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The seedling regeneration niche: habitat structure of tree seedlings 
in an oak-pine forest 

Scott L. Collins and Ralph E. Good 

Collins, S. L. and Good, R. E. 1987. The seedling regeneration niche: habitat struc- 
ture of tree seedlings in an oak-pine forest. - Oikos 48: 89-98. 

The physical environment to which a seedling is subjected affects its probability of 
survival and recruitment into a population. Aspects of the physical and biotic envi- 
ronment form components of the plant habitat and regeneration niches defined by 
Grubb. The importance of different variables may change during the life cycle of a 
long-lived plant. We measured nine variables that characterize the habitat of six spe- 
cies of one year old tree seedlings in an oak-pine forest in the New Jersey Pine Bar- 
rens. Variables were measured for 25 randomly located individuals of each species as 
well as at 25 random points in the same stand as the seedlings and in two other stands. 
Principal components analysis (PCA) of seedling plus random point data produced 
two habitat gradients: Axis I was a gradient from canopy cover to moss and lichen 
cover and higher light intensity. Axis II was a gradient from high total cover and shal- 
low litter to habitats with less cover and deeper litter layers. Random points were 
concentrated in areas with deep litter and low light whereas most seedlings grew in 
areas with more light and less litter. Discriminant functions analysis indicated that 
seedling habitat breadth was large but that the habitat of Pinus echinata could be dis- 
tinguished from that of Quercus coccinea and Sassafras albidum. 
Seedling density differed among the three stands. Analysis by PCA of the random 
points from the three stands produced similar habitat gradients as in the PCA derived 
from tree seedling habitats. In the stand where seedling density was lowest, litter 
layers were significantly deeper, shrub density was greater and light was lower than in 
the other stands. These trends were confirmed by discriminant functions analysis. 
The multivariate analysis of seedling habitat and regeneration niches can be used to 
explain, in part, seedling density in the ground layer of different forest stands. 

S. L. Collins and R. E. Good, Div. of Pinelands Research, Center for Coastal and 
Environmental Studies, Rutgers- The State Univ. of New Jersey, New Brunswick, NJ 
08903, USA. (Present address of SLC: Dept of Botany and Microbiology, Univ. of 
Oklahoma, Norman, OK 73019, USA). 

.1.. ~~Introduction ~ized niche of a plant. Grubb (1977) divided the plant 1. Introduction niche into four components: life-form, phenology, habi- 
Numerous scale related variables affect the distribution tat and regeneration. Although his review focused on 
of plants and thus the composition of vegetation within the regeneration niche, by presenting the additional 
a plant community. In particular, mechanisms operating components Grubb implicity recognizes their impor- 
at small scales such as germination microsites (Harper tance, as well. There are problems with this formal- 
et al. 1965), litter depth (Sydes and Grime 1981), or ization. First, the approach is categorical because it de- 
neighborhood competition (Goldberg and Werner fines types of niches whereas recent concepts of niche 
1983) may limit the abundance and performance of indi- emphasize an organism-centered approach (Hutchinson 
viduals within a population. These factors are thus im- 1978, MacMahon et al. 1981). More importantly, these 
portant variables related to the formulation of the real- components of the plant niche are not mutually exclu- 
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sive. For example, studies of the habitat niche may be- 
come complicated by the changing physiological toler- 
ances of a plant as it matures. Thus, aspects of the habi- 
tat and regeneration niches must often be analyzed in 
concert to understand plant-environment relationships. 
Nevertheless, Grubb's concept of the plant niche can 
serve as a conceptual focus for detailed studies of spe- 
cies-environment relationships. 

The physiological limits of a plant are often broad 
when considered over the life span of a long-lived indi- 
vidual, however, its sensitivity to environmental factors 
changes with age (Parrish and Bazzaz 1985). The above- 
ground portion of a tree will encounter different light, 
humidity, and wind conditions as it grows from the 
herbaceous layer into the canopy. The physical environ- 
ment to which the tree is subjected at any stage in its life 
cycle will affect continued survival of the individual. To 
some extent, this represents the environmental sieve de- 
fined by Harper (1977). Therefore, it is important to 
analyze the habitat niche for different stages in the life 
cycle of a long-lived plant. Most analyses of species 
niche focus on adults, thus ignoring the important ear- 
lier stages of the life cycle. Here we analyze some phys- 
ical aspects of the habitat of one year old tree seedlings 
in an oak-pine forest in the New Jersey Pine Barrens. 
After germination, seedling mortality is high (Good and 
Good 1972) and the physical habitat surrounding a 
seedling contributes to the probability of long-term sur- 
vival. In this paper we describe and compare the habitat 
of seedlings of six tree species. To do so we apply meth- 
ods used in animal habitat analyses (e.g., James 1971, 
Dueser and Shugart 1979, Collins 1983) to study aspects 
of the plant niche defined by Grubb (1977). Such an ap- 
proach permits quantification of habitat structure and 
variation associated with the location of individuals of a 
species. Also, this type of analysis permits interspecific 
comparisons without invoking the a priori assumption 
that interspecific competition governs species distribu- 
tions. When performed on large geographic patterns, 
James et al. (1984) call this method a quantification of 
the Grinnellian, as opposed to the Hutchinsonian 
(1978) niche. The specific objective here is to provide a 
first step toward understanding the abundance of tree 
seedlings in oak-pine forests of the New Jersey Pine 
Barrens. The results are extended to two other oak-pine 
stands in an effort to explain, in part, seedling abun- 
dance in a broader context. 

2. Materials and methods 
2.1. Study area 

The New Jersey Pine Barrens (Pinelands) cover an area 
of about 445,000 ha on the outer Coastal Plain of south- 
ern New Jersey. Throughout its history, the vegetation 
of the Pinelands has been subjected to natural and man- 
induced disturbances, in particular, fire (Little 1979a) 
and logging (Wacker 1979). Many of these disturbances 

have been reduced during the 1900's and natural vegeta- 
tion has returned to most of the disturbed sites (Robi- 
chaud and Buell 1973). Nevertheless, the large-scale 
pattern of vegetation in the region is attributed mainly 
to past and current disturbances (Little 1979a), al- 
though soil moisture and texture gradients probably in- 
teract with fire to produce the regional vegetation pat- 
tern (Whittaker 1979). The general ecology of the Pine- 
lands has been well described (Forman 1979), but 
detailed data on the ecology of some community-types 
and species characteristics are lacking (c.f. Buell and 
Cantlon 1950). 

2.2. Field methods 

Three oak-pine stands in the north-central Pinelands, 
all within 3 km of each other, were selected for analysis 
of tree seedling density and habitat structure. Stands 1 
and 2 were located in Lebanon State Forest in vegeta- 
tion subjected to periodic prescribed burning. Stand 3 is 
a forest fragment in the Lebanon Lake Estates devel- 
opment that has been isolated by paved roads for at 
least 15 yr. Tree species composition and importance in 
each stand were determined by the point-centered quar- 
ter method (Cottam and Curtis 1956) based on 30 
(Stand 3) or 40 (Stands 1 and 2) points per stand. Tree 
seedling density was determined by counting the num- 
ber of tree seedlings that occurred in 100 (Stand 3) or 
150 (Stands 1 and 2) randomly located 0.5 m2 quadrats. 

In Stand 1, habitat structure was measured for 25 in- 
dividuals of six tree species: Quercus alba, Q. coccinea, 
Q. prinus, Q. velutina, Pinus echinata, and Sassafras al- 
bidum. Twenty-five samples per species were recorded 
because they provided adequate replication while al- 
lowing rapid measurement under uniform conditions. 
All measurements were conducted from late July to 
early August 1984. Seedlings were selected for analysis 
by locating the individual nearest to a randomly located 
point. Random points were located by walking a spec- 
ified distance along a transect and tossing a wire stake in 
a random direction and distance from the transect line. 
Seedlings were aged by searching for terminal bud scale 
scars and several individuals were excavated (after envi- 
ronmental measurements) to determine if they orig- 
inated from seeds or root sprouts. Root sprout data 
were not included in any analyses. Unlike pines, it is dif- 
ficult to age oak seedlings (Merz and Boyce 1956), but 
based on bud scale scars and excavation, we are con- 
fident that most of the oak seedlings we sampled were 
less than two years old. 

Nine habitat variables (Tab. 1) were recorded at each 
point by centering a 14 cm diameter circular quadrat on 
each randomly located seedling. This size quadrat is 
small enough to incorporate the environment immedi- 
ately surrounding a seedling and it is large enough to in- 
clude several measurable environmental parameters. 
Within each quadrat, moss cover, lichen cover and per- 
cent ground layer cover were visually estimated. Litter 
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Tab. 1. Nine variables used to describe the habitat structure of one year old tree seedlings in an oak-pine forest. 

Variable Measurement 

Litter depth Depth of the litter layer immediately adjacent to each seedling. 
Nearest neighbor distance Distance (cm) from the seedling to its closest neighbor in the ground layer. 
Moss cover Percentage of soil surface covered by mosses in a 14 cm diameter circular quadrat centered 

on each seedling. 
Lichen cover Percentage of soil surface covered by lichens in a 14 cm diameter circular quadrat centered 

on each seedling. 
Percent light Photosynthetically active radiation (PAR) measured immediately above each seedling. Values 

were expressed as a percent of the maximum PAR measured outside the tree canopy. 
Canopy cover An estimate of the percentage of cover by overstory trees above each seedling. 
Ground cover An estimate of the percentage of cover by ground layer vegetation in a 14 cm diameter 

circular quadrat centered on each seedling. 
Total cover The summation of ground cover and canopy cover. 
Canopy type A binary variable (0 = deciduous, 1 = coniferous) to indicate that the canopy above each 

seedling was either deciduous or coniferous. 

depth was measured adjacent to a seedling by inserting 
a wire probe down to the soil surface. Light immedi- 
ately above each seedling was measured with a LiCor 
PAR sensor. These measurements, all taken between 
1000 and 1400 hours on clear, sunny days, were ex- 
pressed as a percentage of ambient light, measured in 
an open area near the stand. Distance from the seedling 
to its nearest neighbor in the ground layer (e.g. herb, 
shrub or tree seedling) was recorded. Canopy type (de- 
ciduous or coniferous) above the seedling was noted, 
and an estimate of the amount of canopy cover in the vi- 
cinity of the seedling was determined. Total cover above 
each seedling was derived by summing the cover es- 
timates of the ground layer and canopy layer vegeta- 
tion. Similar measurements were taken at randomly lo- 
cated points in each of the three stands. 

2.3. Data analysis 
Statistical differences among species for each habitat 
variable were analyzed by one-way analysis of variance 
(ANOVA) and Duncan's multiple range test. To im- 
prove normality, continuous variables were log (x + 1) 
transformed and percentage variables were arcsine 
transformed (Sokal and Rohlf 1969). Habitat data were 
also subjected to principal components analysis (PCA) 
and discriminant functions analysis (DFA). Both tech- 
niques have been used extensively in comparative stud- 
ies of habitat structure and niche relationships of animal 
assemblages (e.g. James 1971, Dueser and Shugart 
1979, Wiens and Rotenberry 1981, Shugart 1981, Col- 
lins et al. 1982). Principal components analysis reduces 
the complexity in a multivariate data set by combining 
the original variables into a few new, orthogonal prin- 
cipal components. Correlation coefficients indicate the 
relationship of each original variable to each principal 
component. The position of each sample is then pro- 
jected onto each component and the samples can be cir- 
cumscribed to determine the distribution of a species in 
habitat space. For this study, a data matrix containing 

175 samples (25 samples from each of 6 species and 25 
random points from Stand 1) by nine variables (stan- 
dardized to X = 0, s2 = 1) was used to derive gradients 
based on habitat structure. The PCA was derived from 
a correlation matrix of the nine habitat variables. By in- 
cluding the random points, it is possible to determine if 
each species habitat is different from or is a distinct sub- 
set of the available habitat in this stand (see Smith 
1977). The distribution of each species in habitat space 
was represented by 95% "concentration" ellipses (based 
on Sokal and Rohlf 1969: 528). 

Stepwise discriminant function analysis maximizes 
the distances between predefined groups while mini- 
mizing within-group variance. Samples for each species 
are treated as one group. In this study, DFA was used to 
indicate which combination of the nine habitat variables 
could best discriminate the habitat of the six species. In 
addition, DFA conducts an a posteriori test to deter- 
mine the group in which each sample has the highest 
probability of membership. If samples of species A are 
consistently reclassified as members of species B and 
vice versa, then the general habitat structure surround- 
ing these two species is similar. The efficacy of the DFA 
classification matrix was assessed with Cohen's Kappa 
statistic (Titus et al. 1984). This statistic is a measure of 
the degree to which the DFA classification matrix is bet- 
ter than a randomly constructed matrix. 

Once the general characteristics associated with the 
habitat of one year old tree seedlings have been identi- 
fied, an analysis of habitat structure in other forests may 
explain variation in tree seedling density among stands. 
Both univariate and multivariate methods were em- 
ployed to produce such an analysis with the Pine Bar- 
rens data set. Statistical relationships among the vari- 
ables measured at randomly located points in three 
stands were assessed by ANOVA and Duncan's multi- 
ple range test. Although multivariate analyses do not al- 
ways permit the determination of the contribution of 
each variable, they have the advantage, lacking in uni- 
variate test, of combining all variables into one analysis. 
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For this study, standardized data recorded at the 75 ran- 
domly located points (25 points from each of three 
stands) were subjected to PCA and DFA. PCA was 
used to produce gradients of habitat structure based on 
the variables measured at each random point. The ran- 
dom point samples were then projected onto the PCA 
axes which were defined by a combination of habitat 
variables. The distribution of random samples in habitat 
space was summarized by 95% concentration ellipses. 
This provides a graphic description of the habitat gra- 
dients available for seed germination and seedling es- 
tablishment in each stand. The DFA was used as before 
to determine which combination of habitat variables 
best distinguishes the microhabitat structure among the 
three stands. 

3. Results 
3.1. Seedling habitat analysis 
The same tree species occurred in each of the three 
stands, but species importance values were variable 
among stands (Tab. 2). Quercus coccinea was uncom- 
mon in Stands 1 and 2 which may have limited the distri- 
bution and abundance of Q. coccinea seedlings in these 
stands. The other tree species, however, had a fre- 
quency value greater than 30.0 indicating that each spe- 
cies occurred at about one-third of the sample points. 
Thus, adult distribution for most species is unlikely to 
have limited the distribution of seeds and seedlings 
within each stand. 

Based on the average habitat variables for each spe- 
cies (Tab. 3), it is clear that differences exist in the habi- 
tats of these tree seedlings. In particular, a considerable 
range of average values between species is evident for 
nearest neighbor distance, moss cover, light, canopy 
cover, and ground cover. Although most average values 
had large standard errors, five of the eight variables 
tested were significantly different among species. Dif- 
ferences in nearest neighbor distance and moss cover 
were induced primarily by large values for Quercus coc- 
cinea and Pinus echinata, respectively. In contrast, litter 

depth, canopy cover, and light appear to show a pattern 
of continuous variation among the tree species. 

Principal components analysis produced four factors 
with eigenvalues greater than 1.0 that accounted for a 
total of 74.2% of the variance in the original matrix 
(Tab. 4). Axis I defined the primary habitat gradient 
separating areas with dense ground and total cover from 
areas with high light, more moss and lichen cover, and 
distant nearest neighbors. Axis II separated microhabi- 
tats with high canopy and total cover, and shallow litter 
layers from areas with less cover and deep litter. Axis 
III also reflected a plant cover gradient. In this case, 
when nearest neighbor distance was low, cover of 
ground layer vegetation was extensive but canopy cover 
was reduced. This might indicate increased density of 
ground layer species in canopy openings. Finally, Axis 
IV separated sites based on canopy type (deciduous or 
coniferous) and light. 

Distribution of the species in the space defined by the 
first two principal components (Fig. 1) shows that most 
random points occurred in habitats with high amounts 
of ground, canopy, and total cover. The distribution of 
seedlings, on the other hand, was generally different 
from the random points. Tree seedlings tended to occur 
in areas with less total cover than the random points. In 
particular, seedlings of P. echinata, Q. velutina, and Q. 
coccinea occurred more toward the moss-lichen cover 
end of axis I where litter layers are shallow. In contrast, 
seedlings of Q. alba, Q. prinus, and S. albidum were 
found in areas of greater ground cover. The seedling 
habitats were separated along the second axis, as well. 
Pinus seedlings were located at the high canopy cover- 
shallow litter layer end of the axis. Seedlings of Q. 
prinus and S. albidum occurred in areas with less light 
and deeper litter layers. Based on the size of the ellip- 
ses, the habitats of Q. velutina and P. echinata were 
more variable than those of Q. prinus and Q. alba. This 
variation was primarily associated with shrub cover, lit- 
ter depth and light intensity gradients. 

Seven of the nine habitat variables entered into the 
stepwise discriminant functions analysis (LITDPTH, 
NEARNB, MOSS, LIGHT, CANCOV, TOTCOV, 

Tab. 2. Frequency (number of points of occurrence per species/total number of points) and importance value ((Relative frequency 
+ Relative density + Relative basal area)/3) for canopy sized trees in each stand. Stands 1 and 2 are in continuous forest, Stand 3 
is a forest fragment. 

Species Stand 

1 2 3 

F IV F IV F IV 

Pinus spp.* 47.5 22.4 42.5 11.7 50.0 20.2 
Quercus alba 32.5 10.4 52.5 13.7 73.3 25.2 
Q. coccinea 7.5 2.1 17.5 4.4 20.0 8.8 
Q. prinus 90.0 38.2 87.5 28.7 31.6 34.4 
Q. velutina 70.0 26.9 62.5 41.9 36.7 11.1 
* Mostly P. echinata in Stands 1 and 2, P. rigida in Stand 3. 
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Tab. 3. Means of nine habitat variables for one year old tree seedlings (N = 25 per species) in an oak-pine forest in the New Jersey 
Pine Barrens. 

Variable Quercus Quercus Quercus Quercus Pinus Sassafras P* 
coccinea velutina prinus alba echinata albidum 

Litter depth 2.2b 2.2b.c 3.5a 2.5a'b 1.1c 3.6a 0.0001 
Nearest neighbor distance 31.9a 20.8 14.3 17.8 13.5 15.8 0.0014 
Moss cover 14.1 17.4 2.6 1.6 33.4a 12.4 0.0005 
Lichen cover 0.8 2.0 0.9 0.2 1.8 0.6 0.2955 
Percent light 37.6a'b 48.9a 22.6b 28,8b 33.9a'b 33.3a,b 0.0172 
Canopy cover 72.6a'b 63.2a'b,c 54.4c 73.8a 59.4b,c 61.3bbc 0.0188 
Ground cover 5.1 16.6 16.4 12.9 16.8 16.7 0.4342 
Total cover 77.6 79.8 70.8 86.7 76.2 78.0 0.6426 
Canopy type 0.1 0.2 0.1 0.3 0.1 0.1 - 
* Values in each row with different superscripts are significantly different based on Analysis of variance and Duncan's multiple 
range test. Statistical differences were not determined for canopy type. 

CANTYPE). Based on Cohen's Kappa, the DFA classi- 
fication matrix (not shown) was 42% better than a ran- 
domly constructed classification matrix (Z = 11.2, P < 
0.01). Percent of samples correctly classified ranged 
from a low of 36.0 for Q. velutina to a high of 64.0 for P. 
echinata. Because Q. velutina had the most variable 
habitat (PCA, Fig. 1), it is not surprising that the DFA 
could not derive a well-defined habitat type for this spe- 
cies. Although the PCA also indicated variable habitat 
for P. echinata, 16 of the 25 samples were correctly clas- 
sified as pine habitat by the DFA. In fact, this was the 
only species with zero values in the classification matrix; 
therefore, although the habitat of P. echinata is hetero- 
geneous, it can be distinguished from the habitats of Q. 
coccinea and S. albidum. Given the degree of microsite 
variation in this stand, the habitat breadth of one year 
old tree seedlings is large, but even so, habitat re- 
quirements of some species are sufficiently precise that 
the amount of suitable habitat in a stand may affect 
seedling abundance, recruitment, and species diversity. 

3.2. Stand habitat analysis 

Seedling density of several species did, in fact, differ 
among the three forest stands (Tab. 5). In particular, 
density of Pinus spp., Q. velutina, and Q. prinus seed- 
lings was lowest in the forest fragment that had not been 
recently burned (Stand 3). The lower density may re- 
flect between-site differences in the amount of habitat 
suitable for seedling establishment. Based on measure- 
ments at randomly located points in each stand, litter 
depth, ground cover, and total cover were significantly 
greater while nearest neighbor distance and percent 
light were significantly lower in the forest fragment 
compared with the other two stands (Tab. 6). 

Principal components analysis of the stand habitat 
data set produced three factors with eigenvalues greater 
than 1.0 (70.4% of the variance, Tab. 7). Axis I defined 
a cover-litter depth-light intensity gradient. Where 
cover values for each stratum were large, a deep litter 

layer developed and light intensity was reduced near the 
forest floor. Axis II again indicated that light intensity 
was negatively correlated with canopy and ground 
cover. Axis III was based on differences in canopy type 
between stands. The distribution of samples in the space 
defined by the first two principal components (Fig. 2) 
showed that samples from Stand 3 occurred at the high 
percent cover-deep litter layer end of the first axis, 
whereas samples from Stands 1 and 2 occurred more to- 
ward the higher light end of this axis. Axis II separated 
samples from Stands 1 and 2 based on light intensity 
which was generally lower in the former stand. Based 
on size of ellipses, habitat heterogeneity was greatest in 
Stand 1 because it had several samples with high moss 
and lichen cover and no litter layer. 

Five of the nine habitat variables (LITDPTH, 
NEARNB, MOSS, LIGHT, GRNDCOV) entered into 
the stepwise DFA (Tab. 8). Based on Cohen's Kappa 
the DFA classification matrix was 42% better than a 
randomly constructed classification matrix (Z = 5.47, P 

Tab. 4. Principal components analysis of the correlation matrix 
of nine variables representing the habitat structure surround- 
ing one year old tree seedlings in an oak-pine forest. Four fac- 
tors had eigenvalues greater than 1.0. 

Variable Factor 

I II III IV 

Litter depth 0.62 -0.46 -0.03 0.03 
Nearest neighbor 

distance -0.51 0.24 0.41 0.20 
Moss cover -0.59 0.52 -0.35 -0.13 
Lichen cover -0.44 0.51 -0.49 0.01 
Percent light -0.57 -0.29 0.05 -0.35 
Canopy cover 0.30 0.68 0.59 -0.17 
Ground cover 0.71 0.15 -0.51 -0.10 
Total cover 0.75 0.60 0.04 -0.20 
Canopy type -0.10 -0.19 0.05 -0.91 
Variance 29.7 19.6 12.7 12.0 
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Fig. 1. Principal components 
analysis of habitat for one 
year old seedlings of six tree 
species. Axis I (29.7% of 
the variance) is a gradient 
from canopy cover to moss 
and lichen cover and higher 
light. Axis II (19.6% of the 
variance) is a gradient from 
high total cover and shallow 
litter to habitats with less 
cover and deeper litter (see 
Tab. 4). B = Quercus 
velutina, C = Q. prinus, 
F = Sassafras albidum, 
P = Pinus echinata, 
R - random points, S = Q. 
coccinea, W = Q. alba. 
Sample distribution is 
represented by 95% 
concentration ellipses. 

a, 

.c a .2 

a I 

Distant neighbors 
Higher percent moss 
Higher light intensity 

< 0.01). The heterogeneity of habitat in Stand 1 was re- 
flected by the low number of correctly classified samples 
in the matrix. Although only 52% of the samples from 
Stand 1 were correctly classified, most of the reclassified 
samples were moved to the Stand 2 habitat group. In 
addition, only two of the samples from Stand 3 were 
classified as members of the Stand 1 habitat group. 
Thus, it appears that the physical environment to which 
seedlings are subjected in these two stands is consider- 
ably different. When the samples are plotted in the 
space defined by the first two DFA axes (Fig. 3), most 
samples from Stand 3 are separated from those in 
Stands 1 and 2 along the first axis. In contrast, sample 
distribution along DFA axis II is largely similar. There- 

Tab. 5. Density per hectare of tree seedlings in three oak-pine 
stands in the New Jersey Pine Barrens. 

C 

& 

Species Stand 

1 2 3 

Pinus spp.a 18400 23400 400 
Quercus velutina 3000 3333 600 
Q. prinus 4600 1600 200 
Q. coccinea b 267 1600 
Q. alba 600 933 800 
Sassafras albidum 600 400 -b 

a. Includes Pinus echinata and P. rigida. 
b. Did not occur in quadrat samples but was present in the 

stand. 

PCA I Higher percent ground 
lichen cover & total cover 

fore, the general habitat types available in Stand 3 are 
sufficiently different from those in Stands 1 and 2 pri- 
marily as a function of denser vegetation and deeper lit- 
ter layers in Stand 3. 

4. Discussion 

Based on the habitat variables measured in this study, it 
is clear that microhabitat gradients occur in the forest 

Tab. 6. Means of nine habitat variables measured at 25 random 
points in three oak-pine forests in the New Jersey Pine Bar- 
rens. 

Variable Stand P* 

1 2 3 

Litter depth 2.8a 3.3a 6.1b 0.0001 
Nearest neighbor 

distance 17.5a 9.9a 6.b 0.0001 
Moss cover 8.8 3.2 0.1 0.0822 
Lichen cover 2.7a 0.6b 0.lb 0.0219 
Percent light 31.la 21.2a 8.2b 0.0027 
Canopy cover 63.2 71.6 78.0 0.1175 
Ground cover 43.7a 35.0a 71.2b 0.0002 
Total cover 106.9a 106.6a 149.2b 0.0034 
Canopy type 0.1 0.2 0.1 
* Statistical differences are based on analysis of variance and 
Duncan's multiple range test. Values in each row with different 
superscripts were significantly different. Statistical differences 
were not determined for canopy type. 
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Fig. 2. Principal components 
analysis of habitat for 
twenty-five randomly 
located points in each of 
three oak-pine stands. 
Stands 1 and 2 are in 
continuous forest, Stand 3 is 
a forest fragment. Axis I 
(44.4% of the variance) is a 
cover-litter depth-light 
intensity gradient. Axis II 
(14.5% of the variance) is 
also a canopy cover-light 
gradient (see Tab. 6). 
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floor of oak-pine forests in the Pine Barrens (Tab. 4, 
Fig. 1, 2). Except for light, the habitat variables we 
measured are relatively stable at least over time spans of 
1-2 growing seasons. A single measurement of light 
provides little information about how light quantity 
fluctuates seasonally. Nevertheless, we believe that one 
measurement of PAR in combination with ground layer 
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and canopy cover estimates provides an approximation 
of the light environment experienced by a seedling. Lit- 
ter depth and moss cover can affect percolation and 
evaporation of moisture in the soil (Moul and Buell 
1955). Finally, nearest neighbor distance is an indirect 
measure of the potential competitive environment in 
which a species occurs (Yeaton and Cody 1976). We be- 

1 

2 

2 
3 

.2 Fig. 3. Discriminant 
functions analysis of habitat 
for 25 randomly located 
points in each of three oak- 
pine stands. Five variables 
entered into the discriminant 
function. 1 = Stand 1, 
2 = Stand 2, 3 = Stand 3. 
Polygons enclose the 
majority of points in the 
discriminant space. Outliers 
are noted by numbers. 
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Tab. 7. Principal component analysis of the correlation matrix 
of nine habitat variables representing the habitat structure of 
random points in three oak-pine forests. Three factors had 
eigenvalues greater than one. 

Variable Factor 

I II III 

Litter depth -0.34 0.11 0.07 
Nearest neighbor 

distance 0.33 0.42 -0.23 
Moss cover 0.40 0.33 0.17 
Lichen cover 0.37 0.47 0.01 
Percent light 0.36 -0.09 -0.07 
Canopy cover -0.24 0.46 -0.15 
Ground cover -0.35 0.23 0.11 
Total cover -0.41 0.45 -0.01 
Canopy type 0.06 0.08 0.93 
Variance 44.4 14.5 11.5 

Tab. 8. Classification matrix from a discriminant functions 
analysis (DFA) of habitat at 25 randomly located points in 
three oak-pine forests. Cohen's Kappa was 0.422 indicating 
that the DFA classification matrix is about 42% better than a 
randomly constructed matrix. Five of nine habitat variables 
entered into the stepwise DFA. f = 5.93; df = 10,136; p < 
0.01. 

Group Percent Number of cases classified into - 
correct 

Stand 1 Stand 2 Stand 3 

Stand 1 52.0 13 8 4 
Stand 2 60.0 6 15 4 
Stand 3 72.0 2 5 18 
Total 21 28 26 

lieve that together, the habitat variables we measured 
provide a rough but general description of the physical 
and biotic heterogeneity in the microsites surrounding 
one year old tree seedlings. 

Differences among species in litter depth, light and 
nearest neighbor distance correlate with physical, re- 
source and competitive gradients along which the distri- 
bution of seedlings appears to be non-random (Fig. 1). 
The statistical analysis (e.g. ANOVA) of random versus 
occupied habitat is both unjustified and precarious. At 
least some and possibly all random points could occur in 
areas suitable for establishment of seedlings. Also, even 
though a seedling may not occur at or near a random 
point, it does not necessarily imply that this microhabi- 
tat is unsuitable for seedling growth. Instead, absence 
may simply be a function of the vagaries of seed disper- 
sal. The analysis of occupied sites provides a meaningful 
description of the habitat niche of a plant, and such an 
analysis would only be complicated by a statistical com- 
parison of species habitat with presently unoccupied 
space (Johnson 1981, James et al. 1984). 

There is considerable similarity in the habitats occu- 
pied by seedlings of different tree species. Differen- 
tiation of plant and animal species along environmental 
gradients is a common phenomenon (e.g. Whittaker 
1967, Bratton 1976, Gorman and Karr 1978, Dueser 
and Shugart 1979, Collins et al. 1982, Mann and Shugart 
1983). Complex factors such as canopy type have been 
shown to influence the distribution of herbaceous layer 
species in the understory of mesic forests (Beatty 1984, 
Crozier and Boerner 1984). Canopy type has a limited 
effect on seedling distribution in the Pine Barrens (Col- 
lins and Good 1985). Because Quercus seeds contain 
large energy reserves, one year old seedlings may not be 
highly site specific. Nevertheless, our analyses based on 
intrastand patterns suggest that most one year old tree 
seedlings occur within a subset of the available habitat 
on the forest floor (Fig. 1). Perhaps more distinct differ- 
ences in microspatial preferences among oaks may oc- 
cur later in the life cycle as growth intensifies competi- 
tion for light and nutrients. For example, in a 30-yr 
Michigan old field, seedlings of Q. alba and Q. velutina 
colonized open patches of bare soil but survivorship was 
highest in patches where other vegetation was present 
(Harrison and Werner 1984). Pine seedlings, on the 
other hand, usually colonize open patches of mineral 
soil and remain shade intolerant during growth (Little 
and Moore 1949). 

Differences exist in the number and composition of 
seedlings among oak-pine stands (Tab. 5). This may re- 
flect the composition and abundance of adults for spe- 
cies such as Q. coccinea, but canopy individuals of the 
other species were widely scattered throughout each 
stand (Tab. 2). In addition, seed distribution is unlikely 
to be limited by adult distribution in animal dispersed 
species such as Quercus and Sassafras. 

Clear differences in microhabitat exist among the 
stands, as well (Tab. 6). Several variables including lit- 
ter depth, ground cover, and total cover are signifi- 
cantly higher in Stand 3 than in Stands 1 and 2. Many 
fewer seedlings of Pinus, Q. prinus and Q. velutina oc- 
cur in Stand 3. This stand is a forest fragment that has 
been isolated from the main body of the Pine Barrens 
by paved roads for at least 15 yr. Such a narrow barrier 
would appear inconsequential relative to seed dispersal 
or population structure. The roadway, however, pro- 
vides an unnatural fire break and, in effect, serves to 
disrupt the natural disturbance regime characteristic of 
Pine Barrens forests (Little 1979b). Reduced fire fre- 
quency rapidly leads to increased shrub cover and deep 
litter layers (Little and Moore 1949). Pines require a 
mineral seedbed and reduced litter layer for germina- 
tion and survival (Little 1979b). Some oak seedlings, on 
the other hand, had high survivorship when the litter 
was 2.5-5.0 cm deep (Wood 1938). This effect of litter is 
not uniform among oak species, apparently, because 
only Q. coccinea and Q. alba appeared to be unaffected 
by the litter depth (X = 6.2 cm) and vegetation cover 
gradients in Stand 3. Seedling densities of Q. prinus and 
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Q. velutina were reduced in Stand 3 relative to the other 
stands. 

Our habitat analysis for plants is similar to that used 
by Mann and Shugart (1983) in their study of four spe- 
cies of Galium. They noted niche differentiation among 
species based on canopy density, litter type and over- 
story type. Canopy and litter were important variables 
in our study, however, our methods differ in scale. 
Mann and Shugart (1983) included large-scale features 
of the environment where populations of Galium oc- 
curred. We assessed only aspects of the physical envi- 
ronment immediately adjacent to one year old tree 
seedlings. We believe this constitutes a more direct ap- 
proach to the analysis of the regeneration niche of 
plants (Grubb 1977). 

Obviously, the suite of variables measured for this 
study does not incorporate the complete environment in 
which a seedling occurs. Numerous other microsite fac- 
tors including soil depth, moisture, nutrients and pH 
along with wind speed, humidity, microtopography, 
predation, etc., affect seed germination and seedling es- 
tablishment. Soil nutrient, moisture, and pH values 
tend to fluctuate over short time periods within a grow- 
ing season (Lockman and Molloy 1984). Indeed, these 
variables are altered by the presence of an actively 
growing tree seedling. Thus, although these factors may 
have an important impact on seedling survival, their ad- 
equate measurement relative to germination is difficult. 
In addition, the importance of soil nutrients may be 
buffered at this stage of the life cycle by the seed re- 
serves provided in large-seeded species such as Quercus 
and Sassafras. Soil depth and microtopography have 
been found to be important within-community variables 
affecting the distribution of herbaceous species (Bratton 
1976, Thompson 1980), however, these factors are rela- 
tively invariant in the Pine Barrens. Upland soils of the 
Outer Coastal Plain of New Jersey are generally level, 
deep, well drained, coarse sands; large rocks are rare 
(Tedrow 1979). 

The use of individually-centered samples has not 
been widely applied in plant ecology (Turkington and 
Harper 1979, MacMahon et al. 1981) despite their util- 
ity for addressing patterns at the population and com- 
munity levels. Quadrat size and habitat variables could 
be selected for appropriate measurements in different 
systems (e.g. microhabitat patterns among spring 
ephemerals). When used in conjunction with ordina- 
tions, the individually-centered sample approach may 
facilitate the development of suitable hypotheses for the 
experimental analysis of the species regeneration niche 
(Grubb 1977). In this study, we determined microenvi- 
ronmental variation along axes which can display niche 
differentiation based on a subset of easily measured 
physical and biotic variables. It is clear that one year old 
tree seedlings show fine-scale microhabitat differentia- 
tion among species. In addition, the absolute number of 
seedlings differs between forest stands. This difference 

is due, in part, to dissimilar microhabitat gradients be- 
tween forest stands. 
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