VEGETATION-SITE RELATIONSHIPS AND FIRE HISTORY OF A SAVANNA-GLADE-WOODLAND

MOSAIC IN THE OZARKS

Sean E. Jenkins!, Richard Guyette?, and Alan J. Rebertus®

Abstract: There is a growing interest in reconstructing past disturbance regimes and how they influenced plant
composition, structure and landscape pattern. Such information is useful to resource managers for determining the
effects of fire suppression on vegetation or tailoring prescribed fires to restore community and landscape diversity.
In the spring of 1995, the National Park Service reintroduced landscape-scale prescribed fire to an extensive oak/
pine woodland-savanna-glade complex on Turkey Mountain, Buffalo National River, Arkansas. We took advantage
of this opportunity to: (1) reconstruct the fire history of Turkey Mountain from fire scars and (2) determine how
plant composition, forest structure, and past fire intensity varied along topoedaphic gradients before the site was
burned. A fire history was derived from wedges or cross-sections of one dead and eight live shortleaf pines. Woody
and herbaceous vegetation were sampled in 18, 20 by 25-m plots systematically spaced along transects running
upslope. The percentage of trees scarred was determined in 80, 20 by 20- or 20 by 40-m plots located along
transects running upslope. Highest plant diversity occurred on shallow, calcareous soils (limestone glades). Lowest
diversity was associated with deeper, acidic soils and high woody basal area. Vegetation composition changed
gradually along environmental gradients, but the most distinct flora was associated with: (1) limestone glades, (2)
deeper acid soils, (3) high basal area sites, and (4) sandstone glades. Savanna herbaceous species were characteristic
of sites with intermediate soil depth and fertility. Black hickory, post oak, eastern red cedar, and chinquapin oak
were overstory dominants. Encroachment of cedar (on circumneutral soils), black jack oak, and black hickory (on
acidic soils) may pose a serious threat to the diverse flora. For the 223-year fire record, the mean return interval was
5.7 years. The longest fire-free interval was 34 years (1770-1804) and the shortest was 1 year. No fire scars were
documented between 1972 and 1993. The number of trees scarred per plot increased with fetch (distance from the
bottom of the mountain), proximity to south-southwest slope aspects (especially on steeper slopes), and distance
from the Buffalo River. Past variation in fire frequency and intensity may have acted synergistically with
topoedaphic gradients to maintain a mosaic of plant communities.

INTRODUCTION

Oak ecosystems in Eastern North America have evolved under the influence of fire for thousands of years (Abrams
1992). Savannas, glades, and woodlands in the Ozarks remained open in the past due to fire but were distributed in
complex mosaics subtly integrated along continua relating to soil depth and bedrock type. In the Ozarks, glades are
treeless or sparsely wooded openings in woodlands, with bedrock at or near the surface (Logan 1992). Glades are
often concentrated on, but not limited to, south and west aspects of hillsides, with savanna above and below.
Savannas and woodlands are usually defined physiognomically, with the former having less canopy cover (10 to
50%) and more herbaceous groundcover (especially graminoids, composites, and legumes). Savannas and glades

are also strongly influenced by the frequency, intensity, and seasonal variation in the occurrence of fire (Ladd 1991).
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Since implementation of fire suppression in the Ozarks and other parts of the Midwest, savannas and glades have
undergone rapid succession to more closed conditions (Anderson and Schwegman 1991, Apfelbaum and Haney
1990, Beilmann and Brenner 1951, Guyette and McGinnes 1982, Kucera and Martin 1957, and many others). Ozark
savannas have become overgrown with black hickory (Carya rexana Buckl.), black jack oak (Quercus marilandica
Muenchh.), and a variety of fire-sensitive hardwoods (e.g., shadbush (Amelanchier arborea (Michx. f.) Fern.)).
Glades have become fragmented by invasion of eastern red cedar (Juniperus virginiana L.), black jack oak, winged
elm (Ulmus alata Michx.), and winged sumac (RAus copallina L..) (Reiter 1991). Fire, cutting, and herbicide
application are often recommended to reduce woody density and promote herbaceous diversity, but there is often no
explicit rationale for where and how intensively these restoration techniques should be applied across the landscape.

Savannas and glades contain some of the richest floras in North America. For instance, Ver Hoef and others (1991)
recorded 365 glade species in the vicinity of the Current River, Missouri, and over 300 species were found in one
small restored savanna in central Missouri (Ken McCarty, Missouri Department of Natural Resources, personal
communication). Several endangered species, such as Mead’s Milkweed (Asclepias meadii Torr.), have been
recorded in Ozark savannas (Tim Nigh, Missouri Department of Conservation, personal communication). Savannas
or “barrens” have widely scattered trees and extremely diverse groundcover vegetation that combines the floristic
characteristics of both grasslands and woodlands (Nuzzo 1986). However, research seldom targets transitional
areas, and therefore many species remain undetected. Furthermore, glades and savannas provide some of the most
striking patch diversity across the Ozark landscape, and the distribution of these communities modifies disturbance
regimes, nutrient dynamics, and habitat use of many wildlife species. These communities often represent islands of
high diversity (herbaceous plants, insects, and other groups) in a matrix of low diversity, even-aged, closed-canopy
forest. Yet, management activities continue to homogenize the landscape through fire suppression and logging
without regard to the underlying vegetation patterns.

In the Spring of 1995, the National Park Service reintroduced landscape-scale prescribed fire to an extensive oak/
pine woodland-savanna-glade complex on Turkey Mountain, Buffalo National River, Arkansas. The present study
was undertaken to provide a better understanding of both the presettlement fire regime and the effects of fire
suppression on vegetation. The objectives of this study were to: (1) reconstruct the fire history of Turkey Mountain
from fire scars and (2) determine trends in plant composition and past fire intensity along topoedaphic gradients.
We were particularly interested in understanding the more subtle variation in vegetation composition across several
community types, and how vegetation and fire regimes vary along the same topoedaphic gradients.

METHODS
Study Area

Turkey Mountain is located at the junction of the Buffalo and White rivers, Hathaway Wilderness Area, Buffalo
National River. A several hundred-hectare oak/shortleaf pine (Pinus echinata Mill.) woodland-savanna-glade
complex covers the south aspect of Turkey Mountain and north aspect of Granite Mountain. The stratigraphy is
complex, consisting of various layers of Ordovician limestone and sandstone. The sandstone “caps” of Turkey
Mountain appear to be part of the massive St. Peter formation (Craig 1988, Craig and Deliz 1988). The majority of
limestone glades on mid-slopes probably are found on dolomitic limestones of the Powell and Cotter formations.
Topography is very steep, with 100-150 m of local relief.

Vegetative Sampling

Eighteen 500-m? (20 by 25-m) plots were established in 1993 and permanently marked with rebar on Turkey
Mountain and adjoining Granite Mountain. Plots were located 100 m apart along 5 transects running upslope.
Transects were subjectively located to cover representative vegetation assemblages, soil types, and slope aspects
within the proposed burn unit (Table 1). Herbaceous vegetation was surveyed in June and again in early September.
Some pre-vernal species may have already become senescent by late June, but most species were probably detected
in these two periods. Cover class values between 0 and 5 (20% cover-scale increments) were assigned to all
herbaceous and woody ground cover species (<1 m tall) in each plot. In addition, all trees 2 5 cm dbh (diameter at
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breast height) were tallied and dbhs were recorded. Tree cores were taken at 0.4 m aboveground from about 10 trees
in each plot. Trees were subjectively chosen to represent the range of sizes for each species and past periods of
recruitment. Saplings (2.5 < dbh <5 cm), large seedlings (>0.5 m tall; < 2.5 cm dbh), and small seedlings (<0.5 m
tall) were tallied in 100-m?, 10-m? and 1-m? circular subplots, respectively. Two subplots of each size were located
in each main plot. The total area sampled for small seedlings, 36 m?, was insufficient to provide good density
estimates for most species; thus, these data should be interpreted with caution.

Soil depths were measured with a steel rod at 16 points located at 4-m intervals along the plot diagonals. Soil
samples were taken from the upper 15 cm from the center of each quarter of the plot. The two upper and two lower
quarters were pooled separately. Samples were frozen for several months, sieved, and analyzed by the Soil Charac-
terization Lab at the University of Missouri. In general, the within-plot variation in soil properties was very small,
so only plot averages are presented in the results. Elevation, slope aspect, slope steepness, topographic position, and
slope shape were recorded at each plot and used to compute a topographic relative moisture index (TRMI; Parker
1982). The TRMI is lowest for steep, upper, convex, southwest-facing slopes, and highest for valley bottoms or
lower, northeast-facing slopes.

Fire History

Tree-ring analysis of fire scar dates was used to document the fire history of Turkey Mountain. Wedges or cross-
sections were cut from eight living shortleaf pines and one well-preserved shortleaf pine snag. The snag, located on
an upper slope, had 31 fire scars and recorded most of the fire years. Scars were cross-dated by comparison with
cores from Turkey Mountain and chronologies from Leatherwood Creek and the Current River and Piney River
watersheds in Missouri.

We examined variation in past fire intensity along topographic gradients by counting the number of trees scarred in
80, 20 by 20-m plots, systematically spaced every 15 m in vertical relief along eight transects running from the base
to the summit of Turkey Mountain. Where trees were sparse (e.g., near glades), 20 by 40-m plots were used. As a
general rule, only trees 2 15 cm dbh were included. At each plot we also recorded aspect, slope, elevation (by
altimeter, 0.9-m resolution), estimated range of tree diameters, and tree species. Fetch (vertical relief from the
bottom of the mountain) and the distance of each plot to the Buffalo River were determined from a USGS topo-
graphic map. We suspected that the Buffalo River would be a major anthropogenic ignition source, so we measured
distance to the point on the river where Cook Creek enters, following the most likely path that fire would burn into
the area.

Numerical Analyses

Multiple regression analysis (PROC GLM; SAS 1988) was used to model the percentage of trees scarred with
respect to aspect, slope steepness, fetch, distance to the Buffalo River, and interactions among these variables. We
transformed aspect, a circular variable, to a linear scale by treating all azimuths as deviations from 205°, approxi-
mately the most xeric aspect in terms of solar radiation and moisture demand (Parker 1982).

We used ordination by Canonical Correspondence Analysis (CCA) to examine trends in vegetation composition
along environmental gradients. Ordination objectively arranges plots and (or) species together based on their degree
of similarity. CCA uses measured environmental variables to constrain plots and species ordinations. The computer
program CANOCO (Ter Braak 1988) was used for all analyses. Untransformed cover values were used for
groundcover vegetation. Plot importance values (relative density + relative basal area + relative frequency /3) were
used for trees > 5 cm dbh. A square root transformation was used for tree data to reduce the effects of dominant
species. For the understory stratum, we used relative densities that were weighted by size class: 1 for saplings, 0.1
for large seedlings, and 0.01 for seedlings. Rare species were down-weighted and scaling was symmetric; other-
wise, all defaults in CCA were used. Environmental variables used in the ordination included: elevation, a topo-
graphic moisture index or TRMI, salt (0.01 M CaCl ) pH, cation exchange capacity (CEC), total bases, percent
organic matter, percent sand, total plot basal area, 1mportance values of major overstory species, and the predicted
percent trees scarred. Soil, topographic, and overstory variables were initially screened separately; then, “forward
selection” techniques within CANOCO were used to identify a final subset of variables that were most correlated
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with the vegetation data sets. Monte Carlo permutation tests were used to determine the significance of the first
canonical axis for overall significance of the species-environmental relationship.

RESULTS

Fire Regime

We cross-dated 54 scars on the 9 pines, and for the 223 years of record the mean fire interval was 5.7 years (Figure
1). The longest fire-free interval was 34 years (1770-1804) and the shortest was 1 year. During the 1950s, Turkey
Mountain burned almost annually. Only one fire year, 1953, was found on more then one tree during that decade.
No fire scars were documented between 1972 and 1993. Our fire history provides only minimum estimates for
return intervals; the small sample size probably underestimated the frequency of fire on Turkey Mountain.
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Figure 1. Fire-year chronology for Turkey Mountain, Arkansas.

The percentage of trees scarred (not dated) in the plots was significantly related to fetch (FETCH, in feet), the
interaction of slope steepness and aspect (SLP x ASP), and distance from the Buffalo River (DIST, in miles):

% scarred = -0.58+(0.098* FETCH)+(0.0069*SLP x ASP)+(11.65*DIST); r*=0.75, F*"=45 .45, P<0.001.

The percent of tree scarred increased with fetch and on steeper south- and west-facing slopes (Figure 2). The mean
percent of trees scarred ranked by aspect were as follows: south (52%), west (47%), east (43%), and north (37%).
The interaction of slope steepness and aspect contributed more to the regression model than either variable alone:

the percent of trees scarred increased with greater slope steepness on south and west aspects, but steepness had little
effect on north and east aspects (Figure 2).

Age Structure

The age structures of hardwood tree species on Turkey Mountain were distinctly multimodal, with even-aged

cohorts establishing in the 1910s, 1940s and 1960s (Figure 3). The oldest tree was a 188-year-old post oak (Quercus
stellata Wang.), but most of the large trees were hollow and could not be dated. The majority of eastern red cedar
and shortleaf pine trees on the lower slopes established ¢. 1925-1940, a period when the mountain was burned
relatively frequently (see Figure 1), although the extent of the burns is unknown. It should be cautioned that this

was not a random sample of tree ages and that coverage was fairly limited. Also, <50% of the cores were sound
enough to estimate complete ages.
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Figure 2. Percentage of trees scarred as a function of fetch (distance from bottom of mountain), aspect, and slope
steepness. Aspect is given as degrees deviation from 205° azimuth. Two levels of slope steepness are shown.
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Figure 3. Age distribution of trees on Turkey Mountain. Trees > the 85 years are not shown.
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Vegetation

There were 26 tree and tall shrub species (2 5 cm dbh) found on Turkey Mountain, with black hickory, eastern red
cedar, post oak, and chinquapin oak (Quercus prinoides Willd.) having the highest importance values (Table 1).

Tree compositional patterns were strongly related to environmental variables (Figure 4). The first two ordination
axes accounted for 36% of the variance in species data and 59% of the variance in the species-environment relation
(see Ter Braak 1988). The first canonical axis and overall species-environmental relationship were both highly
significant (Monte carlo tests, P=0.01) . Plot 18 was the most distinct, characterized by pine and sassafras on deeper
soil with low pH, CEC, and total bases (Figure 4). Plots 1,2, 7, 9, and 17 were also on deeper, more acid soils
overlying sandstone or chert; with indicator species such as black jack oak, black locust (Robinia pseudo-acacia L.),
southern red oak (Quercus falcata Michx.), white oak (Q. alba L.), and black oak (Q. velutina Lam.). White oak
was apparently restricted more by soil depth than pH. The rest of the plots were on shallow soils overlying lime-
stone. Indicator species included typical calcicoles: blue ash (Fraxinus guadrangulata Michx.), eastern red cedar,
gum bumelia (Bumelia lanuginosa (Michx.) Pers.), chinquapin oak, and American smoke tree (Cotinus obovatus
Raf.). Chinquapin oak importance values were also highly correlated with magnesium levels (not shown on
ordination). Post oak, persimmon (Diospyros virginiana L.), and northern red oak (Quercus rubra L.) were the most
widespread, but were slightly more abundant on circumneutral soils.
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Figure 4. CCA ordination triplot of tree and tall shrub species (= 5 cm dbh) on Turkey Mountain. The environmen-
tal vectors point in the direction of maximum correlation and vector length is proportional to the strength of the
correlation. Numbers represent plots and species codes include the first three letters of the genus and specific
epithet (see Appendix 1).
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The understory stratum was dominated by black jack oak, black hickory, post oak, and eastern red cedar (Table 1).
Black jack oak and black hickory pose the greatest threat to sandstone glade and savanna vegetation; their abun-
dance was clearly correlated with lower groundcover diversity (see Figure 6). Savanna species, such as post oak, are
still reasonably abundant in the understory strata. The woody understory vegetation was less strongly related to
measured environmental gradients than the overstory (data not shown). The first and second ordination axes
accounted for 27% of the variance in species data and 56% of the variance in the species-environment relation. The
first canonical axis was significant (P = 0.01), and the overall species-environmental relationship was also signifi-
cant (P =0.01). Plots on deeper and/or acid soils were characterized by fringe tree, winged sumac, black oak, white
oak, sassafras, and black jack oak. Basic soils were characterized by the same calcicoles as in the overstory plots
(see above); as well as winged elm, southern rusty blackhaw (Viburnum rufidulum Raf.), and rough-leaf dogwood
(Cornus drummondii Meyer). Persimmon, post oak, and shadbush displayed a wide range of occurrence.

The composition of ground cover vegetation was highly variable with respect to topoedaphic gradients. The first
and second ordination axes only accounted for 23% of the variance in species data and 42% of the variance in the
species-environment relation. The first canonical axis was marginally signifcant (P = 0.06), but the overall species-
environmental relationship was highly significant (P =0.01). Vegetation composition tended to change gradually
along environmental gradients (Figure 5). Plots 2, 7, 9, and 17—all on acid soils—were characterized by a tick
trefoil (Desmodium pauciflora (Nutt.) DC.), two sedges (Carex muhlenbergii Schk., C. retroflexa Muhl.), a nut
sedge (Cyperus filiculmis Vahl.), several grasses (Sphenobolis intermedia Rydb., Elymus virginicus L., Sporobolus
asper (Michx.) Kunth., Aristida dichotoma Michx., Panicum linearifolium Scribn.), hairy lip fern (Cheilanthes
lanosa (Michx.) D.C. Eaton), dwarf dandelion (Krigia dandelion (L.) Nutt.), purple cudweed (Gnaphalium
purpureum L.), butterfly pea (Clitoria mariana L.), pellitory (Parietaria pensylvanica Muhl.), St. Andrew’s cross
(Ascryum hypericoides L.), forked chickweed (Parinychia fastigata (Raf.) Fern.), a sunflower (Helianthus hirsutus
Raf.), a rushfoil (Crotonopsis linearis Michx.), and others (Figure 5).

Plots 7 and 9 are partly on sandstone glade (soil depth ranged from O cm on the exposed bedrock ledge to 50-80 cm
further upslope). Indicator species on these shallow, acidic soils included stonecrop (Sedum nuttallianum Raf.), a
brome grass (Bromus racemosus L.), and many of the same species listed for acidic soils above.

Plots 1, 8, and 18 were associated with high basal area (closed woodland canopy) and soils with low sand (high silt)
content. Indicator species included Vaccinium spp., summer grape (Vitis aestivalis Michx.), and wild yam
{Dioscorea quaternata (Walt.) J.F. Gmel.); in addition to more shade-tolerant woodland herbs, such as three-lobed

violet (Viola triloba Schwein.), alum root (Heuchera americana L.), and wild bergamot (Monarda fistulosa L.)
(Figure Sband ¢ ).

Most of the plots on basic soils grouped very closely together, floristically (plots 3, 4, 5, 6, 10, 11, 12, 13, 14, 16).
Characteristic species for these plots included purple prairie clover (Petalostemon purpureum (Vent.) Rydb.), false
boneset (Kuhnia eupatorioides L.), two bluets (Houstonia nigricans (Lam.) Fern., H. tenuifolia Nuttall.), prairie
acacia (Acacia angustissima (Mill.), two tick trefoils (Desmodium sessifolium (Torr.) T. & G., D. illinoense Gray),
blue-eyed grass (Sisyrhinchium campestre Bickn.), squaw-weed (Senecio obovatus Muhl.), a coreopsis (Coreopsis

palmata Nutt.), side-oats grama (Bouteloua curitipendula (Michx.) Torr.), a rock pink (Talinum calycinum Engelm.),
and dwarf hackberry (Celtis tenuifolia Nutt.) (Figure 5b and c).

Physiographically, plot 14 is the most mesic site (lower slope, north aspect) and it had several distinct species: wild
yam, agrimony (Agrimonia rostellata Wallr.), lyre-leaved sage (Salvia Iyrata L.), a morning glory species ([pomoea
sp. L.}, and a crown-beard (Verbesina helianthoides Michx.) (Figure S b and ¢).

A total of 251 species (154 genera, 62 families; 202 herbaceous/semi-woody and 49 woody species) were recorded
on Turkey Mountain; 240 were recorded in plots (Appendix 1). Species richness was highest in plots on limestone
glades (Figure 6). Low diversity was correlated with acid soils and high basal area (closed canopy). Relatively low
diversity was also correlated with high importance values of black jack oak (also on acidic soil), where thickets were
heavily shaded. The high density of black jack oak stems was probably a result of fire suppression starting in the
1970’s after the area became part of the Buffalo National River. High basal area was also correlated with the deeper
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Figure 6. Species richness (number of species) of plots on Turkey Mountain. Plots are positioned in CCA ordina-
tion space and the environmental vectors are the same as those in Figure Sa. Circle size is proportional to species
richness.

acidic soils located on the upper (shoulder) slopes and summits of knobs (Table 2), where more rapid invasion of
black jack oak and black hickories has occurred.

DISCUSSION

Fire has influenced vegetation in the area for at least the past two centuries. The mean fire return interval, 5.7 years,
is very similar to fire frequencies documented for oak and oak-pine sites in the Missouri Ozarks (Guyette and Cutter
1991, Cutter and Guyette 1994). Fire frequency in the Ozarks is highly dependent on ignitions from human popula-
tions because of the rarity of lightning caused fires (Guyette and Cutter 1991). The absence of fire scars in the early
period, 1770-1804, is weak evidence for the absence of fire in the area because the older part of this record is based
on only one tree, and the first fire scar generally requires more heat than subsequent scars (Gutsell and Johnson
1996). Alternatively, 1804 may indicate the beginning of frequent burning by the Cherokee, who migrated into the
area during the period 1785-1828 (Pitcaithley 1987). The Cherokee began to leave Arkansas by treaty in 1828. The
few fire scars between 1815 and 1840 may indicate a true reduction in fire frequency despite the data being from
only one tree. Fire scar data from a post oak savanna 50 km to the north showed a similar reduction in fire fre-
quency between 1810 and 1850 (Guyette and Cutter 1991).
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The age structures of overstory trees appear to reflect recent variation in fire history. A major even-aged cohort 20-
35 years old, for example, corresponds to the cessation of frequent burning; in particular, dating back to extensive
burns in 1960 and 1963. Multimodal age structures of oak savannas have been described by Apfelbaum and Haney
(1990) in the Upper Midwest and by Jenkins and Rebertus (1994) in the Missouri Ozarks. Distinct even-aged
cohorts are thought to originate during fire-free periods that allow stems to grow tall enough to survive the next fire.
Jenkins and Rebertus (1994) also found that near-annual burning reduced fuel loads and resulted in very mild,
patchy fires that encouraged sporadic regeneration of oaks. Livestock grazing, which was once pervasive in the
Ozarks, could also cause very patchy, mild burns by trampling and reducing fine matrix fuels. The establishment of
a cedar cohort 50-65 years ago, a period of frequent burning, may illustrate the combined effect of frequent burning
and grazing in reducing fuel loads and exposing bare mineral soil for conifer seed germination.

The distribution of fire-scarred trees aptly illustrates the influence of landscape features on fire intensity. Fetch is
important because fires tend to burn upslope and gain momentum by convective pre-heating of fuels and the
generation of thermal winds (Pyne 1984). Slope aspect and steepness determine the amount of solar radiation
received, and also influence temperature, wind exposure, and relative humidity—all factors that influence tire
intensity. Steep south- and west-facing slopes at mid to upper slope positions had the highest percentage of trees
scarred (Figure 2), and these also tended to be the most xeric sites (Parker 1982). We also found a 22% increase in
fire scarring from the mouth of Cook Creek to its upper reaches (about 3.2 km), which may indicate that fires were
more frequent, but less intense near a major ignition source (Buffalo River), or simply that fires gained momentum
as they travelled upslope from the river. Describing variation in scarring across topographic gradients is potentially
confounded by parallel changes in species composition and tree size, two factors known to affect probability of
scarring (Gutsell and Johnson 1996). However, the resuits of our model are consistent with known fire behavior in
hilly topography.

One of the major roles fire plays in maintaining species diversity in savannas and grasslands is the control of woody
plant invasion (Huston 1994). However, it is difficult to separate the effects of fire regime and topoedaphic gradi-
ents on vegetation composition because all these factors are interrelated. For example, the predicted percent of trees
scarred in the vegetation plots on Turkey Mountain was highly correlated with elevation (r=0.83, P<0.001, n=18)
and the topographic moisture index (r=-0.77, P<0.001, n=18), two variables that also defined a major gradient in
woody overstory composition and accompanying fuels (Figure 4). Fertility is also known to influence burning
probability: low fertility tends to promote highly pyrogenic, non-woody species (Kellman 1984). With continued
fire suppression, there will probably be a continued reduction in herbaceous diversity in the high basal area sites and
a slower, but inevitable encroachment of cedar into the very shallow soils on mid and upper-slopes. Continued
woody encroachment would result in the continued loss of diversity (reviewed by Heikens and Robertson 1994). In
addition, the dramatic changes in light and litter on glades and savannas may result in less distinct flora on these
sites. Besides black jack oak and cedar, Reiter (1991) identified winged elm, winged sumac, and aromatic sumac as
invaders of glades in southern Missouri. Both winged elm and aromatic sumac are relatively abundant on Turkey
Mountain.

The overriding environmental factors controlling the distribution of both woody and herbaceous species on Turkey
Mountain are bedrock type; which influences soil pH, CEC, total bases, percent sand, soil depth and topographic
position (elevation, TRMI). These variables, in turn, are also interrelated to bedrock stratigraphy. Glades occur on
limestone exposed at mid to lower slope positions on both south and west aspects. Chert savanna and sandstone
glades are located on upper slope positions and summits. However, subsurface chert and colluvial processes on the
steep slopes probably blur some of the floristic types on Turkey Mountain, producing more of a vegetation con-
tinuum (see Figure 6). The complex stratigraphy and colluvial processes also increase resource heterogeneity in
these generally infertile soils, a situation known to foster high species diversity (Tilman 1982). The high diversity of
the limestone glades is probably due to several interacting factors including: (1) low moisture and soil infertility
(Tilman 1982), (2) drier, windier conditions conducive to export of herb-smothering litter, (3) periodic disturbances
(fire, frost heaving, and erosion) preventing single species dominance (Huston 1994), and (4) slower woody en-
croachment on shallow soils (Pallardy and others 1991).
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Turkey Mountain presents a rare opportunity for using landscape-scale prescribed burns to restore a mosaic of
savannas, glades, and woodlands. Topographic variation and its control of fire intensity will reestablish gradients in
tree structure and community composition (particularly sun versus shade herbs). Overall species richness remains
high at Turkey Mountain because of slow woody encroachment on its shallow soils; however, fire should increase
the abundance of many species and promote flowering. Many savanna species can persist under a closed canopy but
in a very low state of vigor (McCarty and Hassein 1984). Burning of this landscape not only has historical prece-
dent but will help maintain diversity at multiple scales.

LITERATURE CITED

Abrams, M.D. 1992. Fire and the development of oak forests. BioScience 42: 346-353.

Anderson, R.C. and L.E. Schwegman. 1991. Twenty years of vegetational change on a southern Illinois barren. Nat.
Areas J. 11: 100-107.

Apfelbaum, S.I. and A.W. Haney. 1990. Structure and dynamics of Midwest oak savannas. In (J.M. Sweeney, ed.)

Management of dynamic ecosystems. Proceedings of a symposium held at the 51st Midwest fish and wildlife
conference. Springfield, IL. p. 20-30.

Beilmann, A.P. and L.G Brenner. 1951. The recent intrusion of forests in the Ozarks. Ann. Missouri Bot. Garden 38:
261-282.

Craig, W.W. 1988. Geology of the Buffalo River Valley in the vicinity of U.S. 65, Arkansas Ozarks. In Geological
Society of America centennial field guide-south central section. p. 211-214.

Craig, W.W. and M.J. Deliz. 1988. Post-St. Peter Ordovician strata in the vicinity of Allison, Stone County, Arkan-
sas. In Geological Society of America centennial field guide-south central section. p. 215-220

Cutter, B.E. and R.P. Guyette. 1994. Fire frequency on an oak-hickory ridgetop in the Missouri Ozarks. Am. Midl.
Nat. 132: 393-398.

Gutsell, S.L. and E.A. Johnson. 1996. How fire scars are formed: coupling a disturbance process to its ecological
effect. Can. J. For. Res. 26: 166-174.

Guyette, R.P. and B.E. Cutter. 1991. Tree ring analysis of fire history of a post oak savanna in the Missouri Ozarks.
Nat. Areas J. 11: 93-99.

Guyette, R.P. and E.A. McGinnes. 1982. Fire history of an Ozark glade in Missouri. Trans. Missouri Acad. Sci. 16:
85-93.

Heikens, A.L. and P.A. Robertson. 1994, Barrens of the Midwest: a review of the literature. Castanea 59: 184-194.

Huston, M. 1994. Biological diversity: the coexistence of species on changing landscapes. Cambridge, MA:
Cambridge University Press. 681 p.

Jenkins, S.E. and A.J. Rebertus. 1994. Spatial demography of an oak savanna in the Ozarks. In (J.S. Fralish, R.C.
Anderson, J.E. Ebinger, and R. Szafoni, eds.) Proceedings of the North American conference on savannas and
barrens. Illinois State University, Bloomington-Normal, IL. p. 107-112.

Kellman, M. 1984. Synergistic relationships between fire and low soil fertility in neotropiéal savannas: a hypothesis.
Biotropica 16: 158-160.

11th Central Hardwood Forest Conference 198 o



Kucera, C.L. and 8.C. Martin. 1957. Vegetation and soil relationships in the glade region of the southwestern
Missouri Ozarks. Ecology 38: 285-291.

Ladd, D. 1991. Reexamination of the role of fire in Missouri oak woodlands. In (G.V. Burger, J.E. Ebinger, and G.S.
Wilhelm, eds.) Proceedings of the Oak Woods Management Workshop. Charleston, IL: Eastern 1llinois Univer-
sity. p. 67-80.

Logan, J.M. 1992. The glades of the Buffalo National River, Arkansas. Ames, IA: Jowa State University, 103 p.

McCarty, J.K. and F. Hassein. 1984. Distribution patterns of prairie plants in a closed-canopy forest situation. In
{(G.K. Clambey and R.H. Pemble, eds.) Proceedings of the 9th North American prairie conference. Fargo, ND.
p. 127-130.

Nuzzo, V. 1986. Extent and status of Midwest oak savannas: presettlement and 1985. Nat. Areas J. 6: 6-36.

Pallardy, 8.G., T.A. Nigh, and H.E. Garret. 1991. Sugar maple invasion in oak forests of Missouri. In (G.V. Burger,
J.E. Ebinger, and G.S. Wilhelm, eds.). Proceedings of the Oak woods management workshop. Charleston, IL:
Eastern Iilinois University. p. 21-30.

Parker, A. 1982. The topographic relative moisture index: an approach to soil-moisture assessment in mountain
terrain. Phys. Geogr. 3: 160-168.

Pitcaithley, D.T. 1987. Let the river be—a history of the Ozark’s Buffalo River. Santa Fe, NM: Southwest Cultural
Resources Center, National Park Service. 133 p.

Pyne, S.J. 1984. Introduction to wildland fire. New York: John Wiley. 455 p.

Reiter, S.R. 1991. Woody invasion onto glades of the Ozark National Scenic Riverways, Missouri. M.S. thesis. Jowa
State University, Ames, IA. 80 p.

SAS. 1988. SAS/STAT user’s guide, version 6.03. SAS Institute, Cary, NC. 1028 p.

Steyermark, J.A. 1975. Flora of Missouri. Iowa State University Press, Ames, IA. 1725 p.

Ter Braak, C.J.F. 1988. CANOCO—A FORTRAN program for canonical community ordination by [partial]
{detrended] [canonical] correspondence analysis, principal component analysis, and redundancy analysis
(Version 2.1). TNO Institute of Applied Computer Science, Wageningen. 96 p.

Tilman, D. 1982. Resource competition and community structure. Princeton University Press, Princeton, NJ. 296 p.

Ver Hoef, J.M., D.C. Glenn-Lewin, and S. Reiter. 1990. Glades of the Ozark National Scenic Riverway, Missouri.
Nat. Park Serv. Rep., U.S. Dept. of Int., Midwest Division, Omaha, NE. 235 p.

199 11th Central Hardwood Forest Conference



200

‘weuloy () e3aTYy BopadseT ods exy ‘prels (Ysnd) sTTrqeidads sr3sozbeag 321 1) *TUNH BXSTJOIIBT X2T¥))

*XUDTR ere3tdes ezopadsaT a1a AT ©1 snoTuThATA SNWATH yow Ied UoS rrbrequsTynu xo1¥)

7 wnorurbara wniprdeT ues A1z "] STSUSPRURD SNUATY S uet Ied ‘XUSTW esourbnuey xsrg)

TXUDIW BITOFTRUSY weyooT Ted yog saanN eprTTRd PRORUTYDH dao ae) *Tynw eroydoTeydss xerp)

‘1 BTOLIPOS BOonjoeT ITa 0% ‘T BURTUTDITA soxAdsord oxe 1ed TZUSNDEW PIOIITIOIP XSIED

©1 seprtorzoledne BrUYny enb otg TTRwWD g0 ("3TeM) epjeurezenb PRI0DSOId uet ung "sI3d ("XYLIW) esourbBnuer errowng

“a3nN (7)) uorTspurp eIbIIYy 193 01g '1TeM seg83 BTPOIQ oex oixg *l snsowsoeI snwoxg

~1 rueruTbaTA snxadrunpy dds seag raseq ds unrpousag and oxg *1 sueband snworg

zioyuong rayse snxadrunp sas sag ‘D3t (TII0L) WATTOJTTISSSS unipowsag ano nog fII0L ("XUYDTW) BTNpUadriInd engrainog

s ds EaowQdl ned sag ‘04 ("33o0N) wazoryroned umIpowseg STP 109 -Busxds ungoessip uniysdriog

TXYDTH wndrroorseyds wnotradAy ued sag ‘00 (1) wngernortued wnrpowssg nay deg ‘ianN eeeydoonar ersrideg

‘pneng (yowrds) wniernyjeds wnoTradAy nu ss8Qg TQUUOS (T TPUTYDS) TITTRIINU wnIpowsag ued 318y "1 §TsuspRURD snreherisy

‘1 wnzeround wnotredAiy 2T s8d "O0d {33ION) wnrITHTASR] WnIpPOUsSST dds 13sy *1 ~ds I838Y

TTTRINON PITOFTNUSY EIUOISTOY saq Aez9 ssusourrrT Wnipowsag jed asy *A1Y susjed 1835y

*1 veandind erucisnoy EEN pooM (*TYynp) wnmsouranTh wnrpowssg nip sy *TPUTT TIpuOWuNIp I835Y

‘uzag (CweT) suBoTIBTU PTUOISNOH saq TPNOT (T TUNW) wnieprdsno unIpousaq oue 35y *Tebug snyewour I93SY

‘AI9en PrroITBUOT PTUOISNOH Ie0 Taq T3ITEM WNUPTUTTOIRD wniurydrag e1d dsy ‘sayep (°1) vornsulzerd umiusrdsy

*] PUPDTISWE PIBYONSH tds ueg ranesg (°q) eaeords pruoylIuUERg dAy osvy *7 seprooriadAy undArosy

TIAOL (TIANN) wnrTeuay wardoiloTTan Iss ueg *330N BS0T1I9S PTUOyIUE]g 184 OSY ‘7 eyerrIoTlass serdorosy

"PRIYDSS TURTITWIXEPW SNYIUBTTOH 1t3 dip “TYRA STWTNOTTTy snaadAD gni osy ‘1 esoxaqny serdorosy

“Jey SnaNsITY Sny3zuerrey TIO UND “33tag (°71) ssprouebrio PrIUnD enb ossy ‘boep erroyrapend serderosy

TT SNPOTIBATD SNUIUBTISH Uty ox) TXUDTW STIRSUTT srsdouciorn and 1av ra1t1ogd susoserndind epIrISTIY

+1 wnarndznd wntreydeus 1712 ox)d "pTTIM 2OTIdTITT2 stedouozord 110 TIy "RUOTW Py3uebTTO eprisTIy

TUBA PTITOFTNUS] BIPILISD dds vi1p T ds snbeezein 2Tp Tay CRUDTH PWOIOUO TR PPRTISTIV

'l BARTI BIPIRISD oQo 10D ‘JeY Sn3BAOCGO SNUTION I38 81y ‘XUDSTW PIDTIIS PTIRPUSIY

*T WNURTUITOIRY WNTUBILD o133 10D ‘I BRIIO[S SnUIO) jed aay "XUDTW ernzed eIIRUaIy

S23NN wn3ehbITA WNTTRY nIip 10) 2949 TTPUOUMINID SOUIOD ued eIy ‘1l STSUSPRUED STqRIY

7 cds uniieo Ted z0p *1anN eyewred sTsdosIon Byl BIY ‘uhey (1) euerreyy sredoprqery

TXYOTW SUPZ3LOITO WNT[RD uBy 10D ‘1 egerosouey srsodosIod erd juy "YOOH (°7) erroyrurbeizuerd errruuSlUY

ARIS WNUPSUBRYI® WNTIT?Y 219 wod Yl B308I3 BUTTSUWCD 1TA Buy “ RUBTUTHITA Buowauy

*1 eurrede wnIrED 2T WeH ‘uIsg PURTSDIBRYOTL EIPUBWO 02§ puy *XUYOTH snraedoos uobodorpuy

*331Ig (71} STTIQRTOA BOTIOE[ED Iew 11D * BUPTIEW OTIOITTD asbh puy CWITA TRIRIBS uobodorpuy

TXUOTW eieTnburipenh snuIxeli ITA TYD ‘1 POTUTDITA SNYIURUCTYD exq dury Tuxei (7)) pyeeizoprg edreoryduy

T PURPDTIDWE SNUIXE2II qare aup *7 wngre wunripodousyd qie auy Tudgd ("J CRUDTH) BOIOQIP ISILOUPTOIWY

‘37eM BICTFOJO0 PONISLF uel ayp uojley D03 {"HUDTIW) BSOUPT SBYIUETTIaYD J1e quy T RITOITISTWR3IR BISQOIQUY

*I2TySTg PENIGO PON1S8y usy 19D TAA0N BITOIINUSY STIT80 2318 TIY I9SRII UWNIPTTSIS Wnli[ry

"XUOTW g3@3usp PTQIOydny 220 185 "] SITRIUSPTIOND STATSD sox iby cATTeM BIRTIS3S0T prUOWIISY

] e3RTIOI00 pr@Ioydny swe ea) T SnUBPDTISWER SnYIoULdD qnd 1by “xTTBM susosaqnd prucwrIby

*1 wnwissT3TR wnrarojedng gey SBD CNUOTW BARTOTOSRI BISSED 1TA ebY “p BOTUTHITA 2arby

*3anN wny eITHUCT wnuoborryg %93 xe) *1%ong eupxel eAren oeS 80y YSIBW UMIpyoors Ia0y

‘TUnW snsobrras uozsbrag aeD aed T3ieM BuRTUTTOIRD snurdird e1b =20y Aean susrroetb eyditesy

‘s12d (°1]) snuue uocIabrayg dds aen ‘1 tds xsxed bue eoy (*TTIIW) pwrsstisnbur proe0y
mmm——— satoads/snusn 2005 EESEEC LY ED) EYo Lot SaToads /SNUsH
“{GGAT) AIPWISAR]E MOTTOJ SowWeU DITITIUSTOS 'UTRIUNOW ASYINL ICI $9pPOO pue 1sTT sotoeds T xtpuaddy

11th Central Hardwood Forest Conference



uoq  Twg Tl XOU-2UOG XBPTTWS Ted uag Treus snprrred uowsisusg

wed SIS ‘uNOTg @rgsedwed unTYOUTYIASTS qoo usg *3I0N PORQOD UQWB3SsSUsd

BT 118 o wnjerurory wnrydris IR 194 NuTT (7)) perndindorjle wee[ISd

ItTA T1S ©1 BOTUIDITA SUSTIS InT sed *7 eaIny BIOTITSSRY

ogo usg “TUNW SNIRAOGO OTOdUSS nb aeg youeTd (') erroyenburnb snssrocusylred

1ad pss CRYDTR wnirayornd unpss sey 1eg cuxeg {(-yey) eiebrisey prydAuried

jnu pas T3RY WnRUPITIPRINU uwnpag uad 1eg “Tynpw wotueardsuad prIP3S®TIRd
s’ ITA CKUOTW SITRATIS®® STITA BAO NOY TIIH P3IRAOC PTIPTTO3NOS ITA ueg *7 wn3ebITa WNOTURYG
TI3 OTA TUTSMUDS PQOTTII3 PTOTA 110 T28 TXUDTW PYIUEBDHTITO BTIS[OS dds ueg -1 +ds umoTueq
InI qIA TIey unrnpTIng WnuIngra oun yos ‘PITIM BIRUTOUN BPTYURIYDOS 170 ueg *ATNYDS S8yl UuRsohHITO uWnorued
182G 13p *II0 TUTMPTRQ PTUOUISA XIe jeg *b1ag (-13InN) eupsuepyrE Pl9Injeg uTy ueq TUQLIDS WNTTOFTIRSUTT WNOrUed
ITA IBA *7 POTUTHBITA BUTSSQIDA qie seg S99N (°3I30N) UNPIQTR SPIFPSSRS Xel ueg ‘we WNIOTITXEeT wnoTued
19y I3 *XUDTW SOPTOYFUBRTTOY PUTSIQIDA 2156 ueg T1oudot1g praebsab ernorues 3el ued S WNTTOFTIRT WnNOTURG
ued Is8p *33Tag (*7]) STSUSPPURD PUSGISA dds teg ‘1 *ds erares ueT ueg " 113 unsourbnuer wnorueq
BIQ ISA *I1poy 3 "bel ejesjopaq vusgisp IA7 1es ‘1 23RIAT prATES e1o ueg “ WNUT3ISSPURTO WNOTURG
oBA DBA *II0] SUBTTTIORA WNTUTDOBA nze 1es ‘WeT esInze BTATES soq ued rIT0d ITOSOQ wWnorued
B3}S DOBA CT WNSUTWP3S UNTUTOOPA 138 any ‘1 susdexls errrony 182 1ed 9 o® L ('33INN) EBSOTTRD prYXOFETE
qnI wig " TUNW 2IQNIT SN pad any *110] p3RTROUNpad eITTSNY OTA BXQ ‘] PRORTOTA STTEXO
e{e wign TKUYOTW p3ETR snuyy wuny eny TRINN STTITUNY BPITTeny I3s exQ *T BIOTIIS SITEXO
el TaL TOUDITH (') SnARTF SUSpTrI ITY poyd T oBlITY PrYoSqQpny ITA 380 Yooy M (*TTIW) euerurbara edi3so
3In Bag, TKUDIW FITOFTOT3In eprber] dds quy -1 cds sngny woo ndo cIgoeW (*gstreg) essaxdwoo eriundg
Tyo eaj *JeY SISUSTYC BTI3URPOSSPEI] 1eD S0y (1) 'vUT[OIRD ®BSOY ans ougp ysng % "ZUSHDRW WNS0IasSqns uwWnIpowsouQ
114 dagp *s18d (1) eupTulbITA PISOIUdS] asd qgoy *7 eroeoe-opnasd RIUTQOY ITA OAR +389 (1) eOTUTHITA STI0SOAN
Jed Te] *330N unIoTJrATRd WNUITEL pex ayy "] SUPOTPRI Ssnuyy qos ynpR ‘uTIl (' TUNW) PIDJITOQOS eTbIsquarTyny
TR0 1Bl rutebuy wnuroATes WnUTTERL eTh nyy “1 evaqerb snyy deo ynpy “utaL (tweq) sraxerrrded erbrsquaTyNW
JuT ael spnxg (°1) Pwriasbsjur BIPTUSE] doo nuy *1 purrredoo sayy ST UOW * PSOTNISTI EPIRUOW
qio wig Yyousow snjernorqro sodreorroyduwds o1® NuY “3TY BPOTIRWOIR snyy qle ITW TIBWTIdH ("3TeM) BRTQTe STTIQRITW
319 A3s *dsg (*11) PrOTITQ sayauesoTA3s Tea and ‘weT purinyea snogand ATU [9W *3ANN SUSITU BOTI[8W
8T IS zadtd (5 3 1) rwradsorer sardascydoris 538 and -buem p3pr7o3s snoxsend 03D JEeR UOSpPOOM {'X2TY) SuaTIdrosp paro3ew
124 138 TTE (1) eroarey sardisoydoris qnx enyd *1 eIQNI SNOIBNY ety uon SUITS PARPTJI EBIaQTUOT
eto ods "OUDATH (I9T4aTd) snurzsspuerd snroqoreds 1xd a0p "PTTIM soprourxd snorxand Jut qo *T BIPTIUT PIT9q0T
dse odg ‘yauny (TXUyoIW) Jodse snrogorods Iew and TYUOUSNW BOTPURTTIIRW SNOIBN] out 317 ‘wysT wnsrour wnwradsoyirT
vi1b 1dg joag (-19btg) sTrrovib seyzuexrds Tey and *XYSTW pIROTRY snozxand ued 317 TWYS ("XUDTW) susoseurd wnuwrsdsoyird
3go udg TUQTADS (TXUDTIW) Pp3esniqoe srroqousyds qie end ‘1 eqre snoIang ued uTT sjaoumg (°7I) STsuspeURD PIIBUTIT
qut uyds ‘qplAy prpewIsljur $TTrOqOuULydS dds nag *7 *ds snunig nbs eT7 *RUDTW (1) esoxrenbs srajerq
1ad adg od vy () ezerroyrsd eraernoads uod 104 T SATRATOAUOCD wnuobATog BOS eI7 ‘WNYSS "M (PUdd19) BIQEROS STIIPTT
Jnu 108 ‘yseN (7)) suejinu unijzseybrog ita BTd ‘o eoruTbaTA OobrauETd onw BT *oQ BjPUOIONW STIIRTT
wyn 108 CTUNW BITOFTWIN 0DEPIOS yss utdg TTTTW PIRUTYOS SnUT 140 =17 ‘XUYDTW POORIPUITAD STIFRTT
dds {og ‘1 ds obeprro§ ITA TUd syzueg (°7) epuprurbITA ®BTbHOgzsosAyd dse w11 "XUODTW BIadse STIJERTT
peEIX T0S “3anN ernpes obepriog 118 Ayg CTITW pueTuThbITA sTTRSAUF ITA SO 1 eoturbatTa pzZopadssT
1ad 10g "1Ty sTaeroriad ob6eprrog Ttd Tug ' esorTd XOTYd dds seT “RUOTW °ds wzapsdsaT
usu 10§ T1TY STieIowRu 0LEPITOS and 38g “qpAy (- 1usa) unsandind vowejscoreisg oxd seq “XUDTW susqunooxd ezapadsaT
Hie ToOg “aTy 2anbre obeprrog URD 184 TXUDTW (TPITIM) UNPIpUPD UowWa31s07839d QUT S$27T *13Tag ("s3em *G) PIpawIslur pzapadsaT

2p0D saToads snuen E}elele) saToads sSnuao 2p0D satoads snuan

penuTiuo) 7 xTpuaddy

11th Central Hardwood Forest Conference

201



