardwood species reached 

their highest germinal and seedling densities in the two lower elevation classes with 
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a peak in total understory densities occurring at the 1675 m elevation class. Fraser 

fir regeneration densities were minimal at the two lower elevation classes and were 

significantly higher at the 1830 and 1980 m elevation classes. The patterns in 

regeneration distribution concurred with the patterns of overstory dominance 

present in high elevation forests of the southern Appalachians. Spruce forests are 

found between 1370 to 1675 m, spruce-fir forests from 1675 to 1890, and fir 

forests above 1890 m. 

Ross et al. (1986) studied oak regeneration in 10 stands before and after 

clearfelling in southwest Virginia. Stands occurred on midslopes and ranged from 

poor quality (oak site index 8-16 m, base age 50) to medium (site index 17-22 m). 

Chestnut oak (Quercus prinus) was the dominant oak species in most stands 

before harvest. Other oak species included scarlet oak (Quercus coccinea) and 

black oak. Stands were divided into four vegetation types: mixed hardwood, 

mixed oak, mixed oak-pine, and mixed pine. Oak regeneration density before 

harvest differed among the three oak species and among the four vegetation types. 

Chestnut oak was the most dominant oak seedling among the four vegetation 

types. Total oak regeneration was greatest in the mixed oak type and least on the 

low quality mixed oak-pine and mixed pine sites. Total regeneration was greatest 

in the mixed hardwood sites, the richest type. 

Racine ( 1971) studied the effect of slope position and aspect on the 

reproduction of red oak, chestnut oak, and scarlet oak (Q. coccinea) in the 

southern Blue Ridge mountains of the eastern United States. A site quality 

gradient existed along the slopes with decreasing soil moisture and nutrients, 

increasing soil clay content, and increasing light intensity with increasing slope 

position. A definite species replacement pattern was found. On the lower slopes 

red oak seedlings were dominant. At the upper slopes chestnut and scarlet oak 

shared dominance due to their tolerance oflow soil nutrients. However, on the 
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ridge scarlet oak was dominant due to its greater ability to withstand occasional 

droughts and the low level of soil moisture. 

These seven studies indicate that site quality plays an important role in 

forest regeneration. Site quality has a definite impact on the composition of 

regeneration, and on the abundance of individual species across a gradient. 

However, site quality does not appear to have a pronounced effect on total 

regeneration densities. Only Racine (1971) reported differences in regeneration 

densities across a gradient, however, he did not include the densitiy of non-oak 

regeneration in his study. None of the other six studies reported a strong pattern 

of densities increasing or decreasing with site quality, nor did any of them show 

that regeneration peaked at intermediate site qualities. 

Seedling-Microhabitat Relationships 

Recently, several articles have attempted to explain variation in 

regeneration by studying the relationship between composition, abundance, and 

distribution of seedlings and fine scale differences in the biotic and abiotic 

environment. Arboreal seedlings have been shown to occur in a subset of the total 

habitat available for colonization (Collins 1990). Although the width of habitat a 

seedling can endure may be large, studies have had success in distinguishing 

microhabitat differences between species (Collins and Good 1987, Collins 1990). 

Collins and Good (1987) studied the habitat structure of one-year-old tree 

seedlings in an oak-pine forest in the New Jersey Pine Barrens. Nine habitat 

variables that characterized the physical environment around 25 seedlings of each 

of the six major tree species of the Pine Barrens were measured. The six species 

were: shortleaf pine, black oak, scarlet oak, white oak, chestnut oak, and sassafras 

(Sassafras albidum). ln addition, average microhabitat conditions at random 

points within the stand were quantified. 
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The microhabitat occupied by seedlings was different from average stand 

conditions. Seedlings were generally found in areas with shallower litter layers and 

less ground cover than average conditions. Seedlings of shortleaf pine, black oak, 

and scarlet oak tended to occur in sites with a higher moss-lichen cover where 

litter layers were shallow. Seedlings of white oak, chestnut oak, and sassafras 

were found in areas with greater ground cover than the other three species. 

Variability in habitat ranged from highest for black oak to lowest for shortleaf pine. 

Collins (1990) studied habitat relationships and survivorship of tree 

seedlings in a hemlock-hardwood forest in New York. Thirteen variables that 

characterized the physical environment were measured around different aged 

seedlings of red maple, sugar maple, yellow birch, eastern hemlock, and black 

cherry. Red maple and hemlock seedlings were found in areas that had more 

coniferous litter than black cherry, yellow birch, and sugar maple. Sugar maple 

was found more often in sites with a thick litter layer and acidic soils. Seedling age 

of red maple did not affect the habitat it was found in, but its habitat was different 

than average stand conditions. Young hemlock seedlings were found in areas with 

a significantly shallower litter layer, higher ground cover, and more coniferous 

litter than both older seedlings and average stand conditions. Older hemlock 

seedlings occurred in habitats more similar to average stand conditions. 

Understory herbaceous vegetation, presumably through competitive 

interactions, has been shown to be an important mechanism driving seedling 

dynamics. Maguire and Forman (1983) found positive and negative interactions 

between common herb species and seedlings in a hemlock-hardwood forest in New 

York. Total seedling density was found to decrease with increasing herbaceous 

cover. Taylor and Aarssen (1989) found that total ground cover was negatively 

correlated (P < .01, no correlation coefficient provided) with density and height 
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growth of two year old sugar maple in Ontario. Other studies have also reported 

significant herb-seedling relationships (Crozier and Boerner 1984). 

Important relationships between arboreal species have been documented 

also. Sugar maple has been shown to have allelopathic effects on the seedlings of 

yellow birch and several conifer species (Tubbs 1977). Maguire and Forman 

(1983) reported black cherry seedlings had a negative relationship with red maple 

and American beech seedlings. 

Microtopography can have an effect on herbaceous species distribution and 

composition (Beatty 1984). In the northeastern United States, 20-50% of the 

forest floor is composed of treefall mounds and pits created by uprooted trees 

(Beatty 1984). In a maple-beech forest in New York, Beatty (1984) found that 

some species grew mainly on mounds, others on pits, and some on undisturbed 

soil. Total understory densities were greatest on undisturbed sites. Richness was 

greatest on mounds but equitability was lowest there. The findings were attributed 

to differences in soil properties associated with each microsite type. Mounds were 

drier, poorer in nutrients, had a lower cation exchange capacity, less organic 

matter, less litter cover, and a thinner Al horizon than pits. However, in areas 

with a high concentration of hemlock in the overstory, spatial segregation of 

species was not apparent. This was attributed to the effect hemlock has on soil 

and light properties. 

Recent studies have had some success in distinguishing microhabitat 

differences between species. Unfortunately, the role of microhabitat and its 

relationship with understory dynamics is still not well understood. Further 

complicating the matter is that the microhabitats occupied by individual species 

appears to change over time. However, although success has varied depending 

upon species and region of study, the investigators have made two points clear. 

First, understory vegetation can affect regeneration success through competitive 
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interactions (Maguire and Forman 1983, Collins and Good 1987, Collins 1990) 

and allelopathy (Horsley 1977). Second, the availability of suitable microhabitat 

plays an important role in determining seedling composition, distribution, and 

densities within forest communities. 

Recruitment 

In this study recruitment was defined as the process whereby a seedling 

becomes a sapling. Naturally, it is somewhat arbitrary to choose a height where 

this occurs. However, ecologically important differences between small and large 

seedlings often exists such as the lower mortality rate, and generally faster growth 

rate oflarger/older seedlings (Good and Good 1972, Sander et al. 1984, Loftis 

1990). This is important in an ecological and management context because 

recruited stems will determine the future composition of these forests barring 

major disturbance. Heights used in this study are discussed in the methods section. 

The height at which a species should be considered a sapling probably 

varies with site quality (Ross et al. 1986). Sander et al. (1984) found that the 

likelihood of oak advance regeneration (includes seedlings and saplings) reaching 

the overstory following harvest varied by site. Success was lowest on northeast 

facing slopes and lower slope positions. Probabilities were highest on southeast 

and northwest aspects and on middle slopes. Differences in success were 

attributed to the low likelihood of tree development in environments where soil 

moisture is very favorable or unfavorable. This in tum was related to high 

mortality and/or poor growth on droughty sites, and severe competition on moister 

sites. 

No studies of recruitment rate have been performed by habitat type for 

eastern or western forests. However, information is available that suggests 

recruitment rates vary by species. Rogers (1978) found that eastern hemlock 

seedlings were four times as successful as sugar maple in attaining sapling status. 
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Woods (1979) reported that a reciprocal replacement cycle occurred between 

sugar maple and American beech. Beech was more likely to be recruited under a 

mature sugar maple and sugar maple was more likely to be recruited under a 

beech. Poulson and Platt (1989) confirmed this pattern. 

Rates of recruitment were recorded in a mature, eastern hardwood forest in 

New Jersey (Good and Good 1972). Seedling and sapling growth and mortality 

were monitored over a two year period (three summers). Saplings were defined as 

all stems at least 30 cm in height but less than 10.2 cm dbh. Their definition of a 

sapling is debatable, and their minimal height limit is considerably lower than this 

study. However, their data show important trends in seedling/sapling dynamics .. 

Recruitment rates for both years were similar ranging from 1.2 ( summer 1 to 

summer 2) to 1.3% (summer 2 to summer 3). In addition, 1.6% of the seedlings 

from the first summer of measurement were recruited by the third summer. Most 

saplings (80%) remained as saplings during the two year period. Dieback to 

seedling size (14%) was more common than mortality. In contrast, the mortality 

rate of saplings was 3.4% after year one and 1.6% after year two. A minimal 

amount of saplings (0.6%) were recruited into the next size class. 

The limited information available on recruitment increases the importance 

of this study because only generalizations can be made at this point. It is obvious 

that recruitment will often vary by species due to autecological differences. Large 

differences in site quality should also affect recruitment through competition for 

resources including moisture and nutrients. However, it is unknown what effect 

small differences in site quality will have. For instance, will a change in moisture 

(but not necessarily nutrients) affect recruitment? The rate of recruitment noted by 

Good and Good (1972) is probably accurate for most forest communities only in 

that a low rate of recruitment should be expected under a mature canopy 
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experiencing no disturbance. Extrapolating that rate to other forest communities is 

not warranted because it includes data from only one stand. 

Competition 

The role of competition in structuring plant communities, though often 

studied, is not well understood (Schoener 1983). Past studies have failed to come 

up with a central theory explaining the role of competition (Connell 1990, 

Goldberg 1990, Austin 1990). Grime (1979) defined competition as the tendency 

of neighboring plants to utilize the same quantum of light, ion of a mineral nutrient, 

molecule of water, or volume of space. Connell (1990) defined it in simpler terms 

as a reciprocal negative interaction between two organisms. Competition has 

traditionally been divided into interference and exploitation (Schoener 1983). 

Interference involves an individual directly harming a neighbor in various ways, 

such as releasing toxic substances (i.e. allelopathy) (Connell 1990). Exploitative 

competition is an indirect interaction acting through shared resources (Connell 

1990). 

Schoener (1983) expanded on these two types of competition by defining 

six types of competition. I will only include the four which apply to plants and 

exclude the two dealing only with animals. 

1. Consumptive competition occurs when some quantity of resource ( e.g. water 

or nutrients) is consumed by an individual, thereby depriving other individuals. 

This would be considered exploitative. 

2. Preemptive competition occurs when a unit of space is occupied by an 

individual, thereby causing other individuals not to occupy that space before the 

occupant disappears. This is closest to exploitative but includes an element of 

interference. 

3. Overgrowth competition occurs when individual( s) grow over or upon 

another individual, thereby depriving that individual of light and possibly harming 
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that individual through physical contact such as abrasion or undercutting. This 

would be classified as interference. 

4. Chemical competition occurs when an individual produces chemicals such as 

allelochemicals which are capable of harming other individuals. This is perhaps the 

classic example of interference competition. 

Connell (1990) added two categories of mechanisms which he claimed 

resulted in apparent competition as compared to real competition ( exploitative and 

interference). It is important to be aware of these possibilities because competition 

is difficult to prove under natural conditions (Connell 1990). First, if two species 

shared one or more predators, a reciprocal negative interaction could occur 

between the two prey. This had been termed "predator mediated apparent 

competition" by Holt (Holt 1984, in Connell 1990) and had originally been applied 

to animals. However, Connell extended this to plants because they benefit 

herbivores. Connell claimed two conditions must occur for this to be true. First, 

the natural enemies must be an important source of mortality or lowered fitness. 

Second, the enemies respond to changes in abundance in the following way: after 

an increase in the first plant species either a consequent rise in the abundance of 

the enemies or a change in their behavior results in an increased per capita rate of 

attack on the second plant species, or a decrease in species one results in a 

decrease in the per capita rate of attack on species two. The opposite response, 

where the enemies respond to a decrease in species one by increasing their attack 

on the second species does not represent competition. Examples of these 

interactions are provided in the next section. 

The second type of apparent competition provided by Connell involves 

mutualism. It occurs when two species (Pl and P2) have a positive interaction and 

one of the two species has a direct negative interaction with a third species (P3). 

If P2 and P3 interact in a directly negative manner then it can be assumed that P 1 
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and P3 should have an indirect negative interaction. An example is provided in a 

later section. 

Connell termed these two types of competition apparent vs. real because 

traditionally only interference and exploitation have been considered as 

mechanisms of competition. However, he stated if competition is to be defined as 

a negative interaction between two organisms on the same trophic level, then all 

possible mechanisms of competition should be considered real. 

Goldberg (1990) stated that most interactions between plants occur 

through an intermediary such as resources, pollinators, dispersers, herbivores, or 

microbial symbionts. These indirect interactions are divided into two distinct 

processes: one or both species has an effect on the abundance of the intermediary, 

and a response to changes in abundance of the intermediary. For competition to 

occur both the effect and response components must be significant. Therefore, 

competition includes negative effects such as light depletion under a canopy, and 

positive responses including growth and survival. 

Prevalence of Competition in Nature 

Historically, competition has been considered a primary determinant in 

structuring vegetative communities (Grime 1979). However, in the last 15-20 

years the role of competition has been seriously questioned (Schoener 1983, 

Connell 1990). Other factors such as predation (Connell 1975, in Schoener 1983) 

have been suggested as more important mechanisms. Connell (1990) stated that 

much of the evidence that has been accepted as demonstrating competition can be 

produced by other types of interactions. All of this leads to the question, "How 

prevalent is competition in nature"? 

Schoener (1983) evaluated 164 field experiments dealing with interspecific 

competition. He found that 148, or 90%, of these demonstrated competition. In 

addition, competition was found between 76% of all species at least occasionally 
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and between 57% of the species at all times. Schoener's review considered 

competition from freshwater, marine, and terrestrial systems. Considering only 

terrestrial systems, competition was found in 91 % of the studies between 79% of 

the species occasionally and 59% of the species at all times. Exploitative and 

interference mechanisms were about equally prevalent. Competition was detected 

each year, but its intensity varied temporally. 

Schoeners' review suggests that competition is common in nature. 

However, its exact role in structuring vegetation is still uncertain (Goldberg 1990). 

Complicating the matter more is Connell's (1990) review of competition-based 

studies. Connell claimed that other interactions may be producing what appears to 

be competition. He claimed that the evidence may be more apparent than real 

competition (as described earlier). 

Connell provided examples of studies that claimed competition via direct 

interference and exploitation and explained how the interactions could have been 

caused by apparent competition. For example, two studies that reported reduced 

herb abundances near a shrub species in the California chapparal were more likely 

to be explained as apparent competition via natural enemies than by allelopathy. 

The herbivore used the shrub as shelter from predators and consumed the nearest 

herbaceous species. This interaction would result in asymmetrical competition 

since the shrub species itself was not fed upon. 

Many examples of exploitative competition could also be explained by 

mechanisms of apparent competition. Spatial segregation of two species is often 

considered evidence of exploitative competition but such a pattern could be 

explained from attack by shared predators. A study in a New York forest 

(Futuyama and Wasserman 1980, in Connell 1990) found that two oak species 

lived in separate stands with little overlap. In sites dominated by scarlet oak, 

larvae of a general herbivorous moth, (Alsophila pometaria), usually defoliated the 
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rarer white oaks. In adjacent stands dominated by white oaks the moth favored 

the scarlet oaks. Thus the habitat segregation appeared to be due to apparent 

competition, caused by reciprocal attacks on the rarer species. 

Connell only provided two instances in which his second proposed 

mechanism of apparent competition may have been in effect, and both of these 

were in marine habitats. However, he did provide a theoretical explanation of how 

this mechanism could be important in terrestrial habitats. Mutualism between plant 

species have often been reported (Maguire and Forman 1983, Hunter and Aarssen 

1988). This occurs when two plant species support populations of pollinators or 

seed dispersers or are directly connected through root grafts or mycorrhizae. For 

such interactions to result in apparent competition the two species (Pl, P2) should 

have similar life history characteristics that are different from the third species 

(P3). If Pl and P2 shared insect pollinators, this would likely support larger insect 

population and/or increase the regularity and rate of insect visitation, which would 

lead to increased seed production. If P3 were a wind pollinated species it would 

not benefit from this mutualism. If in addition P2 and P3 competed for water and 

nutrients because they have similar rooting depths, but P 1 does not because it has a 

different rooting depth, apparent competition would apply because Pl would 

indirectly affect P3. 

Competition Along an Environmental Gradient 

Goldberg (1990) listed two viewpoints on where competition is most 

intense. First, competition is most intense for a given resource where that resource 

is most limiting. Second, competition is most intense where density or biomass is 

greatest. These two situations correspond to where the response to a change in a 

given resource is greatest, and to where the effect on all resources is greatest 

respectively. In order for competition to occur both the effect and response must 

be significant. Therefore, Goldberg stated that the proper question to ask is: 
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Under what conditions are both effect on, and response to, a given resource likely 

to be large? 

An environmental gradient incorporating moisture and nutrient availability 

provides the proper framework to answer this question. Goldberg stated that 

along such a gradient the availability of light would decrease as availability of soil 

resources ( and hence standing crop) increased. Therefore, competition for light 

should increase with increasing site productivity. 

Goldberg claimed that the pattern for soil resources (water and nutrients) 

was more complex. Although the nutrient pool should increase along a site quality 

gradient, the actual availability may change little with increased uptake from the 

larger standing crop. Therefore, the magnitude of depletion would increase with 

standing crop causing the effect on soil resources to be greatest at richer sites, but 

the response to soil resources would be greatest on lower quality sites. 

Other researchers have proposed similar patterns. Austin stated that 

competition for light should be highest at the richest sites. Tillman (1985) also 

stated that competition for light should increase with site quality, whereas 

competition for soil resources would be most significant at lower site qualities. 

Competition in Forested Systems 

Although the exact role of competition is now being seriously debated, it is 

probably an important process affecting vegetative composition and structure in 

forests (Tilman 1985). As documented by Schoener (1983), its presence has been 

demonstrated in numerous field studies. However, as pointed out by Connell 

(1990), field observations often fail to clearly demonstrate the actual mechanisms. 

Earlier sections in this review discussed the effects oflight and vegetation on 

regeneration through competition. The section on site quality discussed how 

composition and abundances of species can change along an environmental 

gradient. These changes were attributable to differences in water and nutrient 
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availability. The availability of these resources, along with light, are typically the 

most important resources competed for in forest systems (Tilman 1985). 

Nutrient availability, including nitrogen, phosphorus, potassium, and other 

trace metals, have been strongly linked to vegetative structure and composition 

(Tilman 1985). Typically nitrogen is the most limiting of these nutrients (Spurr 

and Barnes 1980, Agren 1983, Tilman 1982, 1984, 1985). Nitrogen fertilization 

often leads to major changes in plant species composition (Tilman 1985) and has 

been shown to affect competition (Vitousek et al. 1979, Huston and Smith 1987). 

Available moisture is critical for seedling germination and establishment 

(Spurr and Barnes 1980). Most mature seeds are very dry, containing only 5 to 

20% of their total weight as water. Therefore, germination is not possible until 

the seed takes in the water needed for metabolic activities (Raven et al. 1986). 

Few studies have been carried out where water was applied to a site and 

the response was measured (Tilman 1985). Studies on moisture availability have 

had conflicting results. Hett and Loucks ( 1971) found that moisture availability 

had no effect on sugar maple seedling density in several Wisconsin stands except 

during a prolonged summer drought. Sander et al. (1984) found that moisture was 

critical in determining oak regeneration success. Too little moisture resulted in 

heavy mortality and to much moisture caused oaks to be out competed by other 

species. Collins (1990) found that seedling mortality was highest during a period 

of warm day time temperatures and little precipitation, and concluded that 

dessication was the primary cause of mortality in one year old red maple seedlings. 

DeSteven (1991) reported similar findings for seedling mortality in an open field in 

the North Carolina Piedmont. 

Conflicting results from scientific studies have made it difficult to 

understand the precise role and effect of competition in forested systems. While 
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moisture, nutrients, and light have been shown to affect composition and structure, 

the extent to which they are competed for along a gradient remains unclear. 

Conclusions 

Regeneration, recruitment, and competition are all dynamic processes that 

are not fully understood. Regeneration can be affected by overstory 

characteristics, site quality, available microhabitat, competition, and numerous 

other factors. All the possible interactions affecting regeneration make it difficult 

to explain the variations present in nature. Some studies, such as Johnson (1992), 

have succeeded partially in developing explanations, but others (Collins 1990) 

indicate that much remains to be elucidated. 

A minimal amount of data presently exist on recruitment. However, their is 

sufficient data to strongly suggest that variations occur by species and site type, 

and basic ecological theory supports this. The question in need of answer is: 

What factors affect recruitment? Light and soil resource ( water and nutrients) 

availability are the most plausible answers. 

Competition in plant communities is not well understood even though it has 

been the focus of much research. Its role in structuring natural communities is 

unclear. At one time it was considered the essential mechanism determining 

vegetation composition and structure; recently its importance has been strongly 

challenged. Competition will most likely remain a focal point of research with its 

role being continually redefined. This study should make some contribution to the 

understanding of competition and provide insight on forest regeneration and 

recruitment. 
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METHODS AND MATERIALS 

Study Area 

This study was performed in northeastern Wisconsin in Region Three of 

the Habitat Type Classification System for Wisconsin (Kotar et al. 1988). This 

region consists of Vilas, Oneida, F crest, and Florence counties. This area supports 

a large forested land base including the Nicolet National Forest, the Northern 

Highland-American Legion State Forest, and several county forests. 

Vilas and Oneida counties are dominated by pitted outwash and irregular, 

discontinuous moraine systems. Forest and Florence counties are dominated by 

ground moraines and their associated loam and silt loam soils (Kotar et al. 1988). 

Two study sites were located just outside of Region Three, in Region Two, 

which lies to the west. Both sites were located in Price county on the 

Chequamegon National F crest. 

Climate 

All climatic data are taken from the Oneida County Soil Survey (Boelter 

1993). In Oneida County, winters are very cold and summers are fairly warm. 

Average temperature in winter is -10 C and the average minimum daily 

temperature is -15 C. The lowest temperature recorded is -40 Con February 9, 

1951. In summer, the average temperature is 19 C and the average daily maximum 

temperature is 25 C. The highest recorded temperature is 37 C which occurred on 

July 14, 1977. 

Precipitation is fairly well distributed throughout the year, reaching a peak 

in summer. Snow covers the ground much of the time from late in the fall to early 

in spring. The total average annual precipitation is 78 cm. Of this about 56 cm ( or 

more than 70 percent) usually falls during the growing season (April through 

September). 
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Study Sites 

Four replicate stands for each of the six major habitat types found in 

Region Three (QAE, AQV, PMV, A VVib, ATD, AViO - ranked in order of 

productivity) were utilized. These six habitat types span a range of site quality 

from dry, nutrient poor to mesic, nutrient rich sites. The three habitat types found 

in Region Three that were excluded either have a localized distribution (AQVib ), 

are azonal (TMC), or are very similar to another habitat type (ATM) (Kotar et al. 

1988). 

During May and early June, 1992, a list of candidate stands was compiled 

using records of management agencies. Ownership varied from U.S. Forest 

Service land, state forest land, and county forest lands. Habitat type, overstory 

composition, age, and signs of past disturbance were recorded in each stand. 

From this list 19 stands were sampled in 1992 (4, 3, 3, 3, 2, and 4 respectively by 

habitat type). All stands were given a name with a geographic reference. For 

example, stands were named after the nearest lake (i.e., Frank Lake) or highway 

intersection (M&K). Five stands were chosen in 1993 to complete the matrix. 

Unfortunately, one AQV stand (Big Lake - established 1992) was clearcut in 1993 

before any measurements could be taken that year. All QAE and AQV stands 

along with one PMV stand (Covered Bridge) were plantations of either jack pine 

(Pinus banksiana) or red pine. No natural stands of these types were available in 

our study area. All study sites had full or almost full overstory occupancy, were 

50-90 years of age, lacked evidence of recent disturbance ( no management 

activites in past 10 years), and keyed out clearly to its respective habitat type. 

Legal descriptions of each study site are provided in Appendix One. 

Within each study site a permanent 50 m x 50 m macroplot was established 

which was subdivided into four, 25 m x 25 m plots. Two of the subplots were 

used in this study, and the other two were used in a related study on productivity 
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among habitat types. Within the macroplot all trees greater than 2.5 cm dbh were 

identified by species and the diameter at breast height (DBH, 1.37m) measured. 

Regeneration and Recruitment 

Recruitment 

Within one randomly chosen subplot (25 m x 25 m plot) four, 5 m x 5 m 

plots were randomly located. These were permanent for the duration of the study 

and were used to quantify recruitment from the seedling to the sapling stratum. 

Because the six habitat types vary considerably in inherent productivity (Kotar et 

al. 1988), the size required for a stem to be considered established (i.e., have a 

high probability of making it to the sapling stratum) probably varies from type to 

type (Sander et al. 1984, see Lit. Rev., Recruitment). Recruitment was assumed 

to have occurred ifa stem reached 1.0 m on the QAE and AQV habitat types, 

1.25 m on the PMV and AVVib habitat types, and 1.5 m on the ATD and AViO 

habitat types. 

A complete census of all potential overstory species was conducted in 

August, 1992. All stems at least 25 cm in height but less than the recruitment 

height were tagged, identified, and had their height and past height growth 

measured. Height growth for the past five years was assessed by measuring the 

length between rings ofbud scale scars on hardwoods (Hett and Loucks 1971, 

Taylor and Aarssen 1989) and on conifers with indeterminate growth, and by 

measuring the distance between whorls for red and white pine (Pinus strobus). 

Height growth was only measured if at least three years of growth was detectable. 

The same steps were carried out in August for the five plots added in 1993. In 

August of 1993 all tagged stems were censused to account for recruitment that 

had occurred in the last year. 
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Regeneration 

To quantify small-seedling density, a second 25 m x 25 m plot was 

randomly chosen. The plot was divided into 25 transect lines each spaced Im 

apart and running parallel to the 25m x 25m plot boundaries. Two of these 

transect were randomly chosen, and along each transect six, 1 m x 1 m quadrats 

were randomly placed. The center of the quadrat was permanently marked with a 

pin flag. All arboreal seedlings less than 25 cm tall were censused in August of 

1992 and 1993. In addition, the regeneration substrate was quantified. Percent 

cover of bare soil, rock, moss and lichen, and down wood were all visually 

estimated and assigned to 5% coverage classes. 

Competition and Resource Availability 

The light environment within the study area was measured during June, 

1993. Light was measured on cloudless days between 10 AM and 2 PM using a 

sunfleck ceptometer (Decagon Devices Inc., 1986). Due to a lack of suitable days 

in June, light measurements were recorded in only 16 stands (3, 3, 3, 3, 2, and 2 

respectively by habitat type). Light was measured at groundline and recruitment 

height in each 1 m x 1 m plot. Each recording is equivalent to an average of 30 

readings along an 80 cm wand. These measurements characterized the amount of 

light present at the levels at which germination and recruitment occurs. Light was 

also measured at each comer of the 5 m x 5 m plot at recruitment height. 

Early (June) and late season (August) percent soil moisture was measured 

during 1993. The sample size for June was 17 stands (3, 3, 3, 3, 2, and 3) and for 

August it was 22 stands (3, 3, 4, 4, 4, and 4). Soil samples (450 ml) were taken 1-

2 m from six randomly chosen 1 m x 1 m quadrats. Samples were taken from the 

upper 5 cm of the mineral soil, weighed, oven dried and reweighed. 

Two competition indices which have shown a significant correlation with 

height growth and/or seedling density (Taylor and Aarssen 1989) were estimated 
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in each quadrat. These were percent cover and total above-ground biomass of all 

vascular plants less than 1.0 m tall. Total above-ground biomass ofunderstory 

vegetation was estimated by the maximum biomass attained in late summer as 

suggested by Zavitkovski (1976). Biomass was estimated by clipping 50 cm x 50 

cm mi crop lots adjacent to 10 of the quadrats in each stand in August. Clipped 

vegetation was then oven-dried and weighed. Percent cover was estimated in each 

quadrat using the 5% cover classes recommended by Daubenmire (1959), but 

adding a "Less than 1%" and "1-5%" class. Percent cover was estimated in 

August, 1992 and 1993. In addition, percent cover was estimated in 19 stands ( 4, 

3, 3, 3, 2, 4) in mid-May 1993. This latter estimate was to determine if 

competitive effects of spring ephemerals affected regeneration densities. Total 

above-ground biomass was estimated in 1992 but not in 1993 because of a fair 

degree of correlation with percent cover ( r = . 51, p = . 001) and lack of a strong 

statistical relationship with any regeneration parameters. 

To determine possible overstory effects, the diameter and distance from 

quadrat center was measured for the nearest canopy stem (dominant/codominant). 

This was measured in 1993 only. 

Statistical Analysis 

ANOV A, multiple linear regression, and correlation analysis were all used. 

The Student Newman Keuls test was used to detect significant differences among 

habitat types when ANOV A indicated a significant difference existed. ANOV A 

was used to test for differences in basal area (BA), trees/ha, light (groundfloor and 

recruitment), soil moisture (June and August), small-seedling densities, and 

large-seedling densities with habitat type serving as the fixed factor. Small

seedling densities were tested for both years. Large-seedling densities was run 

once and included all 24 stands (19, 1992 stands and 5, 1993 stands combined). A 

study on recruitment in an eastern hardwood forest supports treating 
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large-seedling densities from two concurrent years as one data set (Good and 

Good 1972). In two years of measurement they found that only 1.2% (year 1) to 

1.3% (year 2) of the seedlings were recruited above 30 cm. Therefore, it is 

unlikely that large-seedling densities changed significantly between 1992 and 1993. 

As part of the regression analysis, the relationship between dependent and 

independent variables was examined for any non-linear patterns. The assumption 

of constant variance was checked by plotting the residuals against the dependent 

variable. No non-linear trends were found when the dependent variables were 

plotted against each independent variable. As part of the ANOV A, all variables 

were checked for homogeneity and normality. 

To determine if light varied by height of measurement (ground level vs. 

recruitment height) and by location (1 m x 1 m vs. 5 m x 5 m), ANOVA was used. 

Because light was measured in two different locations and the number of 

measurements varied at each location (12 1 m x 1 m quadrats vs. 4 measurements 

at each 5 m x 5 m plot), four averages were computed for each location in each 

stand. The two transects were split and the first three quadrats lumped together, 

and the last three were combined. This produced four averages from the light 

measurements taken at the 1 x 1 quadrats. The four light readings taken within 

each 5 x 5 were also averaged, thus yielding four readings from the 5 x 5 m plots. 

Repeated measures ANOV A was used to determine if soil moisture in June 

was different in August. 

Correlation analysis was used with all variables measured in the 1 m x 1 m 

quadrats. Variables in the 1992 correlation included: total seedling density, sugar 

maple seedling density, red maple seedling density, sapling density, herbaceous 

cover, woody cover, total vascular cover, bare soil, woody debris cover, rock 

cover, moss and lichen cover, and total above-ground biomass. The 1993 

correlation included the same variables except total above-ground biomass was 
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dropped, and total spring vascular cover, light at the forest floor, and the distance 

to, and the diameter of, the nearest overstory tree were added. 

The 1993 quadrat correlation analysis was followed with multiple linear 

regression. Total seedling density per quadrat was the dependent variable and all 

percent cover variables and the light measurements were independent variables. 

Correlation analysis was used to test for relationships between stand-wide 

variables for the 1992 and 1993 data sets. Small and large-seedling densities and 

richness, trees/ha, total BA, maple BA (red and sugar combined), conifer BA, 

overstory richness, light (forest floor and recruitment averages), and soil moisture 

(June and August) were the variables tested. Light and soil moisture were 

included in the 1993 correlation only. Using the stand-wide variables a multiple 

linear regression equation was developed for the 1992-93 data sets to predict small 

and large-seedling densities. 

Only red and sugar maple were included in the height growth analysis 

because they accounted for the majority of stems measured. In addition, QAE 

and ATD were omitted from the analysis because of the small number of stems 

measured in each habitat type (10 and 6 stems respectively). ANOV A was used to 

determine if height growth varied by habitat type and by species. 

Recruitment was not statistically assessed because only 18 stems were 

recruited during the one year time period. 
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RESULTS 

Overstory 

Average trees/ha, average basal area/ha, average overstory richness (mean 

# species/stand), and average importance value of the leading dominant per habitat 

type are provided in Table 1. In addition, individual stand values for the 

aforementioned variables are provided in Appendices 2-8. Average basal area 

ranged from 25 .1 to 3 5. 7 m/\2/ha, and trees/ha varied from 720 to 1049. The 

ANOVA indicated a significant difference between habitat types for basal area and 

tree density. The multiple comparison showed that the basal area for PMV was 

greater than A VVib (P = .036), and that AViO had a higher density than AQV (p 

= .049). 

There was an apparent trend in overstory richness. Mean richness peaked 

at the habitat types of intermediate site quality with A VVib having 8 and PMV 

having 6.25 species, respectively. Average richness was lowest on QAE sites with 

3.5 species. AQV, ATD, and AViO had similar averages ranging from 5.25 to 

5.75 species. 

Average importance value of the leading dominant followed a similar 

pattern; they were lowest on A VVib (80.7) and PMV (109.3) and highest on QAE 

(186.9) and AQV (153.4) because the latter were composed of plantations. ATD 

and A ViO were strongly dominated by sugar maple with average values of 128.3 

and 148.3 respectively. 

QAE, represented by four plantations, was dominated by jack pine, with 

red maple and balsam fir (Abies balsamea) of lesser importance AQV stands 

included two jack pine plantations and two red pine plantations. PMV stands 

included one red pine plantation and three natural stands. Important dominants 

included red pine, white pine, red oak, red maple, aspen, and paper birch (Betula 

papyrifera). A VVib represents an apparent transition, including the more mesic 
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species associated with the two richer habitat types along with species found on 

the drier habitat types. Sugar maple, red maple, red oak, paper birch, white pine, 

red pine, balsam fir, aspen, white ash, (Fraxinus americana), and basswood (Tilia 

americana) were important species found on AVVib sites. ATD and AViO sites 

were dominated by sugar maple with a mixture of other northern hardwoods 

including American basswood, yellow birch, and occasionally aspen. A complete 

species by species and stand by stand breakdown is presented in Appendices 3-8. 

Table 1 Average overstory density, basal area, richness(# species), and 
importance value (I. V.) of the leading dominant in six common habitat types of 
north-central Wisconsin. Vertical column means followed by a different letter are 
significantly different (p < .05). 

Density Basal Area Average 
Habitat Type (Trees/ha) (mA2fha) Richness I.V. Dominant 

QAE 906a 27.3a 3.5 186.9 
AQV 720ab 28.3a 5.5 153.4 
PMV 779a 35.7ab 6.25 109.3 
AVVib 918a 25. lac 8.0 80.7 
ATD 803a 28.7a 5.25 128.3 
AViO 1049ac 27.8a 5.75 148.3 

Large-Seedling Densities and Composition 

Large-seedling densities were measured in 24 stands over 1992 (19) and 

1993 (5). As discussed in the methods section the data taken from these two years 

were treated as one sample. Large-seedling densities tended to be greatest at the 

intermediate site qualities. However, no significant differences were detected 

between habitat types for average density (p = .38). Large-seedling densities are 

graphically depicted in Figure One. In the A VVib habitat type one stand (Bird 
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Lake) had a tremendously higher density than the others. This stand most likely 

represents a statistical outlier for the large-seedling class. Its large-seedling density 

was 90900/ha compared to 4700, 4900, and 18100/ha for the other three A VVib 

stands. When this stand was removed from the sample the average density fell to 

9233/ha for A VVib which put it at the same level as PMV and AQV. 

Figure One. Average large-seedling densities of six common habitat types of 
north-central Wisconsin. 
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The A VVib average does not include the Bird Lake stand because it probably 
represented a statistical outlier for large-seedling density. 

Large variations occurred within habitat types. QAE ranged from 500 (the 

lowest of all) to 9500 large-seedlings/ha with a Coefficient of Variation (C.V.)of 

136.4. A VVib varied from 4700 to 90900/ha (the highest average). However, 

with the stand containing 90900/ha removed, A VVib ranged from 4700 to 

18100/ha, and a C.V. of83.2. ATD ranged from 700 to 47400/ha with a C.V. of 

110.7. 
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Average large-seedling richness was highest at AVVib with 7.0 species per 

stand. QAE and AViO, representing both ends of the site quality gradient, had the 

lowest averages at 3.5 species for both types. ATD and PMV averaged 4.0 

species, and AQV had 4.75 species per stand. 

Maple species dominated the large-seedling composition (Table 2). Red 

maple accounted for 63.2, 63.2, and 53.3% of all seedlings found on QAE, AQV, 

and PMV stands respectively. Sugar maple represented 84.2 (56.7 without Bird 

Lake), 92.9, and 57.9% of all seedlings found on AVVib, ATD, and AViO. 

Complete stand breakdowns are available in Appendix 12. 

Table 2. Average densities, Coefficient of variation (C.V.),average richness(# 
species), dominant species and percentage of dominant (Pere. Dom.) species for 
large-seedlings in six habitat types common to north-central Wisconsin. No 
significant differences in densities was detected. 

Average Dominant 
Habitat Type Seedlings/ha C.V Richness Species Pere Dom 

QAE 3125 136.4 3.5 Acru 63.2 
AQV 9925 91.4 4.75 Acru 63.2 
PMV 8400 54.5 4.0 Acru 53.3 
AVVib 29650 139.3 7.0 Acsa 84.2 
AVVib* 9233 83.2 7.0 Acsa 56.7 
ATD 20200 110.7 4.0 Acsa 92.9 
AViO 3500 82.6 3.5 Acsa 57.9 

Acru = Acer rubrum; Acsa = Acer saccharum 

* A VVib averages with one stand removed which probably represents a statistical 
outlier 
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Small-Seedling Densities and Composition 

Nineteen stands were surveyed in 1992. Average small (<25 cm) seedling 

densities tended to increase with site quality (Table 3). However, no significant 

differences were detected between habitat types (p = .24). QAE had the lowest 

average density at 20208 seedlings/ha. AQV was slightly higher at 36111/ha. 

Average density doubled in the PMV habitat type with 72500/ha, but then 

dropped at A VVib with 43333/ha. Densities were highest in the richest habitat 

types; the averages were 142500/ha and 99791/ha for the ATD and AViO habitat 

types respectively. However, it should be noted that only two ATD stands were 

included in the 1992 survey. 

Variation within habitat types was large for most types. For example, three 

QAE stands had densities of2500/ha or less whereas a fourth stand had a density 

of 7 6666/ha. One A ViO stand had a density of 14166/ha whereas another had 

280833/ha, a twenty fold difference. The C.V. within habitat types ranged from 

186. 3 for Q AE to 11. 5 for A VVib. The lowest densities encountered were 

833/ha in two QAE stands, and the highest density was 280833/ha in an AViO 

stand. Complete stand breakdowns are presented in Appendices 10-11. 

Average small-seedling richness did not follow any strong pattern. 

However, it peaked (4.33) at A VVib as it did for large-seedlings (Table 3). QAE 

had the lowest average at 1.25 species and the ATD habitat type was next lowest 

with 1. 5 species. The PMV and A ViO habitat types were next highest at 3 .0 

species on average. 

Maple species dominated the composition of small-seedlings across the 

entire site quality gradient (Table 3). Percentage dominance of maple species was 

much higher in the small-seedling stratum than in the large-seedling stratum. Red 

maple accounted for 95.9, 91.7, and 88.9% of all seedlings found in the three 

lowest habitat types respectively (QAE, AQV, PMV). At the A VVib habitat type 
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a transition occurred with red maple (39.7%), sugar maple (25%), and red oak 

(26.9%) sharing dominance. On the two richest habitat types, ATD and AViO, 

sugar maple accounted for 99.4 and 95.8% of all small-seedlings. 

Table 3. Sample size (N), average density, coefficient of variation (C.V.) average 
richness(# species), dominant species, and percentage of dominant(%. Dom.) 
species for small-seedlings ( < 25 cm) in 1992 for six common habitat types of 
north-central Wisconsin. No significant differences in densities were detected 
among habitat types. 

Average Dominant 
Habitat Type N Seedlings/ha C.V Richness Species %Dom. 

QAE 4 20208 186.3 1.25 Acru 95.9 
AQV 3 36111 155.3 2.33 Acru 91.7 
PMV 3 72500 85.1 3.0 Acru 88.9 
AVVib 3 43333 11.5 4.33 Acru 39.7 

Quru 26.9 
Acsa 25.0 

ATD 2 142500 27.3 2.25 Acsa 99.4 
AViO 4 99791 123.1 3.0 Acsa 95.8 

Acru = Acer rubrum; Acsa = Acer saccharum; Quru = Quercus rubra 

In 1993, 23 stands were inventoried, and there was no significant 

differences in small-seedling densities between habitat types (p = .61). As in 1992, 

small-seedling densities were highest at the richer habitat types (Table 4). The 

ATD habitat type had the highest average density with 152083/ha with the AViO 

habitat type second at 92917 /ha. The A VVib habitat type had the lowest average 

at 48959/ha. Figure Two illustrates the fluctuation in seedling densities between 

1992-93. A major difference between the 1992 and 1993 densities was the large 

increase in average densities found on the QAE and AQV habitat types. The QAE 

habitat type increased from 20208/ha to 54167/ha, and the AQV habitat type went 
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from 36111/ha to 53334/ha. In both habitat types this was attributable to one 

stand that had a much higher 1993 seedling density. The Mathwig site (QAE) had 

a 1992 density of76666/ha, whereas in 1993 its density was 212500/ha. Likewise, 

the Frank Lake site, an AQV stand, went from 100833/ha to 196667/ha. Three of 

the habitat types had a slight increase in average densities in both years. The 

exception was A ViO which had a small decrease from 1992 to 1993. 

Figure Two. A comparison of average small (<25 cm) seedling densities in 1992 
and 1993 for six common habitat types of north-central Wisconsin. 
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little variation with a C. V. of only 15. 9. The highest density found was in the 

Zimmer Road site, an ATD stand having 285833/ha. 

Average small-seedling richness in 1993 followed a similar pattern to 1992. 

The QAE and ATD habitat types once again averaged the fewest species at 1.25 

and 2.25, respectively. The A VVib habitat type was highest in 1993 also, 

averaging 4.75 species. The PMV habitat type was second highest at 3.5 species 

followed by the AViO type which averaged 3.0 species. No major changes in 

richness occurred between 1992 and 1993. Surprisingly, average small-seedling 

richness was lower than large-seedling richness across the entire site quality 

gradient. For instance, QAE averaged 1.25 species in the small-seedling class in 

1992 and 1993 whereas it averaged 3. 5 large-seedling species. A VVib averaged 

4.75 species of small-seedlings in 1993 and 7.0 species oflarge-seedlings. 

Table 4 Sample size (N), average density, Coefficient of Variation (C.V.),average 
richness(# species), dominant species, and percentage of dominant(% Dom.) 
species for small-seedlings ( < 25 cm) in 1993 for six habitat types common to 
north-central Wisconsin. No significant differences in densities were detected 
among habitat types. 

Average Dominant 
Habitat Type N Seedlings/ha C.V. Richness Species % Dom. 

QAE 
AQV 
PMV 
AVVib 

ATD 
AViO 

4 54167 
3 53334 
4 76667 
4 48959 

4 152083 
4 92917 

194.9 
153.0 
111.9 

15.9 

63.6 
94.6 

1.25 
2.67 
3.5 
4.75 

2.25 
3.0 

Acru 
Acru 
Acru 
Acsa 
Acru 
Quru 
Acsa 
Acsa 

96.5 
91.4 
88.0 
39.6 
31.5 
18.7 
95.6 
88.3 

Acru = Acer rubrum; Acsa = Acer saccharum; Quru = Quercus rubra 

Maple species dominated the composition of small-seedlings in 1993. Red 

maple accounted for 96.5, 91.4, and 88.0% of all seedlings found on the QAE, 
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AQV, and PMV habitat types, respectively. Once again A VVib represented a 

transition between red and sugar maple. The major difference was that sugar 

maple was the leading dominant in 1993 accounting for 3 9. 6% of all seedlings as 

compared to red maple which was dominant in 1992. In 1993 red maple 

accounted for 31.5% of all seedlings and red oak represented 18.7% of all 

seedlings found on A VVib. The switch in dominance from red to sugar maple in 

1993 is due to the A VVib stand (Bird Lake) added in 1993. Not only did this 

stand have the highest small-seedling density of any A VVib stand in either year, 

but 78% of its seedling were sugar maple. Sugar maple continued to dominate the 

composition of ATD and A ViO accounting for 95.6 and 88.3% of all seedlings. 

Light 

Light was measured in sixteen stands in 1993. Significant differences (p <. 

001) were detected in the light environment found among and within the six 

habitat types. Light varied significantly by height measured (p <. 00 I) with the 

interaction between height of measurement and habitat type being significant (p < 

.001). Light did not significantly vary by location (recruitment heights in 5 x 5 m 

vs 1 x 1 m, p = .504). Table five lists the mean PAR (uE m2 s-l) in the habitat 

types at recruitment (Ix Im and 5 x 5 m plots) and groundfloor (1 x 1 m plots). 

Generally, the three poorest habitat types had a significantly higher PAR average 

than the richer three types. At recruitment height in the 1 m x 1 m quadrats QAE 

and AQV had a significantly higher PAR reading than the other habitat types. 

Also, PMV stands had significantly more light than the A VVib, ATD, and AViO 

habitat types. 

At the forest floor the QAE habitat type had significantly more light than 

the other five types. The AQV and PMV habitat types had significantly more light 

than A VVib, ATD, and AViO. Light was generally somewhat less at the 
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groundfloor as compared to recruitment height. In the PMV, A VVib, ATD, and 

A ViO habitat types the difference in PAR at recruitment height and groundfloor 

was minimal. However, for QAE, and especially AQV, the difference was much 

greater. 

At recruitment height in the 5 m x 5 m the QAE habitat type had 

significantly more light than the other five types. AQV and PMV had more light 

than the three richest habitat types. Mean PAR at recruitment height was similar in 

the lm x lm quadrats and the 5 m x 5 m plots for all types except AQV and 

A VVib. AQV had a mean PAR of 504 in the 1 m x 1 m and a mean of 246 in the 

5 m x 5 m. A VVib had a mean PAR of 45 at the 1 m x 1 m level and 103 in the 

5 m x 5 m level. 

Tahle 5 Average PAR (uE m2 s-l) at recruitment height (Rct) and at the forest 
floor (Ft) in the lm x lm and Sm x Sm quadrats in six habitat types common to 
north-central Wisconsin. Vertical column means followed by a different letter are 
significantly different (p<.05). 

lmx lm Smx5m 
Habitat Type N Rct Ff Rct 

QAE 3 507a 430a 505a 
AQV 3 504a 340b 246b 
PMV 3 256b 239b 282b 
AVVib 3 45c 43c 103c 
ATD 2 53c 52c 62c 
AViO 2 .Ak .3..Qc. -5Ac. 

Mean 235 189 209 

N = number of stands sampled 
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Soil Moisture 

Percent soil moisture tended to increase with site quality (Table 6), and 

was (overall mean) significantly lower (p < .001) in August than in June. The 

QAE habitat type was significantly drier (p = .012) in June than the PMV, A VVib, 

ATD, and AViO habitat types. In August, QAE was only significantly (p = .019) 

drier than the ATD habitat type. In June the AQV type was significantly drier than 

PMV and ATD, but in August it was not significantly different from the other 

habitat types. 

Table 6. Average percent soil moisture (upper 5 cm) in June and August of 1993 
in six habitat types common to north-central Wisconsin. Vertical column means 
followed by a different letter are significantly different. 

~ August 
Habitat Type N %Moist. N %Moist % Decrease 

QAE 3 13.0a 3 9.4ab 27.6 
AQV 3 14.6ab 3 11.8a 19.2 
PMV 3 22.6bc 4 11.6a 48.7 
AVVib 3 23.7b 4 13.4a 43.4 
ATD 2 26.6bc 4 19.0ac 28.6 
AViO 3 ...llJ)_b 4 J.Q.2.a 29.6 

Mean 20.2 Mean 13.8 

N = number of stands sampled 

Percent Cover - Early and Late Season 

Mean early growing season cover ranged from a low of 24. 7% at the PMV 

habitat type to a high of 50.5% at the AQV habitat type (Table 7). Average late 

season cover varied from 31.8% for AViO to 75.6% for QAE. 
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Significant differences were detected between habitat types for both times 

of measurement. Early season total cover was lower in the PMV habitat type 

(p::;:::_0001) than all habitat types except A VVib which was significantly lower than 

A ViO. Late season total cover was significantly lower (p < . 000 I) in the A ViO 

habitat type than all other habitat types. The QAE habitat type had significantly 

greater late season total cover than the other five habitat types. 

Four habitat types (QAE, PMV, A VVib, and ATD) increased in mean total 

cover from early to late season. The AQV habitat type had the exact same mean 

cover for early to late season, whereas the A ViO habitat type had a substantial 

decrease in mean cover of32.6%. 

Table 7 Mean early (May) and late (August) season percent cover and percent 
change from early to late season in 1993, of all vascular plants less than 1. 0 m tall 
in six habitat types common to north-central Wisconsin. Vertical column means 
followed by a different letter are significantly different (p<. 05) 

Early Season Late Season 
Habitat Type N % Cover N % Cover %Change 

QAE 4 44.9a 4 75.6a 68.3 
AQV 2 50.5a 3 50.5b 0.0 
PMV 3 24.7bc 4 41.8b 69.2 
AVVib 4 34.0ab 4 43.2b 27.1 
ATD 2 42.0a 4 49.5b 17.9 
AViO 4 47.2ac 4 31.8c -32.6 

N = number of stands sampled 

Correlation Analysis - Seedling Densities and Overstory 

In the 1992 analysis, small-seedling density was significantly correlated 

with maple basal area (r = .69, p = .001). No significant correlations existed 

between small-seedling density and total basal area, trees/ha, coniferous basal area, 
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overstory richness, small-seedling richness or large-seedling density. Small 

seedling richness was correlated with overstory richness (r = .78, p = .001) and 

coniferous basal area (r = .51, p = .01). Large-seedling density was not 

significantly correlated with any variables. 

In 1993 the correlation matrix also included soil moisture in June and 

August, light at groundfloor and recruitment heights, and large-seedling richness. 

However, as with 1992, small-seedling density was only correlated with maple 

basal area (r = .45, p = .05). Small-seedling richness was not related to overstory 

richness as in 1992, but was correlated with soil moisture in June (r = .56, p = .05). 

Large-seedling density was only related to large-seedling richness ( r = .43, p = 

.05). 

Predicting Small-Seedling Densities from Overstory Characteristics 

Using the same variables included in the correlation analysis, the 1992 

regression equation was able to explain two-thirds of the variation in small 

seedling densities but with a high standard error (Adj. R"2 = .66; SE= 42966). 

Maple basal area, coniferous basal area, and overstory richness were the significant 

predictor variables. 

The 1993 regression did not explain as much of the variation (Adj. R"2 = 

.45; SE= 55370), nor did it include the same variables. Total basal area and maple 

basal area were the only variables selected as significant. Results of both 

regressions are provided in Appendix 17. 

Correlation and Regression of Small-Seedling Quadrat Data 

Several variables were significantly correlated with 1992 seedling densities 

in the 1 m x 1 m quadrats. However, only sugar maple density (r = .84, p = .001) 

was strongly related to total density. Red maple density had a significant but weak 

(r = .38, p = .001) relationship with total density. Herbaceous cover (r = -.23), 

moss and lichen cover (r = -.25), woody cover (r = .18), total above-ground 
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biomass (r = -.25), and seedling richness (r = .23) were all significantly (p = .001) 

correlated with seedling density although their coefficients were quite low. 

In 1993 fewer variables were correlated with seedling density. The 

relationship with sugar maple was much weaker (r = .27, p = .01). All other 

variables significantly correlated in 1992 were not significant in 1993. Two 

variables added in 1993 were significant but their correlation was weak. Light at 

the groundfloor (r = -.21) and at recruitment (r = -.19) were both significant (p = 

.01). Correlation matrices for both years are provided in Appendix 16. 

A regression equation was created in 1993 to predict seedling density in the 

Im x Im quadrats. Although a significant regression equation was found, it 

explained little variation (Adj. R"2 = .14; SE= 10.4). Bare soil, herbaceous cover, 

and moss and lichen cover were the predictor variables. 

Large-Seedling Densities and Growth 

In 1992, no equation was able to predict large-seedling densities. In 1993 

a significant equation was found but it explained little variation (Adj. R"2 = .27; 

SE= 7216) and included only large-seedling richness as a predictor. The results of 

this regression are in Appendix I 7. 

Table eight lists average height growth of red and sugar maple seedlings 

measured in 1992 in the six habitat types. Only maple seedling height growth was 

summarized due to their dominance of the large-seedling stratum. The analysis 

was divided by species and then habitat types. Red maple grew significantly (p = 

.0001) faster than sugar maple (3.25 vs. 2.29 cm/year). In addition, red maple 

grew significantly (p < .0001) more on the AQV habitat type than on the PMV 

habitat type (3.99 v. 1.99 cm/year). Red maple's growth was also significantly 

greater on the AQV habitat type than the growth of sugar maple on the A VVib 

and A ViO habitat types. 



57 

Table 8. Average height growth (cm/year) of red and sugar maple seedlings in 
1992 in six habitat types common to north-central Wisconsin. Vertical column 
means followed by a different letter are significantly different (P<. 05) 

Red maple Sugar maple 
Habitat Type N Years Measured Growth/year Growth/year 

QAE 10 49 3.20* * 
AQV 89 383 3.99a * 
PMV 55 230 1.99b * 
AVVib 9 42 3.22* * 
AVVib 108 488 * 2.19a 
ATD 6 27 * 2.68* 
AViO 37 122 * 2.66b 

N = number of stems measured 
* These habitat types were not included in the analysis due to the small number of 
stems measured. 

Recruitment 

Table nine lists the stands sampled, stems recruited, recruitment/ha, and the 

percentage of stems recruited during the 1993 year. Recruitment was measured in 

only two of the three 1992 AQV stands because one was clearcut (Big Lake) 

before it could be revisited. Statistical analysis was not possible on the recruitment 

data due to the small number of stems (19) recruited over the 1992-93 year. Four 

of the QAE recruits were black cherry and two were red maple, all six AQV 

recruits were red maple, the three PMV recruits were red oak, the A VVib recruit 

was sugar maple, and two of the A ViO recruits were sugar maple while the third 

was white ash. Recruits/ha ranged from O for ATD to 300 for AQV, and the 

percentage of stems recruited ranged from 0% for ATD to 4.8% for QAE. 

Including all stands, 1. 7% of all stems were recruited in the one year period. 
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Table 9 Recruitment (movement from seedling to sapling stratum) between 1992 
and 1993 for six habitat types common in north-central Wisconsin. 

Dominant 
Habitat Type N Recruits Recruit Recruits/ha % Recruited 

QAE 4 6 Ps(4) 150 4.8 
AQV 2 6 Ar(6) 300 1.7 
PMV 3 3 Qr(3) 100 1.0 
AVVib 3 1 As(l) 33 0.4 
ATD 2 0 0 0.0 
AViO 4 3 As(2) 50 L4 

Mean* 1.7 

N = Number of stands sampled. 
Ps =Pinus strobus. Ar = Acer rubrum, Qr = Quercus rubra, As = Acer saccharum 
*Mean is weighted by N 
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DISCUSSION 

Arboreal Seedling Richness and Composition 

Maple dominated the composition of both small and large-seedlings. Red 

maple was the dominant species on the QAE, AQV, and PMV habitat types for 

both years. At A VVib, red maple shared dominance with sugar maple and 

northern red oak in the small-seedling class, whereas sugar maple dominated the 

large-seedling class. ATD and AViO were dominated by sugar maple in both 

years. 

While other studies in the Great Lakes region have documented maple 

species as a principle component of the seedling/sapling layer, none have shown 

the level of dominance demonstrated in this study. Maple species comprised 70, 

43, 51, and 56% of all seedlings, respectively, in four site quality classes (low to 

high site quality) of oak stands in north central Wisconsin (Nowacki et al. 1990). 

Host et al. (1987) reported that red maple was the dominant seedling in two of 

three ecosystem groups (Barnes et al. 1982) found on glaciofluvial landforms, 

whereas sugar maple was the dominant seedling for one ecosystem group. Studies 

outside the Lake States have also shown maple dominance of the seedling layer. 

Pallardy et al. (1988) found that sugar maple was increasing in importance over 

oak in all size classes in central Missouri. Lorimer (1984) reported that many oak 

stands in New England were converting to red maple as a result of the less intense 

disturbance regime. The reduction in fire frequency, which may have created and 

maintained many oak stands (Curtis 1959, McCune and Cottam 1985, Mikan et al. 

1994), has allowed opportunistic species such as red maple to increase in 

importance (Lorimer 1984, Mikan et al. 1994). 

The dominance of maple species is not surprising when one considers their 

autecology. Red maple produces a seed crop every year with a bumper crop 

generally every two years (Walters and Y awney 1991). Red maple is shade 
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tolerant and can germinate over a wide range of substrates with usually 90% of its 

seeds germinating (Walters and Yawney 1991). 

Sugar maple also has several autecological characteristics which contribute 

to high seedling densities on favorable sites. It is capable of very large seed crops, 

with densities> 300,000/ha common (Godman et al.1991). Although large 

variations in seed crops have been reported for sugar maple (Curtis 1959, 

Hornbeck and Leak 1991), with bumper crops occurring every 1-4 years, usually 

enough seed are produced to fill the available microsites with seedlings (Hett and 

Loucks 1971). Germination of seeds is very high with up to 95% or more ofits 

seed being successful (Godman et al. 1991). Finally, sugar maple is capable of 

existing in the understory for up to 20 years with little or no increase in light 

(Canham 1989). 

Maple species strongly dominated the small-seedling size class across the 

entire site quality gradient. Red maple dominated on the poorer three habitat 

types, it shared dominance with sugar maple on the transitional habitat type 

(A VVib ), and sugar maple dominated on the richest two habitat types. Reduced 

frequency and intensity of fire disturbance combined with their reproductive 

ecology, has led to the domination noted across a wide range of sites. 

In the large-seedling stratum maple dominance declines noticeably in all 

habitat types except ATD and A VVib. The decrease in maple dominance at the 

larger size class has two possible explanations. First, it suggests that other species 

survive better than maple, which has been documented for eastern hemlock. 

Rogers (1978) reported that eastern hemlock stems were four times more likely to 

become saplings than sugar maple stems. A second possible explanation is 

periodic regeneration. Many species such as white ash (Schlesinger 1991) and 

northern red oak (Sander 1991) exhibit sparse regeneration most years but 

periodically establish a large cohort. It is possible that 1993 and the preceding 
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years represented poor years for other species which allowed maple to dominate 

the composition of small (young) seedlings. However, these periodic reproducers 

would be present in the larger ( older) seedling sizes which includes stems from 

several years, if they are successful at recruitment. The presence of white ash and 

northern red oak as important species in the large-seedling stratum supports this 

conclusion 

The relationship between environmental gradients and species richness has 

been debated for many years. Whereas, some claim no simple relationship exists 

(Gauch and Whittaker 1972 in Austin 1990), others have stated that maximum 

species richness occurs at intermediate site conditions (Grime 1979, Tilman 1982). 

The latter belief is based on the assumption that low light levels limit richness on 

high quality sites and moisture limits richness on poorer sites (Tilman 1982). 

These patterns may also apply in Wisconsin for arboreal species (Auclair and Goff 

1971). Our study supports this hypothesis. QAE, one of the driest habitat types in 

northern Wisconsin (Kotar et al. 1988), has the lowest richness of all habitat types 

in each stratum. In addition, seedling and overstory richness were consistently 

highest at the intermediate or transitional habitat type A VVib. Furthermore, the 

low arboreal richness found on the ATD and A ViO types, along with the lowest 

radiation values, also strongly support this hypothesis. 

Other studies have had conflicting results. Auclair and Goff ( 1971) 

reported that in the Lake States arboreal richness was greatest in stands in the 

middle of an environmental gradient. Loucks (1970) reported a different pattern 

for seedling diversity in southern Wisconsin forests. Diversity was lowest at the 

richer end of the environmental gradient but similar for the poorer and intermediate 

range of the spectrum. However, his environmental gradient was based on 

Curtis's (1959) upland compositional gradient for Wisconsin. This gradient was 

based on the moisture needs of the overstory dominants, and is not considered as 
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accurate in determining site quality as HTCS's (Daubenmire 1966, 1976, Kotar et 

al. 1988). Also, a regional effect may be causing the pattern difference. Louck's 

study took place in southern Wisconsin, while this study occurred in northern 

Wisconsin. 

In addition to radiation and moisture, there was probably a plantation effect 

on seedling richness. With an artificial overstory natural seed input probably has 

been changed. Thus, suitable species are not reaching the site due to a lack of a 

seed source. However, moisture most likely has the stronger effect on seedling 

richness. The AQV communities, which were plantations, did not have as low of 

an average richness as the QAE plantations. 

The intermediate levels of soil resources and high overstory richness in the 

A VVib type probably contribute to its high seedling richness. In this community 

type components of the mesic, northern hardwood forest intermingle with the 

drier, northern pine and oak forests. The poor growth of sugar maple on this type 

prevents it from dominating on these sites and excluding other species. As a 

result, a wide variety of species can be found in these communities including red 

pine, white pine, red maple, and red oak (Kotar et al. 1988). The fact that sugar 

maple had the slowest growth on the A VVib habitat type in this study supports 

this conclusion. 

Seedling Densities 

The regeneration densities found are in a range comparable to other 

studies. Densities ranged from 0/ha for a QAE stand to 285000/ha for an ATD 

stand. Hett and Loucks (1971) reported densities of one year old sugar maple 

ranging from 84000/ha to 904800/ha in Wisconsin. Collins and Good (1987) 

found densities from 3600/ha to 29900/ha in mixed oak stands in New Jersey. 

Nowacki et al (1990) reported densities from 34440/ha to 65052/ha for oak 

stands in north central Wisconsin. 
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Neither small-seedling or large-seedling densities were significantly 

different between habitat types. Four stands per habitat type may be too small a 

sample to detect any significant differences, given the large within-habitat type 

variation. For example, on a stand wide basis, large-seedling densities in the ATD 

habitat type varied from 700 to 47400 seedlings/ha. In 1993 small-seedling 

densities in the QAE habitat type varied from Oto 212500 seedlings/ha. 

Other studies have also reported that total regeneration densities did not 

vary significantly with site quality (Host et al. 1987, Nowacki et al. 1990), but 

individual species did due to their different autecologies and site requirements. An 

analysis of individual species densities across the six habitat types was not 

performed because of the dominance by the two maple species noted earlier. 

Although no significant differences were detected between types, there may 

be a pattern across the site quality gradient. For both years the two richest habitat 

types, ATD and AViO, had substantially higher small-seedling densities. In 1992, 

PMV and A VVib, intermediate in the site quality gradient, had higher densities 

than the two poorer types, QAE and AQV. However, in 1993 the latter two types 

had greater small-seedling densities than A VVib. The autecology of the major 

species and moisture conditions are hypothesized as the major factors contributing 

to these patterns (spatial and temporal). 

The reproductive capacity of sugar maple often leads to high densities on 

favorable sites (Curtis 1959, Hett and Loucks 1971, Taylor and Aarssen 1989), 

Clearly ATD and AViO, mesic and nutrient rich habitat types, represent excellent 

sites for sugar maple growth and survival (Kotar et al. 1988). The regular 

production oflarge seed crops, favorable germination rate, and shade tolerance of 

sugar maple contribute to its success (Godman et al. 1991). While sugar maple 

occurs in the PMV and A VVib habitat types, its growth and survival is poor to 

marginal on these types respectively(Kotar et al. 1988). 



64 

Moisture probably limits reproductive success of some species on QAE and 

AQV, which are dry (Table 6) and nutrient poor habitat types (Kotar et al. 1988). 

Average small-seedling densities increased dramatically on these habitat types from 

1992 to 1993. Average QAE densities almost tripled while average AQV densities 

increased 50%. These large increases were caused by one stand in each type 

which had mature red maple in the overstory. Whereas this may be the result of a 

large red maple seed crop, it is probably due to precipitation differences, or both. 

In 1993, precipitation totals for March through July were considerably above the 

long term average. In 1993, 55 cm of precipitation fell in Oneida County (Naber

Nox 1993) as compared to the average of 38 cm (Boelter 1993). In 1992 

precipitation during this time period was slightly below average at 33 cm (Naber

Nox 1993). The increased precipitation in 1993 created more suitable germination 

conditions and probably explains why a number of red maple seeds germinated on 

the drier habitat types. The investigation by Good and Good (1972) strongly 

suggested that more seedlings (including red maple) became established during a 

moist year, and Collins (1990) found that desiccation was the primary cause of 

mortality for first year red maple and yellow birch seedlings in a mature eastern 

hardwood forest. 

It was hypothesized that densities oflarge-seedlings would be greatest at 

the intermediate sites and lower on the richer sites (due to low radiation levels) and 

poorer sites (limited by available moisture). The pattern found matches this 

hypothesis reasonably well; densities of large-seedlings were lowest at the two 

endpoints of the gradient (QAE and AViO). AQV and PMV shared similar 

densities and when one stand with an inordinately high density of large-seedlings 

was set aside, the A VVib habitat type had a similar average to the AQV and PMV 

habitat types. 
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Low moisture levels are a probable explanation for the low, large-seedling 

densities in the QAE habitat type. Available moisture is generally very low on the 

QAE habitat type (Kotar et al. 1988). In June of 1993 percent moisture in the 

QAE stands was significantly lower than all habitat types except AQV. Water 

availability probably limits growth, survival, and thus recruitment from the small

seedling stratum to the large-seedling stratum in the QAE habitat type. This is 

consistent with the findings of Anderson et al. (1969) for dry sites in northern 

Wisconsin. They reported that available moisture exerted the primary influence on 

total herbaceous cover which is correlated with above-ground biomass (Appendix 

16). Inadequate moisture has been shown to hinder regeneration in other studies. 

Abrams et al. (1985) identified summer drought as one reason for poor 

regeneration in Jack pine stands in Michigan. 

In the A ViO habitat type light may be limiting seedling survival. Tilman's 

(1985) resource ratio hypothesis of plant succession stated that on high quality 

sites light would be the most limiting factor to plant growth. Average PAR was 

very low at all heights on the A ViO habitat type although it was not significantly 

different from ATD and AVVib. Studies have shown that sugar maple does not 

grow well under a dense sugar maple canopy (Curtis 1959, Hett and Loucks 1971, 

Canham 1989). Although it can persist for up to 20 years in deep shade (Poulson 

and Platt 1989), appreciable net growth only occurs with the formation of a gap 

and a resulting increase in the light intensity (Canham 1988,1989). 

This study, and others, suggest that seedling densities vary little along a site 

quality gradient. The large within-habitat type variation in both small-seedling and 

large-seedling densities strongly imply that other factors are controlling 

regeneration densities. These factors are discussed in depth in the following 

section. 
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Overstory/Understory Effects on Arboreal Seedling Densities 

Maguire and Forman (1983), Beatty (1984), Collins and Good (1987), 

Taylor and Aarssen (1989), and Collins (1990) all found correlations between 

microsite conditions and regeneration dynamics. In this study we did not find any 

strong relationships between any of the quadrat level variables and forest 

regeneration. Although some variables had a significant correlation with the 

density of small-seedlings in 1992, none exhibited any relationship in 1993. The 

significant 1992 variables (p. 56) all had low correlations (r <= +/-.25), suggesting 

their impact on the density of small-seedlings was minimal. The lack of significant 

correlations in 1993 may be another precipitation effect. The increased 

precipitation from 1993 probably reduced their importance to the point of 

insignificance. 

The indices of competition used for this study are not without limitations. 

Waller (1981) questioned the use of the neighborhood competition approach in 

plant ecology by stating that low densities, inaccurate measures of plant 

performance and microvariation in site quality limit its usefulness. Mitchley (1987) 

pointed out that species identity, individual size, age, density, and frequency along 

with the spatial and temporal vagaries of the field environment create problems 

with the use of the neighborhood competition approach. Many of the 

aforementioned problems apply to this study. A wide range of species with several 

types of competitive strategies were present in many quadrats. Size (1-25 cm) and 

age (germinants to several years old) varied within the quadrats, and therefore the 

competitive ability within individual species also varied (Collins 1990). In 

addition, low densities in many quadrats were probably attributable to a lack of a 

seed source and not competition. For example, in the QAE and AQV community 

types densities of small-seedlings were very low in stands that did not have mature 

red maple, a shade tolerant species capable of establishing itself in the understory. 
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The relationship between seedling densities and the indices of competition 

was weak. Total above-ground biomass was negatively correlated (r = -.25, p = 

. 001) with seedling densities in 1992, and total cover had a negative correlation 

(r = -.14, p = .001) with sugar maple densities in 1993. Other studies have had 

conflicting results. Maguire and Forman (1983) found that herb cover was 

inversely correlated with total seedling density in a hemlock-hardwood forest in 

West Virginia. However, in another hemlock-hardwood forest the cover of 

ground layer species was not significantly related to abundance and distribution of 

red maple seedlings (Collins 1990). In a dry, fire-maintained ecosystem, Collins 

and Good (1987) found that three of six species common to the New Jersey Pine 

Barrens occurred in areas with greater ground cover. 

The indices suggest that competition has little-to-no-effect on the density 

of seedlings in relatively mature upland stands in northern Wisconsin. Further 

supporting this hypothesis is the lack of a clear relationship between resource 

levels and seedling density. Finally, no relationship was detected between seedling 

density and the diameter or distance of the nearest overstory dominant, another 

potential indicator of competition (Collins 1990). However, other influences 

which may mask competitive effects include: (1) the change in resources 

competed for along the site quality gradient, (2) time of measurements, and (3) 

other forms of interspecific interactions, such as allelopathy and herbivory, which 

were not measured. 

As site quality changes, different resources are likely to be limiting to 

regeneration (Spurr and Barnes 1980, Tilman 1982). On poorer sites, soil 

resources are usually limiting, whereas light is often the most limiting factor on 

richer sites (Tilman 1982, Austin 1990, Goldberg 1990). These conditions result 

in different plant responses (Spurr and Barnes 1980). Where soil resources are 

limiting, the root to shoot ratio is higher, whereas shoot production is greater 
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when light is limiting (Tilman 1982, Goldberg 1990). The indices used do not 

account for differences in root development, nor do they consider what resources 

are limiting. For example, on the poorer sites a measurement of below-ground 

biomass may have been a better indicator of competition, whereas on richer sites 

total vascular cover may be more appropriate. The indices used are probably 

better suited for stand level investigations than studies across a wide site quality 

gradient. 

Time of measurement may be clouding the effects of competition. Seedling 

densities, total above-ground biomass, and total percent cover were measured in 

August, with the 1993 spring cover estimates serving as the only possible indicator 

of early season competition. However, this ignores seasonal mortality, one 

possible indicator of competition (Hett 1971, Hett and Loucks 1971, Collins 

1990). By measuring seedling densities in August we have not quantified within 

season mortality. It has been clearly documented that seedling densities can 

change markedly over the growing season. Curtis (1959) reported a sugar maple 

stand in southern Wisconsin that had a seedling density of 1. 5 million seedlings/ha 

in the spring. By late summer many of the new gerrninants had died reducing the 

density to 80000/ha. Hett and Loucks (1971) also reported high mortality rates of 

first year seedlings. They reported average mortality rates of 76.6, 72.2, and 

3 5 .1 % for sugar maple gerrninants in three counties in Wisconsin. They suggested 

that differences in light levels and precipitation throughfall affected survival. Hett 

(1971) presented evidence that sugar maple mortality was affected by the density 

of germinating seedlings. A comparison of early and late season densities would 

have been more likely to detect competition, if it is occurring. 

Other unmeasured forms of interspecific interactions such as allelopathy 

and herbivory may be important to seedling dynamics of northern upland 

Wisconsin forests. It has been suggested that browsing by deer (Alverson et al. 



69 

1988) has played a major role in changing the composition of forests in northern 

Wisconsin by causing greater mortality in some species, such as eastern hemlock, 

than in others (e.g., sugar maple). Frelich and Lorimer (1985) concluded that deer 

browsing reduced hemlock regeneration in favor of sugar maple in the Upper 

Peninsula of Michigan. Anderson and Loucks (1979) reported the same pattern in 

northern Wisconsin. Heinen and Sharik (1989) found that browsing intensity 

affected the abundance ofindividual species in Michigan. Buckley et al. (1993) 

reported that deer browsing can contribute to the regeneration failure of northern 

red oak in the Great Lakes region. Browsing also has reduced the regeneration of 

species such as black cheny (Marquis 1988) and eastern hemlock (Graham 1954) 

in the Appalachian region and in Michigan (Hough 1965). The results of these 

studies strongly suggest that deer browsing has reduced seedling density and 

possibly favored maple species in our study sites. Furthermore, this also suggests 

that if competition is occurring it would be more difficult to detect. 

Allelopathy is another plausible mechanism that may affect regeneration. 

Several studies have demonstrated allelopathic effects by arboreal and herbaceous 

species. Maguire and Forman (1983) reported possible allelopathic effects of herb 

patches on seedling distribution in a hemlock-hardwood forest in West Virginia. 

Horsley (1977) found allelopathic effects of several herbaceous species on black 

cherry. In the Lake States, Tubbs (1977) documented that sugar maple is 

allelopathic to yellow birch seedlings and several conifer species. With the 

prevalence of sugar maple on the richer habitat types, along with the possible 

undiscovered allelopathic effects of other species, it is probable that to some 

degree, allelopathy is influencing regeneration dynamics in these stands, and thus 

making it more difficult to detect competition. However, no data are available to 

estimate the magnitude of this process. 
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This study suggests that competition has a minimal effect on seedling 

densities in northern Wisconsin upland forests. Furthermore, the effects of 

competition were temporal, and probably influenced by the precipitation difference 

between years. While the validity of the competition indices is uncertain, the 

failure to detect a relationship between resource levels and seedling densities also 

suggest competition has little influence. Instead, herbivory may play a more 

important role as discussed earlier and as suggested by Connell (Connell 1975 in 

Schoener 1983). 

Whereas attempts to explain seedling densities were not fruitful at the 

quadrat level, they were fairly successful at the stand level. Maple basal area was 

the most important variable related to small-seedling densities. Its correlation was 

very high in 1992 (r = .69, p = .001) and slightly lower in 1993 (r = .45, p = .01). 

Furthermore, maple basal area was the only variable found significant in both the 

1992 and 1993 regression equations. The importance of maple basal area is 

obvious considering the dominance of maple in the small-seedling stratum. As 

maple basal area increases so should yearly seed input and theoretically maple 

seedling densities. Nowhere is this more apparent than on the lower two habitat 

types. The Mathwig site, a QAE stand, had densities of76666 and 212500 small

seedlings/ha in 1992 and 1993 respectively. The other three QAE stands had 

densities ranging from Oto 3333/ha in both years. Furthermore, Frank Lake, an 

AQV stand, had densities of 100833 and 196667 seedlings/ha in 1992 and 1993 

respectively. The other AQV stands had densities ranging from 2500 to 12500/ha. 

The major difference between the Mathwig and Frank Lake sites and the other 

QAE and AQV stands, respectively, was the presence of red maple in the 

overstory (Appendices 3,4). 

The 1992 regression equation found, in addition to maple basal area, 

conifer basal area and overstory richness as variables significant to the density of 
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small-seedlings. Conifer basal area exhibited a positive relationship with seedling 

density. However, given the composition of stands in this study and their 

respective seedling densities this does not make sense. The QAE and AQV stands, 

which supported the lowest seedling densities, had much higher conifer basal areas 

(Appendices 3-8). Furthermore, conifer basal area had a negative correlation 

(-.35, not significant) with seedling density. The inclusion of conifer basal area in 

the matrix was probably a result of the stepwise procedure used in the regression 

analysis and does not represent a true biological relationship. 

Overstory richness exhibited a positive relationship with small-seedling 

densities. Three mechanisms related to richness probably interact to influence 

small-seedling densities. First, a larger variety of overstory species should lead to 

a greater variety (species) of seed input. Secondly, with a more diverse overstory 

the variety oflitter inputs to a site would be greater. Finally, a larger variety of 

leaf shapes and arrangements should create greater heterogeneity among 

microsites in light quality and quantity at the forest floor. These last two factors 

should interact to create a greater variety in germination microsites, thereby 

increasing the chance of a seed reaching a favorable regeneration niche. Several 

studies have reported greater densities of some species under specific microsite 

conditions (Beatty 1984, Collins and Good 1987, Collins 1990). 

The 1993 regression equation did not include conifer basal area or 

overstory richness, and was less successful at explaining variation in small-seedling 

densities. Maple basal area and total basal area were the predictive variables with 

both exhibiting a positive relationship. This is similar to the results of Johnson 

(1992) who found that large oak seedling(< 4.1 cm dbh) densities could be 

predicted from total basal area and the basal area of oaks over a threshold diameter 

(>30 or 36 cm depending upon species). However, it must be noted that Johnson's 

study took place on dry, nutrient poor sites and involved much larger seedlings. 
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The positiv(? relationship with basal area may be explained by differences in seed 

input. As basal area increases so does average tree diameter (Stephens and Ward 

1992, Tyrell and Crow 1994). As the latter two variables increase so should seed 

input because large trees bear a dis-proportionately larger amount of seed (Spurr 

and Barnes 1980, Johnson 1992). The increase in seed input and the favorable 

moisture conditions in 1993 could have lead to greater seedling densities. 

Temporal variation in the variables identified as being significant to the 

density of small-seedlings may be explained by yearly precipitation differences. As 

discussed earlier, 1993 represented an above average year for rainfall (Naber-Nox 

1993). Increased moisture was hypothesized as the reason for the large increases 

in seedling survival and thus density in the QAE and AQV habitat types. In 1992 

seedling densities were much higher on the richer habitat types which also had 

much higher maple basal area. However, in 1993 the increased precipitation 

resulted in the poorer sites (less maple basal area) having greater small-seedling 

densities, thus reducing the correlation between density of small-seedlings and 

maple basal area. Many studies have demonstrated a relationship between seedling 

survival and moisture/precipitation. For example, Good and Good (1972) 

reported that a much greater number of seedlings became established during a 

moist year in an eastern hardwood forest. DeSteven (1991) reported that a dry 

spring resulted in higher mortality for six arboreal seedling species in a North 

Carolina old field community. Collins (1990) found that most mortality for red 

maple in a hemlock-hardwood forest in New York occurred during a dry period. 

Hett and Loucks (1971) reported that a very dry year resulted in a complete 

elimination of germinating seedlings in a southern Wisconsin sugar maple stand. 

Only one of the tested variables, large-seedling richness, showed a 

significant correlation with large-seedling densities (r = .43, p = .05). However, 

this probably does not represent a true biological relationship because large-
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seedling density and richness are limited by the same factors. Moisture (QAE) and 

light (AViO) have been discussed (p. 62) as limiting seedling richness on the two 

endpoints of the site quality gradient, thus following the pattern suggested by 

Tilman (1982). It was also hypothesized (p. 66) that moisture limited large

seedling densities in the QAE stands, while light restricted large-seedling densities 

in A VIO stands. The fact that large-seedling densities and richness were lowest on 

the QAE and A ViO habitat types lends support to this explanation. However, this 

may also reflect another ecological relationship. Increased stability has often been 

ascribed to increased diversity because diversity may increase the likelihood that 

the community can withstand perturbations (Odum 1969, Loucks 1970, Connell 

and Slatyer 1977). With increased richness, the impact of a species-specific 

disease, defoliator, or mammalian browser should be less. Another possible 

relationship is with the microenvironment that seedlings occur in. A greater 

variety of species should increase the chance that a regeneration microsite will 

receive a seed capable not only of germination but survival and growth to a large 

seedling. Collins (1990) presented evidence that supports this hypothesis. He 

found that microhabitat conditions of seedlings differed by species and their age. 

No relationship between the overstory and large-seedling densities was 

detect~d, which suggests that other factors are important. Radiation is generally 

important to understory growth and development (Spurr and Barnes 1980) and 

thus is likely to affect large-seedling densities. As seedlings age they generally 

become more responsive to their radiation environment (Kozlowski et al. 1991). 

However, no relationship was detected. This may reflect our measurement of 

light. One measurement of light fails to completely portray the light environment 

experienced by seedlings (Anderson et al. 1969, Collins 1990). This does not 

detect seasonal fluctuations, sunflecks, which are small patches of light moving 
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slowly across the forest floor, and pinholes, which are high in intensity and short in 

duration. 

What other factors are affecting large-seedling densities? Competition for 

soil moisture and herbivory are possible explanations. The effects of soil moisture 

on seedling dynamics have already been discussed. A lack of moisture has been 

shown to affect seedling growth and development (Sander et al. 1984, Ross et al. 

1986). The large decrease in soil moisture during the growing season in all six 

habitat types suggests that competition for moisture is more likely later in the 

season. A second possible explanation is herbivory. Many of the tagged stems 

could not have their past height growth assessed, and in some stands no measure 

of height growth was possible. Most of these unmeasured stems had been severely 

browsed, however this was not quantified. As discussed earlier, it has been 

hypothesized that deer browsing has caused major changes in present day forest 

composition (Alverson et al. 1988). Buckley et al. (1993) presented evidence that 

deer browsing can negatively affect seedling growth and mortality. However, 

Heinen and Sharik (1989) reported that while browsing had affected the relative 

abundance of individual species it had not affected relative height growth of 

seedlings in a Michigan forest. It is likely that browsing has affected the forest 

regeneration in this study, however the exact effects are unknown. 

Growth and Recruitment 

Large-seedling growth (as measured for the past 3-5 years) varied by 

species and by habitat type. Red maple grew significantly faster than sugar maple 

and red maple growth was higher in the AQV habitat type than the PMV habitat 

type. This may be a genetic difference between species. Red maple is 

characterized as having moderate relative growth as a seedling, while sugar maple 

is slow to moderate (Hornbeck and Leak 1991). A second explanation may be the 

higher light intensities experienced by the red maple seedlings. Red maple 
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occurred primarily on the three lower habitat types where radiation was 

significantly greater. Red maples growth in the QAE (3.16 cm/yr), AQV (3.69 

cm/yr) and A VVib (3.22 cm/yr) are all similar to the rate of 3.3 cm/yr reported by 

Good and Good (1972) for red maple in a mature hardwood forest in New Jersey. 

Red maple growth, somewhat surprisingly, had almost twice the average 

growth on the slightly poorer AQV habitat type than PMV, a slightly richer habitat 

type (Kotar et al. 1988). Light was significantly greater in AQV stands at 

recruitment height in the l m x l m quadrats, but not at the groundfloor or at 

recruitment height in the 5 m x 5 m plots. However, it is possible that our 

measurement of light failed to describe the true radiation environment in these 

stands for reasons already discussed. Personal observation leads one to believe 

that the AQV plantations had much greater light intensities at the forest floor 

because of their simple vertical structure (Hunter 1990). AQV plantations were 

primarily composed of one species, and all stems fell within a narrow range of 

diameters. 

One year of data provides only a preliminary indication of long term 

recruitment. Rates of recruitment varied from 0- 4. 8% stems/yr with an overall 

average of 1. 7% of stems/yr. This overall average is very close to the annual rates 

reported by Good and Good (1972) who found rates of 1.2 and 1.3% for a two 

year period in an eastern hardwood forest. The rate of recruitment reported is 

probably accurate in that yearly recruitment would be low under a mature forest in 

the absence of disturbance. Although shade tolerant trees can exist in the 

understory for long periods of time, they require an increase in light intensity to 

experience substantial relative height growth (Canham 1989). Small gaps created 

by the death of a branch which increase light intensity 1-2% are often sufficient to 

release shade tolerant trees such as sugar maple (Canham 1988). However, such 

gaps are quickly closed off by lateral ingrowth (Whitmore 1989). Therefore, in the 
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absence of disturbance, movement from the seedling to sapling stratum should be a 

slow process in most temperate forests. 

Management Implications 

The amount of arboreal competition that a desired species will endure has 

important implications for resource managers. This study suggests that 

competition has little influence on small seedling densities in relatively mature 

forests in northern Wisconsin. However, as the seedling ages it generally becomes 

more responsive to its environment (Collins 1990). Our data suggest that 

competition for moisture (and probably other soil resources) should be greatest in 

the QAE and AQV habitat types. Competition for light should be greatest at the 

A VVib, ATD, and A ViO habitat types, which share similar light levels. 

Kotar et al. (1988) lists soil moisture relationships among habitat types. 

These relationships are based on Bakuzis' (1959) synecological coordinates (Lit. 

Rev. p. 8), and not actual field measurements. The data from this study provides 

the opportunity to critique their findings, although it must be noted that our 

methods were crude, and only depict soil conditions at two points in time. 

However, some differences were apparent. QAE and AQV had significantly lower 

soil moisture in June (Table 6. ). However, PMV, A VVib, ATD, and A VIO were 

not significantly different even though these types range from dry mesic to mesic. 

In August, the only significant difference was QAE had less soil moisture than 

ATD. However, in August, the general pattern was closer to the model ofKotar 

et al. (1998), with moisture increasing with site quality. 

One potential area of concern to resource managers should be the level of 

maple domination across the site quality gradient. All six habitat types appear to 

be succeeding strongly towards maple. This suggests that management is 

necessary on these sites not only for timber purposes, but for wildlife and 

biological diversity concerns. Thus in areas which are set aside, important species 
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such as white pine, red oak, yellow birch, and eastern hemlock will likely continue 

to decline. 

Larger, well established seedlings can be interpreted as the potential future 

composition of forests (Peet and Loucks 1977, Sander et al. 1984). This advance 

regeneration represents an important factor in determining future management 

options for many sites (Sander et al. 1984, Ross et al. 1986, Loftis 1990). The 

HTCS (Kotar et al. 1988) for northern Wisconsin lists management implications 

for each habitat type. The seedling density data from this study allows a critique of 

these implications. 

Jack pine management is considered the best option for QAE stands (Kotar 

et al. 1988). In fact every QAE community located was a jack pine plantation. 

While large-seedling densities were low(<= 1300/ha) in three of the stands, 

evidence suggests that if a seed source is available red maple could be an important 

dominant in a naturally regenerated stand. For example, the Mathwig site, which 

had mature red maple in the overstory (Appendix 3), had a red maple seedling 

density of7100/ha (Appendix 12). 

Jack pine, red pine, and aspen are listed as the best alternatives from a 

timber production standpoint for AQV stands. This is apparent as all stands 

located were either a red or jack pine plantation. However, it is claimed (Kotar et 

al. 1988) that if red maple and red oak are desired they can be easily perpetuated. 

Evidence supports that red oak and red maple can regenerate fairly well in AQV 

stands. For instance, the M&K and Frank Lake site had red maple seedling 

densities of 8400 and 16100/ha, respectively, and red oak densities of 3400 and 

4300/ha. 

Pine (jack, red, or white) management is also recommended for PMV 

stands. Red oak is claimed as a good alternative for wildlife or fiber production 

but not for sawlogs. The HTCS guide states that while red maple is often found in 
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the seedling and sapling class it is not capable of dominating the overstory. White 

pine, identified as the expected climax species, was an overstory dominant in the 

three natural (non plantation) stands. However, it exhibited sparse regeneration 

with densities of 0, 700, and 1100 in these stands. Red maple and red oak were 

the dominant large seedlings in these stands. In addition, red maple had the most 

trees/ha (Appendix 5) of any species but with a lower basal area than others, 

suggesting that it is increasing in importance in these stands. However, in an 

undisturbed stand, red maple would probably represent a secondary canopy under 

white pine, as suggested by Kotar et al. (1988) 

The HTCS guide for northern Wisconsin presents several alternatives for 

managing A VVib stands. The high overstory richness and seedling richness found 

in this type supports this. Red maple and particularly red oak are listed as having 

good potential on these sites. While the latter two species were present, their 

densities were much lower than sugar maple. However, sugar maple is not 

considered capable of dominating these sites because of slow growth and poor 

survival (Kotar et al. 1988). Our data supports this in that sugar maple had its 

slowest growth in A VVib stands (Table 8). 

The ATD and A ViO habitat types have similar management potential in 

that they have a strong trend towards sugar maple domination. Our data support 

this in that 93% of all ATD large seedlings and 58% of all A ViO large seedlings 

were sugar maple. 

It must be noted that while over 800 stands (Kotar et al. 1988) were 

studied in the development of the HTCS for northern Wisconsin, only 24 stands 

were used in this study. However, the results of this study support some of the 

suggested management guidelines while casting doubt on others. The suggested 

management alternatives seem mostly correct for the QAE and AQV habitat types. 

Jack and red pine plantations appear to be the best use from a timber production 
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standpoint. However, for AQV stands, red maple and red oak show potential if a 

seed source is available. The results of this study also support the management 

implications suggested for AVVib. Sugar maple, red maple and red oak are all 

regenerating in these stands. Although sugar maple is the dominant seedling in this 

type, its slow growth may prevent it from dominating the overstory. Finally, sugar 

maple management potential appears excellent for the ATD and A ViO habitat 

types. While the density oflarge-seedlings was low in most stands, small-seedling 

densities were quite high. A regeneration cut would undoubtedly release many of 

these smaller seedlings. 

The results of this study do not fully support the management implications 

for the PMV habitat type. White pine, even though it is the expected climax, does 

not appear to have much potential in the PMV stands. It had very low 

regeneration densities even with an adequate seed source. However, red maple, a 

species considered as not being capable of overstory domination (Kotar et al 

1988), seems to be regenerating quite well and is increasing in overstory 

importance. 
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APPENDIX ONE. Habitat type (H-Type), land ownership, county, and legal 
description of study sites. 

LAND LEGAL 
SITE H-TYPE OWNER COIJNIY DESCRIPIION 
Conover QAE State Vilas T42N RI OE SEC 27 
Sayner QAE State Vilas T40NR7E SEC 6 
Mathwig QAE County Vilas T41NR9E SEC 25 
Tamarack QAE County Vilas T42NR9E SEC 36 

M&K AQV State Vilas T42NR7E SEC 32 
Frank Lake AQV State Vilas T41NR7E SEC 24 
Big Lake AQV State Vilas T42NR6E SEC 8 
OldK AQV State Vilas T42NR7E SEC 28 

Seven Mile Lake PMV USFS Forest T39NR12E SEC 7 
Covered Bridge PMV USFS Price T40NR3E SEC 16 
M&N PMV State Vilas T41NR7E SEC 19 
River Road PMV County Vilas T41NRIOE SEC 29 

M&51 AVVib State Vilas T41N R6E SEC 35 
Little Rock Lake AVVib State Vilas T41NR6E SEC 26 
Trout Creek AVVib County Oneida T36N R7E SEC 2 
Bird Lake AVVib State Oneida T39N R6E SEC 8 

Phelps ATD USFS Vilas T42N RI IE SEC 27 
Zimmer Road ATD County Oneida T35N R9E SEC 2 
Long Lake ATD USFS Forest T39NR14E SEC 2 
Shady Knoll ATD USFS Price T40N R3E SEC 27 

Kentuck Lake AViO USFS Vilas T41NR13E SEC 27 
South Exit AViO County Oneida T35N R9E SEC 34 
Birch Lake AViO USFS Florence T40NR16E SEC 7 
Argonne AViO USFS Forest T38NR13E SEC 28 



90 

APPENDIX TWO. Age, basal area per hectare, and trees per hectare of each 
stand. 

SITE H-IYPE AGE BA/HA TREES/HA 
Conover QAE 54 25.2 760 
Sayner QAE 54 28.2 1124 
Mathwig QAE 61 29.6 804 
Tamarack QAE 52 26.3 936 

M&K AQV 51 29.4 680 
Frank Lake AQV 76 32.9 732 
Big Lake AQV 50 29.8 716 
OldK AQV 75 21 752 

Seven Mile Lake PMV 78 34 872 
Covered Bridge PMV 67 40 732 
M&N PMV 58 32.6 760 
River Road PMV 90 36.3 752 

M&51 AVVib 65 24.2 980 
Little Rock Lake AVVib 81 24.9 856 
Trout Creek AVVib 72 29.9 1104 
Bird Lake AVVib 65 21.3 732 

Phelps ATD 75 29.2 704 
Zimmer Road ATD 67 28.7 644 
Long Lake ATD 73 25.3 940 
Shady Knoll ATD 79 31.4 924 

Kentuck Lake AViO 71 32.2 1344 
South Exit AViO 59 34.2 1020 
Birch Lake AViO 85 24.3 888 
Argonne AViO 62 20.3 944 
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APPENDIX THREE. Overstory densities in basal area (MA2/ha) and trees per 
hectare along with importance values (I.V.) for QAE stands. 

BASAL AREA 
SITE SPECIES MA2/HA TREES/HA IV 

Mathwig Pinus banksiana 26.4 656 170.8 
Acerrubrum 1.8 112 20.0 
Pinus resinosa 0.8 4 3.2 
Betula papyrifera 0.5 20 4.2 
Prunus serotina 0.1 12 1.8 

Total 29.6 804 

Tamarack Pinus banksiana 26.1 900 195.4 
Abies Balsamea 0.1 16 2.1 
Pinus resinosa 0.1 12 1.7 
Pinus strobus 0.03 8 1.0 

Total 26.3 804 

Conover Pinus banksiana 23.7 680 183.5 
Abies balsamea 1.4 52 12.4 
Prunus serotina 0.1 28 4.1 

Total 25.2 760 

Sayner Pinus banksiana 28.0 1108 197.9 
Populus species 0.2 16 2.1 

Total 28.2 1124 

Note: Populus species not differentiated. 
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APPENDIX FOUR. Overstory densities in basal area (M"2/ha) and trees per 
hectare along with importance values (I.V.) for AQV stands. 

BASAL AREA 
SITE SPECIES M"2/HA TREES/HA IV 

Frank Lake Pinus resinosa 22.4 404 123.3 
Populus species 4.9 212 43.9 
Acerrubrum 2.2 60 14.9 
Quercus rubra 2.2 24 9.8 
Pinus strobus 1.2 24 6.9 
Betula papyrifera .05 8 1.3 

Total 32.9 732 

Big Lake Pinus bank:siana 26.0 576 167.6 
Quercus rubra 2.6 76 19.3 
Pinus resinosa 1.0 8 4.5 
Acerrubrum 0.1 28 4.2 
Prunus serotina 0.1 20 3.1 
Betula papyrifera .03 8 1.2 

Total 29.8 716 

M&K Pinus bank:siana 29.3 668 197.9 
Pinus resinosa .04 4 0.7 
Prunus serotina .02 8 1.3 

Total 29.4 680 

OldK Pinus resinosa 16.6 344 124.7 
Pinus bank:siana 3.6 96 29.9 
Quercus rubra 0.5 232 33.3 
Pinus strobus 0.2 40 6.3 
Betula papyrifera 0.1 32 4.8 
Salix species .02 8 1.2 

Total 21.0 752 
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APPENDIX FIVE. Overstory densities in basal area (M/\2/ha) and trees/ha along 
with importance value (I. V.) for PMV stands. 

BASAL AREA 
SITE SPECIES M/\2/HA TREES/HA I.V 

M&N Populus species 19.6 276 96.0 
Acerrubrum 6.2 360 65.9 
Quercus rubra 5.2 84 26.5 
Pinus resinosa 0.9 8 3.8 
Pinus strobus 0.5 20 4.1 
Betula papyrifera 0.2 12 2.2 
Abies balsamea 0.03 8 I.I 

Total 32.6 760 

Seven Mile Quercus rubra 16.7 212 73.4 
Lake Pinus resinosa 8.4 164 43.5 

Pinus strobus 3.0 32 12.5 
Acerrubrum 4.2 412 59.7 
Betula papyrifera 1.4 48 9.6 
Picea glauca 0.3 4 1.4 

Total 34.0 872 

Covered Pinus resinosa 39.8 716 197.3 
Bridge Populus species 6.2 4 16.0 

Acer saccharum 0.03 4 0.6 
Prunus serotina 0.02 8 1.2 

Total 40.0 732 

River Road Pinus resinosa 19.5 124 70.2 
Pinus strobus 11.1 136 48.7 
Acerrubrum 4.6 352 59.5 
Betula papyrifera 0.9 88 14.2 
Quercus rubra 0.1 32 4.6 
Picea glauca 0.05 8 1.2 
Prunus serotina 0.04 8 1.2 
Populus species 0.02 4 0.6 

Total 36.3 752 
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APPENDIX SIX. Overstory densities in basal area (M/\2/ha) and trees per hectare 
along with importance value (I. V.) for A VVib stands. 

BASAL AREA 
SITE SPECIES MA2/HA TREES/HA IV 

Bird Lake Acer saccharum 9.5 560 121.1 
Quercus rubra 7.5 68 44.5 
Betula papyrifera 3.7 88 29.4 
Acerrubrum 0.6 12 4.4 
Ostrya virginiania 0.03 4 0.6 

Total 21.3 732 

M&51 Acer saccharum 6.4 320 59.1 
Betula papyrifera 5.8 180 42.4 
Quercus rubra 5.6 76 30.9 
Pinus strobus 2.5 64 16.8 
Populus species 1.0 20 6.1 
Acerrubrum 0.9 72 11.0 
Abies balsamea 0.7 200 23.3 
Pinus resinosa 0.6 4 2.9 
Picea glauca 0.5 4 2.5 
Ostrya virginiania 0.2 40 4.9 

Total 24.2 980 

Trout Creek Quercus rubra 15.2 260 74.4 
Acerrubrum 7.4 428 63.5 
Tilia americana 2.5 64 14.2 
Betula papyrifera 2.2 92 15.7 
Acer saccharum 2.0 216 26.3 
Fraxinus americana 0.5 12 2.8 
Ostrya virginiania 0.1 32 3.2 

Total 29.9 1104 

Little Rock Quercus rubra 10.3 228 68.0 
Lake Acerrubrum 5.2 272 52.7 

Pinus resinosa 2.7 16 12.7 
Populus species 2.6 88 20.7 
Acer saccharum 2.0 152 25.8 
Betula papyrifera 1.5 40 10.7 
Fraxinus americana 0.3 16 3.1 
Ostrya virginiania 0.2 32 4.5 
Abies balsamea 0.1 8 1.3 
Pinus strobus 0.02 4 0.6 

Total 24.9 856 
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APPENDIX SEVEN. Overstory densities in basal area (MA2/ha) and trees per 
hectare along with importance values (I.V.) for ATD stands. 

BASAL AREA 
SITE SPECIES M"2/HA TREES/HA IV 

Long Lake Acer saccharum 15.8 748 142.1 
Populus species 6.1 100 34.7 
Prunus serotina 1.9 64 14.3 
Betula alleghaniensis 1.2 12 6.0 
Betula papyrifera 0.2 8 1.7 
Tilia americana 0.1 4 0.8 
Ulmus americana 0.03 4 0.5 

Total 25.3 940 

Zimmer Acer saccharum 21.7 380 134.6 
Betula alleghaniensis 3.1 52 18.9 
Tilia americana 3.1 68 21.4 
Ostrya virginiania 0.7 140 24.1 
Abies balsamea 0.1 4 0.9 

Total 28.7 644 

Shady Knoll Betula alleghaniensis 15.2 428 99.5 
Acer saccharum 8.0 356 64.0 
Populus species 5.1 64 23.1 
Tsuga canadensis 2.8 28 11.9 
Picea glauca 0.3 4 1.4 

Total 31.4 924 

Phelps Acer saccharum 17.3 548 137.0 
Tilia americana 11.3 144 59.2 
Prunus serotina 0.4 4 2.0 
Ostrya virginiania 0.2 8 1.8 

Total 29.2 704 
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APPENDIX EIGHT. Overstory densities in basal area (MA2/ha) and trees per 
hectare along with importance values (I.V.) for AViO stands. 

BASAL AREA 
SITE SPECIES MA2JHA TREES/HA IV 

South Exit Acer saccharum 16.0 652 110.7 
Tilia americana 14.2 260 67.0 
Betula alleghaniensis 1.8 20 7.3 
Fraxinus americana 1.0 16 4.5 
Ostrya virginiania 0.7 60 7.9 
Quercus rubra 0.3 4 1.3 
Betula papyrifera 0.2 8 1.4 

Total 34.2 1020 

Birch Lake Acer saccharum 16.0 668 141.0 
Tilia americana 7.3 180 50.3 
Prunus serotina 0.4 8 2.5 
Ostrya virginiania 0.3 16 3.0 
Ulmus americana 0.3 12 2.6 
Betula alleghaniensis 0.02 4 0.6 

Total 24.3 888 

Kentuck Lake Acer saccharum 23.6 1184 161.4 
Tilia americana 4.8 104 22.6 
Populus species 2.9 28 11.1 
Prunus serotina 0.6 12 2.8 
Betula papyrifera 0.2 4 0.9 
Ostrya virginiania 0.1 12 1.2 

Total 32.2 1344 

Argonne Acer saccharum 17.3 896 180.1 
Tilia americana 2.7 32 16.7 
Populus species 0.3 8 2.3 
Ostrya virginiania 0.03 8 0.9 

Total 20.3 944 
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APPENDIX NINE. Abbreviations for scientific names used in appendices 10-14. 

Abba - Abies balsamea 
Acru - Acer rubrum 
Acsa - Acer saccharum 
Beal - Betula alleghaniensis 
Bepa - Betula papyrifera 
Fram - Fraxinus americana 
Osvi - Ostrya virginiana 
Pigl - Picea glauca 
Pire - Pinus resinosa 
Pist - Pinus strobus 
Pogr - Populus grandidentata 
Potr - Populus tremuloides 
Prse - Prunus serotina 
Quru - Quercus rubra 
Tiam - Tilia americana 
Ulam - Ulmus americana 
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APPENDIX TEN 1992 small seedling composition and average densities 
(seedlings/ha) in 19 stands. 
QAE 
S1and Acru £rs.e Total 
Tamarack 833 0 833 
Mathwig 75833 833 76666 
Sayner 833 0 833 
Conover 0 2500 2500 

AQV 
Stand Acru Quru Abba Pire Total 
Frank Lake 92500 7500 0 833 100833 
Big Lake 833 1667 0 0 2500 
M&K 4167 0 833 0 5000 

PMV 
S1and Acru_ Quru fut Acfill Ers.e 
River Road 140000 0 0 0 1667 
7 Mile Lake 40000 9167 4167 0 0 
M&N 13333 5833 1667 1667 0 

Total 
River Road 141667 
7 Mile Lake 53334 
M&N 22500 

AVVib 
Stand Acru_ Acfill Quru fut Abba 
Little Rock 36667 0 3333 833 833 
M&51 0 31667 9167 4167 3333 
Trout Creek 1500 833 22500 0 0 

Ers.e Eram Total 
Little Rock 833 833 43332 
M&51 0 0 48334 
Trout Creek 0 0 38333 
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Appendix ten continued. 

ATD 
Stand Acsa Prse Total 
Long Lake 168833 1667 170000 
Zimmer Rd. 115000 0 115000 

AViO 
Stand Acsa Prse Er.am Quru P.atr 
South Exit 27500 0 5833 833 0 
Kentuck Lk. 280000 0 0 0 833 
Birch Lake 64167 4167 0 0 0 
Argonne 10833 2500 833 0 0 

Qsyi__ U1am Total 
South Exit 0 0 34166 
Kentuck Lk. 0 0 280833 
Birch Lake 833 833 70000 
Argonne 0 0 14166 
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APPENDIX ELEVEN 1993 small seedling composition and average densities 
(seedlings/ha) in 23 stands. 

QAE 
Stand Acru Prse &pa To1a1 
Tamarack 0 833 0 833 
Mathwig 209167 1667 1667 212500 
Sayner 0 0 0 0 
Conover 0 3333 0 3333 

AQV 
Stand Acru Quru Pist Abha :erse 
Frank Lake 180000 12500 1667 0 2500 
M&K 11667 0 0 833 0 
OldK 3333 833 0 0 0 

To1a1 
Frank Lake 196667 
M&K 12500 
OldK 4167 

PMV 
Stand Acru Acsa Quru Pist Prse 
River Road 189167 0 1667 5000 0 
7 Mile Lake 62500 0 10000 6667 0 
M&N 13333 1667 6667 1667 833 
CoveredB. 5000 0 0 0 1667 

&pa To1a1 
River Road 833 196667 
7MileLake 0 79167 
M&N 0 24167 
CoveredB. 0 6667 
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Appendix eleven continued. 

AVVib 
Stand Acru A&Sll Quru :eist Abba 
Little Rock 34167 0 3333 0 1667 
M&51 2500 32500 7500 8333 1667 
Trout Creek 21667 833 17500 0 0 
Bird Lake 3333 44167 8333 833 0 

Prse Eram £otr Total 
Little Rock 833 5000 0 45000 
M&51 833 0 833 54167 
Trout Creek 0 0 0 40000 
Bird Lake 0 0 0 56667 

ATD 
Stand Acsa r>.rse Eotr Ii.am_ Total 
Long Lake 145833 4167 6667 0 156667 
Zimmer 285833 0 0 0 285833 
ShadyKnl. 100000 0 0 0 100000 
Phelps 50000 5833 0 10000 65833 

AViO 
Stand_ A&Sll Prse Eram Quru Mr 
South Exit 30833 0 5000 833 0 
KentuckLk. 214167 833 0 0 5000 
Birch Lake 79167 3333 0 0 0 
Argonne 4167 0 26667 0 0 

Tum I1lam_ Total 
South Exit 0 0 36667 
KentuckLk. 0 0 220000 
Birch Lake 0 833 83333 
Argonne 833 0 31667 
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APPENDIX TWELVE Large seedling composition and average densities 
(seedlings/ha) for 24 stands. Asterix denotes stands that were added in 1993. 
Other stands were censused in 1992 

QAE 
Stand Acru Quru Prse :eotr :eist 
Tamarack 300 100 100 0 0 
Mathwig 7100 200 2100 0 0 
Conover 0 1000 200 0 0 
Sayner 500 100 300 300 100 

Bepa Total 
Tamarack 0 500 
Mathwig 100 9500 
Conover 0 1200 
Sayner 0 1300 

AQV 
Stand Acru Quru ~ Pist Bepa 
M&K 8400 3400 1000 0 500 
Big Lake 400 2500 300 200 0 
Frank Lake 16100 4300 100 200 0 
OldK* 200 1100 100 300 100 

:eotr :eire Total 
M&K 0 0 13300 
Big Lake 0 0 3400 
Frank Lake 200 100 21200 
OldK* 0 0 1800 

PMV 
Stand Acru Quru Pist Prse ~ 
M&N 100 7500 0 100 300 
7 Mile Lake 4900 2400 1100 100 0 
River Road 11900 900 700 600 0 
CoveredB* 1000 0 0 1800 0 

Pire Pigl Total 
M&N 0 0 8000 
?Mile Lake 100 0 8600 
River Road 0 0 14100 
CoveredB* 0 100 2900 
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Appendix twelve continued. 

AVVib 
Stand Acs.a Acru Quru Fram :ers.e 
M&51 14300 300 800 0 100 
Little Rock 300 400 500 3000 100 
Trout Creek 1100 900 0 1900 600 
Bird Lake* 84200 3900 1500 0 0 

OSYi &ill Abba Pist Iiam 
M&51 700 400 1300 200 0 
Little Rock 300 100 0 0 0 
Trout Creek 300 0 0 0 100 
Bird Lake* 600 0 500 100 0 

Bepa Total 
M&51 0 18100 
Little Rock 0 4700 
Trout Creek 0 4900 
Bird Lake* 100 90900 

ATD 
Stand Acs.a Acru OSYi :e.otr_ l1lam 
Zimmer 2500 0 400 0 200 
Long Lake 300 100 0 300 0 
Shady Kn.* 45550 1600 0 0 0 
Phelps* 26800 0 900 0 0 

Quru_ Abba Prse EI:am__ Beal 
Zimmer 0 0 0 0 0 
Long Lake 0 0 0 0 0 
Shady Kn.* 100 200 0 0 0 
Phelps 0 300 900 600 100 

Total 
Zimmer 3100 
Long Lake 700 
Shady Kn.* 47400 
Phelps* 29600 
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Appendix twelve continued. 

AViO 
Stand Acsa Eram O.sYi Prse Tum 
Argonne 300 3800 0 300 0 
Birch Lake 6500 0 200 100 100 
South Exit 0 600 100 0 100 
Kentuck 1300 0 0 0 0 

Illam Qw:u Abba Total 
Argonne 0 0 0 4400 
Birch Lake 200 100 0 7200 
South Exit 0 100 200 1100 
Kentuck 0 0 0 1300 
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APEENDIX IHIRTEEN. Average small seedling composition and densities 
(seedlings/ha) for 1992 and 1993 on a habitat type basis. 

QAE 
Year AQru Erse Bepa Iotal 
1992 19375 833 0 20208 
1993 52292 1458 417 54167 

AQV 
Year Acru Quru Abba Pire Pist Prse Total 
1992 32500 3056 278 278 0 0 36111 
1993 48750 3333 209 0 417 625 53333 

PMV 
Year Acru Quru fist AQsa Prse Bepa Iota! 
1992 64444 5000 1945 556 556 0 72500 
1993 67500 4584 3334 417 625 208 76667 

AVVib 
Year AQru Ac;sa Quru Pist Abba Erse Fram Potr Icrtal 
1992 17222 10833 11667 1667 1389 278 278 0 43333 
1993 15417 19375 9167 2292 834 417 1250 208 48959 

ATD 
Year Acsa Prse Potr Pogr Total 
1992 141667 834 0 0 142500 
1993 145417 2500 1250 417 152083 

AViO 
Year AQsa Fram Prse Quru Eotr Osvi Tiarn Ularn Iotal 
1992 95625 1667 1667 208 208 208 0 208 99791 
1993 82083 7917 1042 208 1250 0 208 208 92917 

Note: Because of round off error species averages may not add up to the total 
average. 
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APPENDIX FOURTEEN Large seedling composition and average densities 
(seedlings/ha) per habitat type. 

QAE Acru 
1975 

AQV Acru 
6275 

PMV Acru 
4475 

AVVib Acsa 
24975 

Tiam 
25 

Quru 
350 

Quru 
2700 

Prse Potr 
675 75 

Pist Prse 
175 425 

Pist 
25 

Bepa 
150 

Quru Pist Prse Pogr 
2700 450 650 75 

Acru Quru Fram Prse 
1375 700 1225 200 

Bepa Total 
25 29650 

Bepa 
25 

Total 
3125 

Potr Pire Total 
50 25 9925 

Pire 
25 

Osvi 
475 

Pig! Total 
25 8400 

Potr Abba 
125 450 

Pist 
75 

ATD Acsa Acru Osvi Potr lTiam Quru Abba Prse Fram Beal Total 
18775 425 325 75 50 25 125 225 150 25 20200 

AViO Acsa Fram Osvi Prse 
2025 1100 75 100 

Tiam Ulam Quru Abba 
50 50 50 50 

Total 
3500 
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APPENDIX FIFTEEN. Key to abbreviations used for variables in correlation 
matrix in Appendix Sixteen. 

Acru - Density of small red maple seedlings 
Acsa - Density of small sugar maple seedlings 
Bare soil - Percentage of bare soil cover 
Biomass - Total aboveground biomass of all plants <1.0 m tall (1992 only) 
DBH - Diameter of nearest tree (1993 only) 
Density - Density of small seedlings 
Distance - Distance of nearest tree ( 1993 only) 
Down wood - Percentage of downed wood cover 
Herb cover -Percentage ofherbaceous cover 
Light gf - Light at the groundfloor (1993 only) 
Light rct. - Light at recruitment height ( 1993 only) 
Moss&lich. - Percentage of moss and lichen 
Rock - Percentage of rock cover 
Saplings - Density of saplings 
Spring cover - Percentage of vascular plant cover in the spring (1993 only) 
Total cover - Percentage of total vascular plant cover 
Woody cover - Percentage of woody cover 
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APPENDIX SIXTEEN. Correlation matrices from 1992 and 1993 quadrat 
analysis. 

Herb cover Woody cov. Total cover Bare soil Down wood Moss&lich. Rock 
Herb cover 1 -0.1032 **.8579 0.0956 *-.1745 *.1656 -0.0352 
Woodycov. -0.1032 l **0.2516 -0.0016 0.0425 -0.0723 -0.0883 
Total cover **.8579 **.2516 1 0.0772 *-.1794 0.1371 -0.0497 
Bare soil 0.0956 -0.0016 0.0772 1 0.0239 -0.0982 -0.0435 
Down wood *-.1745 0.0425 *-.1794 0.0239 1 0.0533 -0.0233 
Moss&lich. *.1656 -0.0723 0.1371 -0.0982 0.0533 1 -0.0173 
Rock -0.0352 -0.0883 -0.0497 -0.0435 -0.0233 -0.0173 1 
Saplings 0.02 **.2793 *.1622 -0.0583 -0.0171 -0.0597 -0.0447 
Acru -0.01 **.3364 0.0507 0.051 -0.1074 -0.1108 -0.0648 
Acsa **-.2083 -0.015 *-.1566 -0.0933 -0.0636 *-.1743 *.1863 
Biomass **.4619 *.22 **.5127 0.0488 -0.0263 **.2583 -0.0836 
Richness **-.3320 0.1038 **.-.2629 0.0837 -0.1181 **-.4427 0.0417 
Density **-.2276 *.1775 -0.1386 -0.0622 -0.1222 **-.2458 0.1371 

Saplings Acru Acsa Biomass Richness Density 
Herb cover 0.02 -0.01 **-.2083 **.4619 **-.3320 **-.2276 
Woodycov. **.2793 **.3364 -0.015 *.2200 0.1038 *.1775 
Total cover *.1622 0.0507 *-.1566 **.5127 **-.2629 -0.1386 
Bare soil -0.0583 0.051 -0.0933 0.0488 0.0837 -0.0622 
Down wood -0.0171 -0.1074 -0.0636 -0.0263 -0.1181 -0.1222 
Moss&lich. -0.0597 -0.1108 *.1743 **.2583 **-.4427 **-.2458 
Rock -0.0447 -0.0648 *.1863 -0.0836 0.0417 0.1371 
Saplings l 0.101 -0.0641 0.0542 0.0505 0.0098 
Acru 0.101 I *-.1730 0.0741 0.1225 **.3765 
Acsa -0.0641 *-.1730 I **-.2694 0.0984 **.8419 
Biomass 0.0542 0.0741 **-.2694 1 **-.3250 **-.2464 
Richness 0.0505 0.1225 0.0984 **-.3250 l **.2318 
Density 0.0098 **.3765 **.8419 **-.2464 **.2318 1 

122J. 

Acru Acsa Density Herb cover Wood cover Total cover Spring cover 
Acru 1 **-.2027 -0.0011 0.0226 *.1266 0.0591 -0.0816 
Ac~a **-.2027 1 **.2685 *-.1321 -0.0338 *-.1373 -0.0603 
Density -0.0011 **.2685 1 -0.0422 -0.0107 -0.0499 0.0673 
Herb cover 0.0226 *-.1231 -0.0422 1 **-.3067 , **.7502 **.2770 
Wood cover *.1226 -0.0338 -0.0107 **-.3067 1 **.3144 0.1118 
Total cover 0.0591 *-.1373 -0.0499 **.7502 **.3144 1 **.3251 
Spring cover -0.0816 -0.0603 0.0673 **.2770 0.1118 **.3251 1 
Saplings 0.0318 -0.0394 0.0983 *-.1403 **.2425 0.0448 *.1401 
Down wood -0.0588 0.0064 -0.0068 **-.1655 0.0983 -0.0814 -0.0578 
Moss&lich. -0.0792 **-.1887 -0.0382 **.3118 *-.1351 **.2256 -0.0986 
Rock -0.0657 0.0749 -0.0091 -0.0316 0.0122 0.0061 0.025 
Bare soil -0.042 -0.0688 -0.0217 -0.0227 -0.0509 -0.0396 -0.0365 
Light gf. 0.009 **-.2252 **-.2060 **.2682 0.0005 **.2485 **.2008 
Lightrct. 0.0482 **-.2343 **-.1939 **.2811 0.0135 **.2602 **.2080 
DBH *.1285 -0.0169 -0.0518 -0.0243 0.0488 0.0086 **.1819 
Distance -0.0053 0.0239 -0.0235 0.0527 -0.0249 0.0449 **.2113 

* Signif. LE .05 **-Signif. LE .01 
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Appendix sixteen continued. 

1223. 

Saplings Down wood Moss&lich. Rock Bare soil Light gf. Lightrct. 
Acm 0.0318 -0.0588 -0.0792 -0.0657 ·0.042 0.009 0.0482 
Acsa -0.0394 0.0064 **-.1887 0.0749 -0.0688 **-.2252 **-.2343 
Density 0.0983 -0.0068 -0.0382 -0.0091 -0.0217 **-.2060 **-.1939 
Herb cover *-.1403 **-1655 **3ll8 -0.0316 -0.0227 **.2682 **.28ll 
Woodcover **.2425 0.0983 *-1351 0.0122 -0.0509 0.0005 0.0135 
Total cover 0.0448 -0.0814 **.2256 0.0061 -0.0396 **.2485 **.2602 
Spring cover *.1401 -0.0578 -0.0986 0.o25 -0.0365 **.2008 **.2080 
Saplings 1 0.0338 0.0119 -0.041 *.ll99 0.0101 -0.0318 
Down wood 0.0338 1 0.0115 -0.0526 -0.0033 -0.0217 -0.0ll 
Moss&lich. 0.0ll9 0.0ll5 1 0.0349 -0.1071 **3453 **.4084 
Rock -0.041 -0.0526 0.0349 1 -0.0364 -0.1135 -0.1287 
Bare soil *.ll99 -0.0033 -0.1071 -0.0364 1 -0.0831 -0.1286 
Light gf. 0.0101 -0.0217 **.3453 -0.ll35 -0.0831 1 **.8778 
Light rct. -0.0318 -0.01 l **.4084 -0.1287 -0.1286 **.8778 1 
DBH *.1343 -0.1056 **-.1758 0.0557 -0.0332 0.1052 0.0533 
Distance 0.0768 -0.0762 *-.1531 -0.021 0.0052 -0.024 -0.0027 

DBH Distance 
Acm *.1285 -0.0053 
Acsa -0.0169 0.0239 
Density -0.0518 0.0527 
Herb cover -0.0243 -0.0249 
Wood cover 0.0488 0.0449 
Total cover 0.0086 **.2113 
Spring cover **.1819 -0.0762 
Saplings *.1343 *-.1531 
Down wood -0.1056 -0.021 
Moss&lich. **-.1758 0.0052 
Rock 0.0557 -0.024 
Bare soil -0.0332 -0.0027 
Lightgf. 0.1052 0.0877 
Lightrct. 0.0533 0.0267 
DBH 1 **.2038 
Distance **.2038 1 

* - Signif LE . 05 **- Signif LE .01 
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APPENDIX SEVENTEEN. Results of multiple linear regressions. 

1992 Results 

Dependent variable: Small seedling density/ha 
Adjusted R Square: .66 
Standard Error: 42996 

Analysis of Variance 

DE .ss. MS. 
Regression 3 
Residual 14 

65474426574 21824808858 
25881480712 1848677193 

F = 11.8 

Variable 
Maple basal area 
Conifer basal area 
Overstory richness 
(Constant) 

Significance ofF = .0004 

Variables in the Equation 

B 
1215 

510 
12726 

-182479 

SE B 
226 
150 

5808 
63081 

1993 Results 

Dependent Variable: Small seedling density/ha 
Adjusted R Square: .45 
Standard Error: 55370 

Analysis of Variance 

DF 
Regression 2 
Residual 13 

.ss. 
44183459597 
39856271306 

F=7.2 Significance ofF = .0078 

Variables in the Equation 

Variable 
Maple basal area 
Total basal area 
(Constant) 

B 
4715 
9237 

-221378 

SE B 
1892 
3018 

88277 

Significance 
.0001 
.0043 
.0459 
.0118 

MS 
22091729798 

3065867023 

Significance 
.0270 
.0091 
.0262 



111 

Appendix seventeen continued. 

Dependent variable: Large seedlings/ha 
Adjusted R Square: .27 
Standard Error: 7216 

Analysis of Variance 

Regression 
Residual 

DE 
1 

14 

ss. 
344277692 
728992307 

MS. 
344277692 

52070879 

F=6.6 Significance ofF = .0222 

Variable 
Sapling richness 
(Constant) 

B 
2573 

-2854 

Variables in the Equation 

SE B 
1001 
4851 

Significance 
.0222 
.5657 

Dependent variable: Small seedling density/quadrat 
Adjusted R Square: .14 
Standard Error: 10 

Analysis of Variance 

DE 
Regression 3 
Residual 164 

ss. 
3462 

17869 

_MS 

1154 
109 

F = 10.5 Significance ofF = <.0001 

Variables in the Equation 

Variable 
Bare soil 
Herbaceous cover 
Moss & lichen cover 
(Constant) 

B 
-.355855 
-.073643 
-.122513 

13.295783 

SE B 
.158862 
.030504 
.035962 

1.336686 

Significance 
.0264 
.0169 
.0008 

<.0001 


