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ABSTRACT.--Remeasurement of permanent plots in
eighteen upland oak-hickory stands on the Ashland
Wildlife Area in central Missouri indicated sig-
nificant changes in species importance over a 14-
year period (1968-1982). While tree density de-
creased in most stands--except in those which were !
relatively young(40-50 yr)--basal area of trees was
maintained or increased. Density of the dominant
tree species, white oak (Quercus alba L ), decreased
while basal area remained constant through growth on
surviving stems. Whereas white oak sapling density
was reduced throughout these forests, sugar maple
(Acer saccharum Marsh.) importance in both sapling

and tree classes increased. Direct gradient anal-

ysis of changes in sugar maple and white oak sapling
density indicated that density of small sugar maple
saplings decreased in mesic stands and increased
slightly in intermediate and xeric stands. The loss
of small saplings in mesic stands was associated
with large increases in density of larger saplings,
indicating substantial growth of sugar maple sap-
lings in mesic forests. White oak saplings were not
found on mesic sites in 1968 and were numerous only
on xeric sites. Between 1968 and 1982 white oak sap-
ling density decreased dramatically in intermediate
and xeric stands, resulting in near elimination of
saplings of this important species except on the
driest sites.

Forest succession in the Midwest has received from xeric oak (Quercus) species to more mesic sugar
some attention from plant ecologists, but the poten- maple (Acer saccharum Marsh.)-basswood (Tilia
tial the region offers for study of vegetational americana 6.) forests if fire is excluded or dras-
dynamics in an environment characterized by steep tically reduced in frequency. However, there are
gradients in climate, diverse microenvironments, and few data from other forests of the region.
man's influence on the landscape has not been well

developed. Some studies, most notably those sum- Because of the relatively xeric climate, it was
marized by Curtis (1959), have shown that species thought that the more drought-tolerant oaks would
composition of northern forests of the region shift form relatively stable, self-perpetuating forests on

the western edge of the eastern deciduous forest
(Braun 1950, Kuchler 1964). However, several
studies in the past two decades have indirectly

IA paper presented at the Fifth Central Hardwood suggested, through analysis of reproduction pat-
Forest Conference held at Champaign-Urbana, lllinois terns, that oak species are regenerating poorly in
on April 15-17, 1985. many stands in this region and that sugar maple is

increasing in importance (Wuenscher and Valiunas
2Research supported by the Missouri Department 1967, Rochow, 1972). Presettlement survey records

of Conservation. The authors thank Dr. J. Rochow indicate the presence of sugar maple in Missouri
for providing the data of his previous study, forests (Howell and Kucera 1956), but until recently

it has been largely confined to relatively isolated
3Former Research Assistant, Associate Professor mesic sites (Howell and Kucera 1956, Kucera and

andProfessor, Schoolof Forestry, Fisheries and T_lildlife, University of Missouri, Columbia MO 65211.
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McDermott 1955), The pattern of decline in the Environmental data taken in 1968 were used
oaks, and sugar maple success, is of particular after checking for accuracy. These measurements
interest and concern to foresters because oak included slope aspect, position and percent. These
forests are economically more important, data were used in a direct gradient analysis of

density for selected species versus an index of
The only direct means of documenting succession microenvironmental stress. Direct gradient analysis

is by repeated sampling of permanent plots. Because (Gauch 1982), which involves the plotting of stand
of the long-term nature of such research, only a vegetation parameters versus an environmental fac-
small number of studies in the region have progres- tor, permits simple visual interpretation of vegeta-
sed to the point of repeated samples. Miceli et al. tion response to dominant influencing factors of the
(1977) conducted a complete resampling of Brownfield environment. The index of environmental stress used
Woods, a 24 ha tract of upland forest in east in this study was a modification of the Potential
central Illinois. The fifty-year record indicated Annual Solar Radiation (PSR) index described by
that oak species are declining in importance and Frank and Lee (1966). Frank and Lee's index varies
sugar maple is becoming more important in this with slope and aspect, being more xeric on south-
stand. Schlesinger (1976) also noted an increase in facing slopes and more mesic on north-facing slopes.
hard maples, [sugar maple, black maple (A. nigrum However, a problem arises in that values of PSR are
Michx)., A. barbatum Michx.] in upland forests of equivalent for east- and west-facing aspects (i. e.,
southern Illinois over a 35-year period. SE=SW, etc.), despite recognized microenvironmental

differences between such sites. To more closely
The presence of permanent plots established in approximate actual stress on these sites Rochow

1968 on the Ashland Wildlife Research Area (AWA) in (1972) developed an index, "Solar Radiation Stress"
central Missouri (Rochow 1972) allowed resampling (SRS), that adjusted PSR by a factor proportional to
and examination of short-term successional trends in the average July temperature corresponding to the
the upland, white oak-dominated forests near the time when the sun's rays were perpendicular to a
western margin of the eastern deciduous forest. In particular aspect. As a result, southwest-facin 8
addition, environmental data relating to site micro- aspects (which receive perpendicular radiation in
environment were available to conduct direct grad- the afternoon when summer air temperatures are much
ient analysis (Gauch 1982) of the vegetation pat- higher than in the morning) have higher values of
terns and successional trends in these forests. SRS than southeast-facing aspects.

This index showed a reasonably good correlation
with vegetation, but on slopes with equivalent slope

METHODS percentage and aspect (and SRS), stands in lower
slope positions tended to have more mesic character
than those in upper positions. This effect of slope

Plot centers, marked by iron reinforcing bars, position is likely attributable to the following: l)
were relocated in eighteen stands. These stands rep- lower slopes tend to be shaded by opposite slopes
resented "upland oak" and "mesic slope" forest types during certain portions of the day, 2) drainage and
defined by Rochow (1972). Original placement of the overland water flow results in more abundant soil
plots was designed to sample the range of variation moisture on lower slopes and 3) protection from des-
present in topographical and stand age structure in iccating winds and cool air drainage tend to reduce
these types. Stands selected for analysis ranged stress on lower slopes. To a_count for these in-
from those dominated by white oak mixed with other fluences, a modified SRS (SRS) was calculated by
oak species [black (Quercus velutina Lam.), chink- multiplyin 8 SRS by a factor ranging from four for
apin (Q. muehlenbergii Engelm.), northern red (Q. lower slope stands to nine for upper slope stands
rubra L.) and post (Q. stellata Wangenh.)] and and ten for stands on ridgetops. This new index was
hickories [shagbark (Carya ovata (Mill.) K. Koch.), then used in direct gradient analysis.
mockernut (C. tomentosa (Poir.) Nutt.) and black (C.
texana Buckl.)] to more mesic stands dominated by
northern red oak and containin 8 red and American elm
(Ulmus rubra Muhl., U. americana L.), bitternut RESULTSAND DISCUSSION
hickory (Ca{ya cordiformis (Wangenh.) K. Koch) and
black walnut (Juglans nigra L.). Mesic sugar maple-
basswood stands (Kucera and McDermott 1956) that are Changes in stand tree density and basal area
occasionally encountered in the region were not
sampled.

Total tree density decreased significantly
Vegetation sampling was conducted as in 1968 by between 1968 and 1982 in the 18 study plots (Table

establishing nested circular plots (0.08 and 0.04 I). Data from two stands (14 and 24), which were

ha) about the plot centers. All trees greater than among a group of four stands (33, 36 and the above)8.75 cm dbh were recorded by species in the larger that were established after heavy logging 40-50
I plot. From these data, density and basal area per years ago, showed an increase in density over the

ha were calculated. Saplings were sampled on the period. These two stands had low tree density in
smaller plot and recorded in one of four size clas- 1968, containin 8 few large trees and a majority of
ses (0-I.25 Cnl dbh; 1.25-3.75 cm dbh; 3.75-6.25 cm
dbh; 6.25-8.75 cm dbh).
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small oak and scattered hickory stems. In other a result attributable largely to mortality, but
also to growth of some of the larger saplings intostands, which were 80-110 years old, tree density tree-sized individuals.

haddeclined dramatically. Changesin basal area in

study plots were not as consistent, and there was no Density of sugar maple trees was low compared
significant difference in plot basal area between to that of white oak (Table I). However, tree den-
sampling years. In most stands, decreasing density sity of sugar maple increased significantly between
was offset by basal area growth of surviving stems,
resulting in sustained basal area despite decreased 1968 and 1982. Because of the small size of the new
density. In other stands (e.g., 7) plot basal area trees in the 1982 sample, there was relatively
increased because of the growth of very large trees, little change in sugar maple basal area during the
Lossesin basal area occurred in certain stands (23, period.

19, 13) because of the death of large northern red In 1982, sugar maple saplings accounted for
and black oak trees, nearly half of all saplings in sampled stands (Table

2), emphasizing the dominance of this species in the

Changes in stand sapling density understory of upland oak forests at the AWA. Thetotal number of sugar maple saplings increased be-
tween 1968 and 1982, but this trend only approached

statistical significance (P=O.06). The higher den-There was a significant decline in total sap- sity of sugar maple saplings in 1982 was not a

ling density between 1968 and 1982 in the 18 plots result of increases in small saplings (the density(Table 2). Numerically, most of this decline occur-
red in saplings less than 3.75 cm in diameter. An of which remained relatively constant), but was
exception to this trend was observed in three of instead attributable to significant increases in the
four young stands which showed a dramatic increase two larger sapling classes. There was a definite
in very small saplings. When data from these stands trend toward increased sapling size and greater
were eliminated from the analysis, sapling density representation of sugar maple in the tree stratum of
decreased significantly in both of the smaller sap- upland forests of the AWA.
ling classes. Density of saplings between3.75 and
8.75 cmdbh increasedbetween1968and 1982,al-
though this change was not significant. This lack Direct gradient analysis of successional trends in
of significance was attributable again to the four white oak and sugar maple

young stands which had a tendency to have relatively Direct gradient analysis (Whittaker 1975, Gauch
few large saplings. When these stands were removed, 1982) was performed by plotting the calculated index
significant increases in 3.75-6.25 cm-class saplings of stand microenvironmental stress SRS versus sel-
wereobservedandincreases in the largest sapling
class approached significance (P=O.06). ected density data for white oak and sugar mapletree and sapling classes. The moving average of

plot density (using three stand density values) was
utilized to minimize stand-to-stand variations that

tend to mask environmental relations (Brown and
Changes in white oak and sugar maple Curtis, 1952; Curtis 1959). Additionally, to mini-

mize the influences of differences in stand succes-

In 1968, white oak made up 55 percent of the sional stage, which can also obscure environmental
total basal area and more than 60 percent of oak relationships (Peet and Loucks 1977), data of the
basal area present in the sampled stands; however, four young stands were eliminated.
Rochow(1972) observedthat at this sametime sugar
maple was the dominant understory species in upland Total density of white oak trees tended to
oak forests of the AWA, and predicted that most increase from mesic to xeric stands (Fig. I), al-
stands were in transition toward a more mesic though at the xeric extreme density began to de-

cline, probably in response to environmental con-condition. Becauseof this distinct difference in
overstory and understory composition, white oak and ditions exceeding those optimal for white oak. On

extremely mesic sites, such as those encountered on
sugar maple were chosen for more thorough analysis lower north- and east-facing slopes, stands were
of successional trends, dominated by northern red oak instead of white oak.

Over the 14-year period, white oak tree density
Whiteoak tree density decreasedin mostsample

plots, although increases in density were observed declined across the environmental gradient, but
in data from young stands (14 and 24) (Table I). mortality was noticeably lower on mesic sites.

Changes in white oak basal area varied among plots, There were no white oak saplings in mesic
but in general basal area was maintained through
growth on fewer surviving stems. Total white oak stands in 1968 or 1982 (Fig. 2). During this time

period reductions in sapling density in stands in
sapling density showed a significant decrease durin_ the middle of the gradient were very great, leading

the 14-year period, with most of the decrease occur- to complete elimination in many cases. Only on ex-ring in the intermediate andsmaller sapling clas-
ses. Sample plots of five stands had no white oak tremely xeric sites was white oak sapling density
saplings in 1968. Four of these (60, 23, 19 and 13) maintained at significant levels in 1982, but even
were mesic stands largely dominated by northern red in these stands density had decreased substantially
oak, with a few canopy trees of white oak, bitternut over the 14-year period. !

hickory, black walnut and black maple. By 1982, As sugar maple tree density was still very lowhalf of all sampleplots hadnowhite oak saplings,
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White Oak Trees
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FIGURE l.--Direct gradient analysis of modified solar radiation stress index (SRS*) and density of
white oak trees_ Four young stands were excluded from the analysis (see text). ( 0 -1968;

A -1982).

in 1982 (Table I), these data were not plotted. 5). In general, large saplings were found only in
Sapling densities for sugar maple showed definite intermediate and mesic stands in 1968, but by 1982
_nvironmental relationships, the particular relat- they were present in sample plots of all stands.
ionship varying with sapling size. In 1968, total Significantly, the density of large saplings
plot sapling density (Fig. 3) was higher in more increased in mesic stands, whereas the density of
mesic stands. However, by 1982 the density of smaller saplings had decreased. At least some
saplings had decreased in mesic stands, indicating a increase in the density of large saplings occurred
substantial loss of saplings over the 14-year in all stands. These data strongly suggest that at

period. In intermediate and xeric stands, some least some of the reduction of small sapling den-
increases in sapling density occurred between 1968 sities in mesic stands was attributable to growth

and 1982. Density of smaller saplings exhibited into larger classes. A slower, but noticeable
trends similar to that of the entire sapling increase in large saplings was also evident even on
population (Fig. 4), with a decrease between 1968 xeric sites. Ingrowth cannot account for all of the
and 1982 in the initially more abundant population decline in sugar maple sapling density on mesic
in mesic stands and a slight increase in plot sites. Hence other factors such as sapling

sapling density in intermediate and xeric stands, mortality and/or reduced seedling recruitment into
Trends in density of large sapling classes were the smallest sapling class may also have occurred.

quite different from those of smaller classes (Fig.
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FIGURE 2,--Direct gradient analysis of modified solar radiation stress index (SRS*) and total density
of white oak saplings. Four young stands were excluded from the analysis (see text), (O -1968;

A-1982).
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FIGURE 3.--Direct gradient analysis of modified solar radiation stress index (SRS*) and total density
of sugar maple saplings. Four young stands were excluded from the analysis (see text). ( 0 -1968;
_-1982).

SUMMARYAND CONCLUSIONS understory in 1968, but to a lesser degree than in
mesic stands. In the interval 1968-1982, an
increase in sugar maple total sapling density has

In 1968, sugar maple dominated the understory occurred. Given the generally recognized mesic
of much of the upland oak forest at the AWA, with preference of sugar maple, it is not clear why there
little representation in tree-sized individuals, was an increase in sapling density in xeric stands
,_ost saplings were small, the greatest densities and a decrease in more mesic stands.
occurring in more meslc stands. Since 1968, sugar
maple has continued to increase in overall density In contrast to sugar maple, white oak has shown
in the sapling and tree classes. Moreover, mesic a decrease in sapling and tree density since 1968.
stands with very dense understories of small sugar White oak saplings were not present in mesic stands
maple saplings in 1968 now show vigorous saplin 8 in 1968 and had been essentially eliminated from all
growth; such growth from the small to the large but the most xeric stands by 1982. This decrease in
sapling class has apparently contributed to the white oak sapling density has been accompanied by a
depletion of the population of smaller saplings. In corresponding increase in sugar maple saplings
more xeric stands, sugar maple was present in the (especially large saplings).

2000 Sugar Maple Saplings : 1.25-3.75 cm dbh
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FIGURE 4.--Direct gradient analysis of modified solar radiation stress index (SRS*) and density of
sugar maple saplings between 1,25 and 3,75 cm dbh. Four young stands were excluded from the analysis (see
text). ( 0 -1968; A -1982)"
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Sugar Maple Saplings : 6.25-8.75 cm dbh
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FIGURE 5.--Direct gradient analysis of modified solar radiation stress index (SRS*) and density of
sugar maple saplings between 6.25 and 8.75 cm dbh, Four young stands were excluded from the analysis (see
text). (0 -1968; A-1982).
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