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ABSTRACT.-T~~purpose of this study was to determine the most important nonanthro- 
pogenic factors affecting understory (herbs, shrubs and low-growing vines) diversity in for- 
ested landscapes of southern Indiana. Fourteen environmental variables were measured for 
46 sites. Multiple regression analysis showed significant positive correlation between under- 
story diversity and tree seedling diversity and soil subgroup. Slope aspect, soil rooting depth 
and number of standing dead trees were significantly negatively correlated with understory 
diversity. Mesic sites were more diverse in common understory species than xeric sites but 
had lower total cover and different species. 

The understory is typically the most diverse stratum within North American Eastern De- 
ciduous Forests. High understory diversity has been attributed to intrastand heterogeneity 
due to differences in nutrient, light and water availability (Watt, 1947; Randall, 1952; Hutch- 
inson, 1959; Grubb, 1977; Lubchenco, 1983; Beatty, 1984; Turner and Franz, 1986). Hutch- 
inson's (1959) inquiry into why there are so many animal species can be restated: How can 
so many understory plant species coexist in deciduous forests, and why is this diversity not 
uniformly distributed in space or time? 

There are at least three theoretical explanations for high understory diversity. First, based 
on the principles of competitive exclusion and niche partitioning, the potentially infinite 
number of available resource ratios may result in a large number of niches and coexisting 
species (Gause, 1934; Hutchinson, 1959; Tilman, 1988). Second, high species diversity may 
also be due to constant environmental change through time ( i . e . , a disturbance regime), 
which does not allow a species the necessary time to outcompete another species (Huston, 
1979; Sousa, 1979; Chesson and Warner, 1981; Clark, 1991). Third, species coexistence and 
high diversity could be a result of reciprocal selection for a balance of competitive abilities. 
A species cannot outcompete another species due to their differences in competitive abil- 
ities for different resources (Huston, 1979; Aarssen, 1983). 

The general purpose of this study is to define the most important nonanthropogenic 
environmental variables affecting understory species diversity and distribution in second- 
growth deciduous forests between 80 and 120 years of age. Our study focuses on herbs, 
shrubs and low-growing vines as a single group of understory species and considers only 
intrastand heterogeneity on a spatial scale. Actual mechanisms behind high diversity ( i . e . ,  
niche partitioning, disturbance and reciprocal selection for balanced competitive abilities) 
were not tested in this study. 

Three hypotheses are addressed: (1) effects of each chosen environmental variable on 
understory diversity will differ in importance, with water-related variables expected to be 
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TABLE1.-Site type definitions. Site types are designated either mesic or xeric on the basis of water 
availability. The authors realize that there is a gradient between the two extremes and that certain 
mesic areas may be better classified as wet. We chose to simplify the classification into two categories 

Ridges (xeric) 

1-Narrow (> lo  m but <50 m wide, <8% slope gradient) 
2-Broad sloping (>50 m wide, >8% but <15% slope gradient) 
3-Broad flat (>50 m wide and <8% slope gradient) 

Slopes 

4--Gentle slope (<15% slope gradient) (both xeric and mesic) 
5-Moderately steep north-facing slope (315L135" slope aspect, 16-30% slope gradient) (mesic) 
&Moderately steep south-facing slope (136"-314" slope aspect, 1 6 3 0 %  slope gradient) (xeric) 
7-Steep north-facing slope (315"-135" slope aspect, over 30% slope gradient) (mesic) 
8-Steep south-facing slope (136"-314" slope aspect, over 30% slope gradient) (xeric) 

Bottomland areas (mesic/wet) 

9-Major (>67 m wide and about 0.6 km below the beginning of the water course) 
10-Minor (<67 m wide, continuous upstream to the point that the bottom becomes V-shaped-a 

ravine) 

the most important assuming that water is the most limiting resource of plants, (2) under- 
story diversity as a single variable is expected to be significantly positively correlated with 
tree seedling diversity and not with sapling or tree diversity since herbs, shrubs and low- 
growing vines tend to share the lower forest stratum with tree seedlings and are expected 
to manifest a similar response to available resource ratios and (3) habitat heterogeneity 
resulting from topographic differences across a landscape will explain the nonuniforrn and 
nonrandom distribution of understory species. 

METHODSAND MATERIALS 

Study area.-Data were collected from 46 sites in the Pleasant Run Unit of Hoosier Na- 
tional Forest, southeast of Bloomington, Indiana. This area is considered a part of the Beech 
Maple Forest region as defined by Braun (1950). However, this area borders Braun's West- 
ern Mesophytic Forest region, which may change the expected species composition to a 
mixture including oak and hickory as well as beech and maple (Braun, 1950; Vankat, 1979). 
Study sites were located within an area approximating 35 ha of noncontiguous U.S. Forest 
Service land. The actual area sampled was 9.2 ha. The criteria used for selecting sites re- 
quired that each site: (1) be dominated by trees 80 years of age or older, (2) have no 
evidence of recent cutting (for at least 40 years), or other obvious human disturbances, and 
(3) be 0.4 ha or more. Age, disturbance history and size of each site were determined from 
records of the Wayne-Hoosier National Forest (USDA Forest Service) and by direct obser- 
vation. 

Stratified random sampling from a list of USDA Forest Service stands 80 years or older 
was used to select sites representing ten different site types based on topographic differences 
such as slope aspect and gradient and whether the site was a bottomland or ridge (Table 
1).There were five or six sites per site type except for site types 2 and 9, each having one 
site. All data were collected between 10 May and 2 August 1990. 

Environmental variables.-Our choice of environmental variables was based on four fac- 
tors influencing plant growth: light, water, nutrients and plant interactions (i.e., potential 
competition). Direct measurement of these variables was not feasible, but rather, "surro- 



gate" variables were chosen. The surrogate environmental variables measured at each site 
included (1) site type (i.e., topographically defined land forms such as a south-facing slope 
or a ridge), (2) slope aspect, (3) slope gradient, (4) soil subgroup, (5) depth of the 0 
horizon (litter zone), (6) depth of A horizon (humified zone), (7) soil rooting depth (de- 
termined by excavating a pit and measuring the distance to the deepest visible root), (8) 
number of standing dead trees, (9) number of fallen dead trees, (10) canopy opening, (11) 
understory diversity, (12) tree seedling diversity, (13) sapling diversity and (14) canopy tree 
diversity. 

Canopy opening, number of standing and fallen dead trees, slope aspect, and gradient 
and site type were chosen as surrogate measures for both light intensity and soil moisture. 
Soil subgroup and rooting depth were chosen as additional surrogate measures of soil 
moisture. All of these surrogate measures potentially influence the amount of light reaching 
the understory layer and/or the amount of available water or rate of evapotranspiration 
due to changes in (1) Sun's orientation to Earth, (2) angle of incident light, (3) temper- 
ature, (4) soil water holding capacity and (5) soil water availability (Pianka, 1978; Canham 
et al., 1990; Lipscomb and Nilsen, 1990; Chazdon and Pearcy, 1991). 

Soil subgroup, site type, depth of 0 horizon, depth of A horizon and number of fallen 
dead trees were chosen as surrogate variables for nutrient availability. Fallen dead trees 
contribute to the 0 horizon, and the depth of the litter layer might be correlated with 
nutrient flow into the A and lower horizons (Buol et al., 1989; Klinka et al., 1990). A thick 
A horizon should correspond to a productive and possibly diverse understory. Certain soil 
types, i.e., those with moderate clay content, may provide more available nutrients (Buol et 
al., 1989). Certain site types, such as bottomlands, receive runoff, which might be high in 
nutrient content, from higher topographic positions. 

Soil moisture, nutrients and light are shared by understory species as well as tree seedings, 
saplings and trees. These plants are likely to be competing for the same resources; species 
that share the same forest stratum should be the most interactive (Grubb, 1977). However, 
canopy trees and saplings are likely to be affecting the understory species via throughfall 
and light interception (Turner and Franz, 1986). 

Understory species distributions may be explained by the different site types, a surrogate 
measure of intrastand heterogeneity. For instance, disturbance-prone site types, such as 
bottomlands, narrow ridges and steep slopes, have relatively high numbers of canopy open- 
ings due to windfall, erosion, or flooding (Pickett and White, 1985; Adamowicz, 1987). 
Intermediate levels of disturbance may promote high diversity (Connell, 1978; Lubchenco, 
1978, 1983). Moreover, certain site types, such as bottomlands and north slopes, are ex- 
pected to have higher levels of soil water availability compared to site types such as ridges 
and south-facing slopes (Pianka, 1978; Lipscomb and Nilsen, 1990). Each site type was 
designated mesic or xeric on the basis of topography (Table 1). 

Vegetation sampling-Plant species were sampled in four equidistant subplots along a 150- 
m transect on each site. A subplot contained one 16-m2 (4 X 4 m) quadrat for understory 
species cover estimates and tree seedling counts, one 100-m2 circular plot for sapling mea- 
surements, and one 500-m2 circular plot for canopy tree measurements. Percent cover for 
herbaceous species, shrubs and low-growing vines was estimated to the 1% level (species 
designated <1% in cover were arbitrarily given a numerical value of 0.5%) and density of 
tree seedlings was counted in each of the 16-m2 quadrats. Tree seedlings were defined as 
individuals of tree species under 1 m tall. Saplings (individuals of tree species less than 10 
cm dbh and taller than 1 m) were counted in the 100-m2 circular plot in each subplot. This 
circular plot was centered on one of four corners (randomly determined) of each quadrat. 
Live, down and standing dead trees over 10 cm dbh were counted and measured in the 



500-m2 circular plot in each subplot using the same central point as the 100-m2 circular 
plots. The understory, as defined here, includes herbs, shrubs and low-growing vines that 
will never attain canopy height and thus face similar microenvironmental conditions. 

Diversity indices for understory, tree seedlings, saplings and trees were calculated using 
the Simpson diversity index (Ghent, 1991). Ghent argues that the Simpson index is pref- 
erable to other indices because the variance of a given species count equals the rank or- 
dering~ of the species defined by the Simpson index. 

Soil analysis and topographic measures.-A soil pit was excavated at each site to character- 
ize the soil horizons and parent material. The soil pit was located on a random bearing 
between 4 and 12 m distant from a randomly chosen corner of one quadrat within the site 
(usually the first quadrat vegetatively sampled). Augers, which were located at one randomly 
chosen corner of each of the four quadrats per site, were used to determine the soil hori- 
zons and rooting depth at each subplot. Soils were classified to the subgroup level using 
information about texture, pH, horizons present, depth to bedrock, color and pedon struc- 
ture, shape and size. 

Topographic measurements included slope gradient and slope aspect at each subplot. 
Slope aspect was measured using a Silva compass, and slope gradient was measured as a 
percent using a Suunto clinometer. 

The degree of southness (S) of a given slope was determined by S = SIN(X-90°), where 
X is the actual azimuth. It was necessary to convert the radial aspect values to linear values 
for linear regression analysis. Thus, south, southeast, and southwest-facing slopes are posi- 
tive; north, northeast, and northwest-facing slopes are negative; and east and west slopes 
are zero. We assume that the most important aspect differential is between north and south- 
facing slopes. However, it is true that west-facing slopes tend to be drier than east-facing 
slopes due to predominant wind directions and higher ambient temperatures (Lipscomb 
and Nilsen, 1990). 

Canopy opening estimates.-A wide-angle lens set at infinity was used to photograph the 
canopy above each subplot. The camera was mounted on a tripod 1 m above the ground 
and aimed directly upwards before exposures. At a typical canopy height, the area in each 
photograph was estimated to be about 70 m2. Color prints (7 X 10 cm) were made from 
the developed film, and a transparent grid of 4mm2 squares was placed over each photo- 
graph. If a given square was filled 50% or more with open sky (absence of leaves, branches 
or tree trunks), it was counted as open canopy. 

The use of a wide-angle lens and grid to measure canopy opening is a simplified form 
of more sophisticated techniques, such as hemispherical photography using a fish-eye lens 
(Horn, 1971; Canham et al., 1990). Our canopy values are estimates of potential light 
intensity, not actual light intensity. This estimate of potential light intensity does not differ- 
entiate a sapling-dominated site from a tree-dominated site. 

Species distribution description.-Herb, shrub and vine species were categorized by site 
type. A common species was arbitrarily defined as any species that occurred in five or more 
subplots (two or more sites) in a particular site type. Site types 2 and 9, which only had 
one site each, therefore, had no common species. Mean number of total species, mean 
number of common species, and mean percent cover of common species per site type were 
calculated. Species were also designated mesic or xeric according to site types in which they 
occurred and their cover value. 

Data analysis.-All calculations (diversity, degree of southness) and counts were con-
ducted on the subplot level and then averaged for each site. Multiple regression analyses 
(SAS Users Guide, 1985) using understory as the dependent variable were conducted. Two 
general types of models were run: the first included slope aspect and slope gradient (but 
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-Model 1 with understory diversity (Simpson index) as the dependent variable and slope 
aspect and gradient included as independent variables. F Value = 2.1, P > F = 0.039, R-square = 0.58, 
n = 46 

Parameter Standard 
Variable estimate error p > IT1 

Intercept 
Seedling diversity 
Tree diversity 
Sapling diversity 
Slope aspect 
Canopy opening 
Typic hapludalf soil 
Typic dystrochrept soil 
Fluventic dystrochrept soil 
Typic fragiudalf soil 
Typic udifluvent soil 
Lithic dystrochrept soil 
Ultic hapludalf soil 
Slope gradient 
A horizon 
0 horizon 
Soil rooting depth 
Standing dead trees 
Fallen dead trees 

* = P 5 0.05 level of significance 

not site type) among the independent variables; the second included site type but not slope 
aspect and slope gradient among the independent variables. Site type and slope aspect/ 
gradient could not be included in the same regression models because site type is partly 
defined by slope aspect and gradient. Dummy variables were used to categorize the site and 
soil type variables; site types 2 and 9 and the aquic hapludalf soil type (the least frequent 
soil type) were used as the reference variables. Paired sample t-tests showed that the aquic 
hapludalf soil type was not significantly more or less diverse than any other soil type. These 
t-tests also showed that site types 2 and 9 were not significantly more or less diverse than 
any other site type. Significance was defined at the P 5 0.05 level. 

Understory diversity.-In multiple regression Model 1, understory diversity is significantly 
positively correlated with tree seedling diversity and the soil subgroup fluventic dystrochrept 
(a bottomland soil) and significantly negatively correlated with south-facing slopes (slope 
aspect), soil rooting depth and number of standing dead trees (Table 2). Model 2 (Table 
3) shows a significant positive correlation between understory diversity and tree seedling 
diversity as well as a significant negative correlation with number of standing dead trees. 
There is no significant relationship between site type and understory diversity. Instead, it 
appears that including these site types masked the importance of the fluventic dystrochrept 
soil type, which is not significantly correlated with herb diversity in Model 2. A simple 
regression analysis with herb diversity as the dependent variable and date as the indepen- 
dent variable showed no correlation between herb diversity and sampling date. 

Understory species distribution patterns.-One hundred and ninety-eight understory species 



TABLE 3.-Model 2 with understory diversity (Simpson index) as the dependent variable and site 
type included as an independent variable. F Value = 1.9, P > F = 0.069, R-square = 0.69, n = 46 

Parameter Standard 
Variable estimate error P > IT1 

Intercept 
Seedling diversity 
Tree diversity 
Sapling diversity 
Canopy opening 
Typic hapludalf soil 
Typic dystrochrept soil 
Fluventic dystrochrept soil 
Typic fragiudalf soil 
Typic udifluvent soil 
Lithic dystrochrept soil 
Ultic hapludalf 
A horizon 
0 horizon 
Soil rooting depth 
Standing dead trees 
Fallen dead trees 
Narrow ridge 
Broad flat ridge 
Gentle slope 
Moderate north slope 
Moderate south slope 
Steep north slope 
Steep south slope 
Narrow bottomland 

* '= P 5 0.05 level of significance. 

were observed, and 55 of these species were common. The bottomland site type contained 
about twice as many common species (Table 4) than the next richest site type (steep north- 
facing slope). Unlike the average number of common species, the average number of total 
species for each site type were similar (Table 4). Mean percent cover of the understory 
flora differed considerably among site types (Table 4). For instance, site types 6 and 8 
(south-facing slopes) had the highest average percent cover per subplot (41% and 36%, 
respectively), whereas site types 3 (broad ridge) and 5 (moderate north-facing slope) had 
the lowest average percent cover per subplot (16% and 17%, respectively). However, aside 
from site type 3, the mesic site types typically had lower average percent cover per subplot 
than the xeric site types. Thus, xeric site types, which are not species poor, tend to be 
dominated by a few species resulting in more species that can be categorized as rare. 

There were 32 species found only in mesic site types (5, 7, 10) and four species found 
only in xeric site types (1, 3, 6, 8).Seven and eight species were designated as mainly mesic 
and mainly xeric, respectively (Table 5). Four species could not be classified. 

Our first hypothesis predicting that the effects of each surrogate environmental variable 
on understory diversity would differ in importance and that the water-related variables 
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TABLE4.-Mean number of understory species, mean number of common understory species, and 
mean percent cover of common understory species per subplot in each site type. Common is defined 
as occurring in five or more subplots (after multiplying by 0.83 the site types in which 24 instead of 
20 subplots were sampled). Numbers in parentheses are the site type numbers 

Mean # Mean # of Mean % cover 
Site type of species common species of common species 

Narrow ridge (1) 
Broad ridge (3) 
Broad, gentle slope (4) 
Moderate north slope (5) 
Moderate south slope (6) 
Steep north slope (7) 
Steep south slope (8) 
Bottomland (10) 

would be the most important was confirmed; namely, slope aspect, soil subgroup, rooting 
depth, and number of standing dead trees were significantly correlated with understory 
diversity. 

South-facing slopes were significantly negatively correlated with understory diversity. 
Slope aspect is inherently related to available soil moisture and atmospheric moisture. Lips- 
comb and Nilsen (1990) measured soil water availability on northeast and southwest slopes 
in the Appalachian Mountains of Virginia using predawn leaf water potentials. Northeast 
and southwest slopes had similar predawn water availabilities. However, southwest slopes 
had significantly lower leaf water availability during midday. Lipscomb and Nilsen concluded 
that the difference in midday leaf water potential was due to higher atmospheric moisture 
demand (rather than soil water availability) caused by higher ambient temperatures. 

It is possible that the apparent relationship between understory diversity and slope aspect 
in our study is due to a higher atmospheric moisture demand (i.e., a higher evaporation 
rate) rather than limited soil water availability. A higher atmospheric moisture demand is 
a potential stress. Environmental stress, like disturbance, may augment competitive exclu- 
sion resulting in lower diversity (Paine, 1966; Lubchenco, 1978; Pianka, 1978; Basanta et 
al., 1989). Plant species on south-facing slopes may thus be under environmental stress due 
to the potentially higher atmospheric moisture demand. 

The only soil subgroup positively correlated with understory diversity was fluventic dys- 
trochrept, which was found only in bottomlands. The most common soil subgroups found 
in our study area were typic hapludalf and typic dystrochrept; the six other soil subgroups 
occurred infrequently. Dystrochrepts belong to the embryonic Inceptisol soils which have 
little organic matter content and low base saturation levels, making the soil potentially low 
in essential plant nutrients (Buol et aL., 1989). However, the higher soil moistures often 
associated with alluvial soils, such as fluventic dystrochrept, may explain the corresponding 
higher understory diversity. 

Soil rooting depth was significantly negatively correlated with understory diversity. Deep 
root growth may indicate less soil water availability in the upper soil layers. Understory 
species of older stands, unlike pioneer understory species, tend to produce shallow root 
systems. Most herbs, shrubs and vines in our study area have relatively shallow root systems 
and may be dependent on soil moisture in the upper soil horizons (Randall, 1952). Con- 
sequently, understory species in certain site types may not only be experiencing a low at- 
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TABLE5.-Percent cover for common understory species in each site type and mesic/xeric classifi- 
cation. A species is common for a particular site type if it occurred in 5 or more subplots (2 or more 
sites) per site type; site types 2 and 9 are not included because those categories contained only 1 site 
each. The more xeric site types are 1, 3, 6, and 8; the more mesic site types are 5, 7, and 10. Site type 
4, the broad gentle slope, includes both mesic and xeric sites. ~lassificatjon key is: M = only mesic,-x 
= only xeric, +M = in all site types but highest cover in mesic site types, +X = in all site types but 
highest cover in xeric site types, -M = in some xeric site types but highest cover in mesic site types, 
-X = in some mesic site types but highest cover in xeric site types, ? = in site type 4 (both mesic and 
xeric) 

Classi-
Species 1 3 6 8 4 5 7 10 fication 

Actea alba 
Adiantum pedatum 
Amphicaqa bracteata 
Arisaema tnphyllum 
Aster shortii 
Bromus plrgans 
Carex albursina 
C. jamesii 
C. lexiculmis 
C, picta 
C. platyphylla 
Circaea quadnsulcata 
Cryptotaenia canadensis 
Cunila miganoides 14 
Cystopta's fragilis 
Danthonia spicata 4 
Dentana lanciniata 
Desmodium nudzjlorum 12 4 30 
Dioscorea quaternata 3 
Galium apanne 
G. circaezans 3 4 
G, concinnum 
G. tnflorum 
Geum sp. 
Hamamelis virginiana 
Hybanthus concolor 
Impatiens capensis 
Linera benzoin 
Osmorhiza claytoni 
Oxalis grandis 
Panicum boscii 
Parthenocissus quinquefolia 8 8 6 
Pilia pumila 
Poa syluestns 
Podophyllum peltatum 
Polygonatum hflorum 5 11 
Polystichum acrostichoides 
Potentilla simplex 
Prenanthes alba 
Rubus sp. 4 
Sanguinana canadensis 
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Classi-
Species 1 3 6 8 4 5 7 10 fication 

Sanicula canadensis 3 7 M 
Smilacina racemosa 6 M 
Smilax rotundijolia 423 242 107 185 199 63 14 24 + X  
Solidago caesia 5 X 
Stellaria pubera 12 5 M 
Syndesmon thalictroides 10 M 
Touara uirginiana 11 M 
Toxicodendron radicans 4 3 15 -M 
Vaccinium uacillans 28 12 53 76 12 8 -X 
Vwbesina helianthoides 11 M 
Viburnum acerjolium 91 9 10 50 13 49 56 24 +X 
Viola pubescens 6 M 
V triloba 5 3 5 7 -M 
Vitis sp. 10 3 4 6 2 4 -X 

mospheric moisture stress but also a low soil moisture stress, both of which could lead to 
lower diversity values. 

Sites with more standing dead trees had significantly lower understory diversity. The num- 
ber of standing dead trees may indicate older stands (Oliver and Larson, 1990). However, 
the second-growth forests in our study area are not representative of mature temperate 
forests of Indiana. The sites in this study have a history of anthropogenic disturbance; most 
timber harvesting occurred under private ownership before the establishment of the Hoo- 
sier National Forest and forests were clearcut or cleared for subsistence farming. Without 
more information about each site's history, we can only assume that number of standing 
dead trees is an appropriate surrogate measure of light intensity and soil moisture and that 
the resulting increase in light intensity or decrease in soil moisture had a negative effect 
on understory diversity. 

The second hypothesis stated that tree seedling diversity would be significantly correlated 
with understory diversity, whereas sapling and tree diversity would not be correlated. This 
hypothesis was also supported by the results of our regression models. Maguire and Forman 
(1983) found that total percent cover of herbs and tree seedlings were negatively correlated 
in a hemlock-hardwood forest; they attributed this to competition for the shared resources. 
Facelli and Pickett (1991) also showed a negative effect of herbs on tree seedlings due to 
competitive effects. In their study, removal of a dominant herb resulted in an increase in 
tree seedling size. If tree seedlings and understory species are indeed competing, as these 
two studies suggest, it is reasonable to conclude that diversity of understory species and tree 
seedlings would be negatively correlated. Our results show a positive correlation between 
tree seedling and understory diversity, which may indicate that understory species and tree 
seedlings in our study area are not competing. However, a positive correlation between the 
diversity values is more indicative of similar responses to given resources. Equivalent com- 
petitive abilities might be the mechanism behind similar diversity values of understory and 
tree seedling species (Paine, 1966; Lubchenco, 1978; Tilman, 1988). 

Our third hypothesis (stating that'habitat heterogeneity as defined by site types would 
explain the nonuniform distribution of herbs, shrubs and low-growing vines) was also sup- 
ported by our data. Although none of the site types was significantly related to understory 



diversity in the regression models, the models were not created to test for nonuniform 
distribution of understory species; equivalent species diversity values could, therefore, rep- 
resent areas of very different species composition. Species groupings within each site type 
indicate that not only are there more common species in the mesic sites on average, species 
composition also differs considerably from the xeric sites (Tables 4 and 5).This relationship 
between apparent water availability and species distribution also supports the apparent re- 
lationship between water-related surrogate variables and understory diversity. Van Kley's 
(1993) classification key of the Brown County Hills (includes Pleasant Run Unit) and the 
Crawford Upland (south of our study area) also follows a moisture gradient adding support 
to the hypothesis water-related environmental variables are the most important in explain- 
ing understory diversity values and the nonuniform distribution of species. 

We have partly answered the question: Why are there so many understory species and 
why are they not distributed uniformly? The use of multiple regression analysis and diversity 
indices may not be the most informative method of defining important variables; studies 
involving experimental methods that address both temporal and spatial scales should follow. 
However, our study did suggest the variables on which these experiments should focus. In 
addition, we suggest that subsequent studies include site history (anthropogenic and natural 
disturbance) as an independent variable. The composition and consequent diversity values 
of any second-growth forest are obviously influenced by previous perturbations as well as 
environmental factors. 

Acknowledgments.-We thank the USDA Forest Service for funding this research and providing the 
opportunity to participate in the Ecological Classification System project. We also thank D. Whitehead, 
D. Good, L. Delph, J. Vankat and two anonymous reviewers for comments. 

ADAMOWICZ, 1987. Characterization and pattern analysis of tree gaps in the Hoosier National S. C. 
Forest. M.S. Thesis, Indiana University, Bloomington, Indiana. 70 p. 

AARSSEN,L. W. 1983. Ecological combining ability and competitive combining ability in plants: toward 
a general evolutionary theory of coexistence in systems of competition. Am. Nut., 122:707- 
725. 

BASANTA,M., E. DIAZ VIZCAINO, M. CASAL AND M. MOREY. 1989. Diversity measurements in shrubland 
communities of Galicia (NW Spain). Vegetatio, 82:105-112. 

B E A ~ ,  1984. Influence of microtopography and canopy species on spatial patterns of forest S. W. 
understory plants. Ecology, 65:14061419. 

BRAUN, E. L. 1950. Deciduous forests of Eastern North America. Blakiston Company, Philadelphia. 
596 p. 

BUOL, S. W., F. D. HOLE AND R. J. MCCRACKEN.1989. Soil genesis and classification, 3rd ed. Iowa State 
University Press, Ames. 404 p. 

CANHAM,C. D., J. S. DENSLOW, W. J. PLATT,J. R. RUNKLE, T. A. SPIES AND P. S. WHITE. 1990. Light 
regimes beneath closed canopies and tree-fall gaps in temperate and tropical forests. Can. J. 
Fm Res., 20:620-631. 

CHAZDON,R. L. AND R. W. PEARCY. 1991. The importance of sunflecks for forest understory plants. 
BioScience, 40:760-766. 

CHESSON,P. L. AND R. R. WARNER. 1981. Environmental variability promotes coexistence in lottery 
competitive systems. Am. Nut., 117:923-943. 

CLARK,J. S. 1991. Disturbance and population structure on the shifting mosaic landscape. Ecology, 72: 
1119-1137. 

CONNELL,J. H. 1978. Diversity in tropical rain forests and coral reefs. Science, 199:1302-1310. 
FACELLI,J. M. AND S. T. A. P I C K E ~ .  1991. Indirect effects of litter on woody seedlings subject to herb 

competition. Oikos, 62:129-138. 



GAUSE, G. F. 1935. Experimental demonstration of Volterra's periodic oscillation in the numbers of 
animals. J: Exp. Bio., 12:44-48. 

GHENT, A. W. 1991. Insights into diversity and niche breadth analyses from exact small-sample tess 
of the equal abundance hypothesis. Am. Midl. Nut., 126:213-255. 

GRUBB,P. J. 1977. The maintenance of species-richness in plant communities: the importance of the 
regeneration niche. Biol. h.,52:107-145. 

HORN, H. S. 1971. The adaptive geometry of trees. Princeton University Press, Princeton. 144 p. 
HUSTON,M. 1979. A general hypothesis of species diversity. Am. Nut., 113:81-101. 
HUTCHINSON,G. E. 1959. Homage to Santa Rosalia or why are there so many kinds of animals? Am. 

Midl. Nut., 93:145-159. 
KLINKA,K, Q. WANGAND R. E. CARTER. 1990. Relationships among humus forms, forest floor nutrient 

properties, and understory vegetation. Fm Sn'., 36:564-581. 
LIPSCOMB,M. V. AND E. T. NILSEN. 1990. Environmental and physiological factors influencing the 

natural distribution of evergreen and deciduous Ericaceous shrubs on northeast- and south- 
east-facing slopes of the Southern Appalachian Mountains. 11. Water relations. Am. J; Bot., 77: 
517-526. 

LUBCHENCO,J. 1978. Plant species diversity in a marine intertidal community: importance of herbivore 
food preference and algal competitive abilities. Am. Nut., 112:23-39. 

-. 1983. Littmina and Fucus: effects of herbivores, substratum heterogeneity, and plant escapes 
during succession. Ecology, 64:11&123. 

MAQUIRE,D. A. AND R. T. T. FORMAN. 1983. Herb cover effects on tree seedling patterns in a mature 
hemlock-hardwood forest. Ecolog~,64:1367-1380. 

O L ~ R ,C. D. AND B. C. LARSON.1990. Forest stand dynamics. McGraw-Hill, Inc., New York. 467 p. 
PAINE, R. T. 1966. Food web complexity and species diversity. Am. Nut., 100:65-75. 
PIANKA, E. R. 1978. Evolutionary ecology, 2nd ed. Harper and Row Publishers, New York. 356 p. 
PICKETT,S. T. A. AND P. S. WHITE. 1985. Natural disturbance and patch dynamics. Academic Press, 

Inc., San Diego. 472 p. 
RANDALL,W. E. 1952. Interrelations of autecologicai characteristics of forest herbs. Dissertation, Uni- 

versity of Wisconsin. 124 p. 
SAS USER'S GUIDE. 1985. Statistics, version 5 edition. SAS Institute Inc., Cary, North Carolina. 921 p. 
so us^, W. P. 1979. Disturbance in marine intertidal boulder fields: the nonequilibrium maintenance 

of species diversity. Ecology, 60:1225-1239. 
TILMAN,D. 1988. Plant strategies and the dynamics of plant communities. Princeton University Press, 

Princeton, New Jersey. 360 p. 
TURNER,D. P. AND E. H. FRANZ. 1986. The influence of canopy dominants on understory vegetation 

patterns in an old-growth cedar-hemlock forest. Am. Midl. Nut., 116:387-393. 
VAN KLEY, J. E. 1993. An ecological classification system for the Central Hardwoods Region: the Hoo- 

sier National Forest. Dissertation, Purdue University. 435 p. 
VANKAT,J. L. 1979. The natural vegetation of North America: an introduction. John Wiley and Sons, 

New York. 261 p. 
WATT, A. S. 1947. Pattern and process in the plant community. J. Ecol., 35:l-22. 

ryoung
Text Box

ryoung
Text Box

ryoung
Text Box

ryoung
Text Box




