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Abstract 
 
Little information is available on how eastern sand savanna responds to fire restoration 
management.  We examined initial and 20-year fire effects on woody vegetation of the Tefft 
Savanna, a 197 ha remnant of the eastern sand savanna landscape, located in northwest Indiana.  
Based on Public Land Survey notes, pre-settlement vegetation was primarily black oak (Quercus 
velutina) and white oak (Q. alba) barrens and pin oak (Q. palustris) savanna, with total density 
of about 50 trees per hectare and basal area of 4m2/ha.  In 1986, we identified black oak, white 
oak and pin oak cover types, which occurred sequentially along a dry to wet moisture gradient 
determined by topography.  For trees > 15 cm dbh, which approximates the PLS data, the black 
oak cover type had 230 stems/ha and 11.3 m2/ha.  The white oak and pin oak cover types had 
about 50 % less density and volume.  However, density for stems > 5 cm dbh was more that 
twice as high.  We sought to determine the extent that initial burning at low and high fire 
intensities could restore woody structure, and how low intensity burning over 20 years at 3 
fires/decade might further modify vegetation.  Initial low intensity burns in the black oak cover 
type reduced tree cover and shrub layer density.  In the white oak cover type, low intensity burns 
reduced shrub layer cover and density, while high intensity burning reduced cover of trees and 
shrubs.   Continued burning with low intensity fires over 20 years had little effect on tree cover 
and basal area, but reduced lower size class densities of black oak, white oak and pin oak.  This 
promoted an increase in shrub layer stem densities, primarily as a result of post-fire sprouting of 
oaks from smaller size classes.  Black oak was more fire-sensitive that white oak as it lost 
significantly more stems in smaller size classes.  For stems above 15 cm, the black oak cover 
type decreased to 195 stems/ha but basal area increased to 16.2 m2/ha.  The white oak and pin 
oak cover types were more stable.  Time since fire was critical in regulating the shrub layer, with 
a return to high cover and density within three years of burning.  These results suggest that 
burning with low fire intensities at 3 fires/decade for 20 years will only partially restore eastern 
sand savanna structure and  may promote increased woody stem densities in the shrub layer.  



Greater fire frequency appears necessary to maintain low shrub layer cover and density however, 
mechanical thinning, also may be needed to further reduce canopy cover and achieve more open 
savanna conditions.  
 
Introduction 

 
Open-structured oak savannas in the Midwest were maintained as a result of recurring fire from 
lightning and burning by Native Americans (Wolf 2004, Abrams 2000, Anderson et al. 1999, 
Taft 1997, Heikens and Robertson 1994, Olsen 1991, Grimm 1984, Henderson and Long 1984, 
Vogl 1970).  Oak savannas are one of the most endangered and altered ecosystems in North 
America because of post-settlement fire suppression and cultural development (Anderson et al. 
1999, Nuzzo 1986, Bowles et al. 1994, Bowles and  McBride 1994,  Szeicz and MacDonald 
1991, Packard 1988).  Fine-textured, deep-soil savannas have suffered the greatest losses; Sand 
savannas are the most extensive remaining savanna type in eastern North America (Faber-
Langendoen 1995, Will-Wolf and Stearns 1998, 1999, Haney and Apfelbaum 1990)because of 
their low fertility and greater susceptibility to fire (Anderson and Bowles 1999). . 
 
Eastern sand savanna extended from Iowa through Illinois, Indiana, Michigan, and Ohio into 
Ontario (Figure 1).  This vegetation type differs in species composition from northern sand 
savanna (Will-Wolf & Stearns 1999), and large remnants may contain a wide floristic gradient 
including dominance by black oak (Quercus velutina) on well drained uplands, white oak (Q.  
alba) on more mesic sites, and pin oak (Q. palustris) on poorly drained habitats (Brewer & 
Vankant 2006, 2004; Haney and Apfelbaum 1990). Little specific information is available on 
how fire processes structured original sand savannas.  This vegetation was commonly called 
“barrens” (Will-Wolf and Stearns 1999), where poor tree growth and form were thought to result 
from excessively drained, sterile soils (Homoya 1994).  However, frequent fire likely contributed 
to poor form (Bowles and McBride 1994, Anderson & Bowles 1999). Frequent or intense fire 
apparently maintained sand savannas prior to settlement (Henderson & Long 1984) since 
surviving savannas developed greater canopy cover with fire exclusion (Abella et  al. 2001, 
Nielsen et al. 2003, Pavlovic et al 2006).   
 
Fire regime has been shown to greatly influence structure and composition of savannas, with 
increasing fire frequency or intensity causing a decrease in canopy cover and limiting oak 
recruitment (Faber-Langendoen and Davis 1995), thereby increasing diversity of light-dependent 
ground-layer vegetation (Bray 1958, Bowles and McBride 1998).  Oak wilt (Collada and Haney 
1998), and summer drought also may play an important role in this process by increasing 
flammability of fuel, as well as stressing trees and increasing probability of woody plant 
mortality (Faber-Langendoen and Tester 1993, Anderson and Bowles 1999).  Despite interest in 
conservation of savannas, only one other long-term burning experiment has been reported.  After 
30 years of prescribed fire in a northern sand savanna in east-central Minnesota, a minimum of 3 
low intensity fires (<1 m flame height)/decade were thought to stabilize woody vegetation as 
they prevented development of a sapling layer, as well as ingrowth by the dominant tree, Hill’s 
oak (Q. ellipsoidalis) (Peterson and Reich 2001). It was also reported that more frequent burning 
may not sustain Hill’s oak, but will favor bur oak (Q. macrocarpa) and development of oak 
grubs.  The differential effects on Hill’s oak and bur oak may reflect differences in response of 
the red oak (Erythrobalanus) and white oak (Leucobalanus) subgenera to frequent fire, where the 



latter are expected to be more fire-resistant as a result of greater bark thickness (Loomis 1973, 
Hengst and Dawson 1994, Huddle and Pallardy 1996). 
  
We examined long-term effects of fire in a 197 ha sand savanna landscape that contains black 
oak, white oak, and pin oak cover types corresponding to a topographic moisture gradient 
ranging from well drained upland habitat to poorly drained wetlands.  We evaluated response of 
woody vegetation to initial low and high intensity fires followed by 20 years of low intensityy 
burns repeated at 3 fires/decade.  We examined the following questions that have implications 
for restoration and management of sand savannas by prescribed fire:          
           1) How is modern eastern sand savanna vegetation organized across a topographic 
                moisture gradient in comparison to presettlement vegetation? 

2) How do initial fires of different intensities affect vegetation structure across this 
gradient? 
3) Does subsequent burning at 3 fires/decade eliminate or prevent saplings and stabilize 
ingrowth as reported in northern sand savanna (Peterson and Reich 2001), and does this 
differ among dominant oak species in the eastern sand savanna? 

            4) Do repeated low intensity prescribed fires produce results similar to 
                initial high intensity fires, and do they stabilize vegetation patterned by initial fires? 
            5) Does sensitivity to fire vary by cover type primarily because of variation in fire 
                sensitivity by species, or because of variation in fuel characteristics? We have no fuel 
measures unless Steve can find the original data 
 
Study Area 
 
Our study was conducted at Tefft Savanna Nature Preserve, a remnant of eastern sand savanna 
located in Jasper Co, Indiana  (Figure 1).  This 197 ha (480 acre) natural area is located in the 
“prairie peninsula” (Transeau 1935) at 41o10’ N latitude and 86o58’ W longitude, within the 
3239 ha (8000 acre) Jasper-Pulaski State Fish and Wildlife Area.  Oakville fine sand, Newton 
loamy fine sand and Morocco loamy sand comprise 80 % of soils in the study area, and are 
developed in Kankakee River outwash and lacustrine sands in the Northwestern Prairie and 
Wetlands Natural Division of Indiana (Homoya et al. 1985).  These sands have been worked into 
eolian dunes and imbedded wetlands, with elevation ranging from about 210-256 m (700-750 
feet) above sea level (Figure 2). Climate is continental, with average temperatures ranging from -
4.5 Co in January to 23.2 Co in July, and 93 cm annual precipitation, 52 per cent of which falls 
during the May through September growing season (Smallwood and Osterholz 1990).  
Unpredictable summer drought, as well as dry fall and early spring conditions, favored fire and 
predominance of prairie and savanna vegetation in this region, especially on drought-prone 
sandy soils (Anderson 1983, Anderson 1991).   
 
Data from the Public Land Survey (PLS) provide a coarse-grained description of pre-European 
settlement vegetation of the study area.  In 1833, Sylvester Sibley and in 1834, A.E. Van Ness 
surveyed five section lines bounding the study area. Their notes indicate the area was 
predominantly “barrens” with black and white oak timber occupying poor sandy soil on gently 
rolling terrain, although about 25 % was wet prairie and marsh (at elevations below 215 m).  
Based on modified point-center-quarter analysis (Cottam & Curtis 1956) of bearing trees at nine 
corners, tree density was 49.2 (+7.0 se) trees/ha, with 3.93 m2/ha basal area.  “B. oak” (Quercus 



velutina) and “W. oak” (Q. alba) were recorded as bearing and line trees, and did not differ in 
size, averaging 15.1 (+0.01se) cm dbh.  Black oak was most abundant, with over 70 % relative 
density and basal area.  Several “B. oak” bearing trees in wet prairie may have been pin oak, and 
a single bearing tree recorded as  “Y. oak” may have been Hill’s oak, as this species has 
yellowish inner bark compared to the orange inner bark of black oak. 
 
Modern woody vegetation in the study area probably represents the original floristic gradient, but 
with modified composition and structure resulting from restricted fire.  Black oak- and white 
oak-dominated savanna and woodland occupy well drained sites, while poorly drained sites 
support  pin oak- dominated woodland, as well as wet prairie and sedge meadow.  In 1986-88, 
when we initiated this study, density of trees > 15 cm dbh in black oak-dominated stands was 
230 stems/ha, with 11.3 m2/ha basal area, several times greater than estimated from the PLS.  For 
stems > 5 cm dbh, density was even greater, reaching 500-650 stems/ha in black oak and white 
oak stands   Apparently fire suppression led to greater canopy cover of upland oaks, as well as 
increases in big-toothed aspen (Populus grandidentata), black cherry (Prunus serotina), and  
development of pin oak, black gum (Nyssa sylvatica) and red maple (Acer rubrum) woodland in 
poorly drained areas, which were not mentioned in the PLS.  To restore more open savanna 
similar to presettlement conditions, the Indiana Department of Natural Resources (DNR), 
Division of Nature Preserves, began prescribed burning in 1982, using either spring or fall 
dormant season fires.     
 
Methods 
Fire treatments 
The study area was divided into ten contiguous 16.2 ha (40 acre) management blocks separated 
by fire breaks (Figure 2).  Fire intensities varied with topography and annual burning conditions.  
We used scorch height to gauge fire intensity because of its predictive relationship to tree 
mortality based on dbh (Loomis 1973).  Data from 250 trees among three blocks in 1986-88 
were skewed, with 95 % of all samples having < 3 m scorch height, and a median height of 1.25 
m.  Prior to 1986, four management blocks that had not burned for 30 or more years were held as 
controls for initial burns. Three others received at least one burn with scorch heights < 2 m, and 
three received at least one wildfire in which scorch height reached 3-6 m and caused wide spread 
mortality of canopy trees.  After initial sampling, all blocks were burned randomly, each 
receiving 0 = 5.7 (" 0.28 se) burns over a 20-year period.  This corresponds to a rate of 3 
fires/decade, and a 0 = 2.84 (" 0.12 se) year fire-free interval.  During this period, most fires 
were within the range of conditions measured in 1986-88, and none reached the intensities 
achieved by the initial wildfires.  In the statistical analyses performed in this paper, we refer to 
burns with scorch heights exceeding 3 m as high intensity fires, as they have > 95 % probability 
of causing mortality to # 30 cm dbh black oak (Loomis 1973), which includes 90 % of all black 
oak stems sampled in 1986-88.  All other scorch height classes are referred to as low intensity, 
where the median scorch height (1.25 m) has > 95 % probability of killing < 7 cm black oak, 
which includes < 40 % of all black oaks sampled. 
 
 
 
Data collection  



Vegetation in each block was sampled by five to ten random 50-m transects that extended east or 
west from north-south fire-breaks.   All transects were permanently marked with steel conduit 
stakes.  Thirty-six transects were first surveyed in 1986, with 15 located in 3 unburned blocks.  
All of these transects had received at least one prescribed fire by 1988.  At that time 23 
additional transects, including 10 unburned, were sampled, for a total of 59. Six transects were 
largely in sedge meadows, and are not included in our analyses for this paper. 
 
 Each transect was used as a line intercept to estimate tree canopy cover of all woody species 
with stems > 5 cm dbh (diameter breast height) and shrub layer cover of woody species with 
stems < 5 cm. dbh and > 1 m tall.  The diameters of living trees rooted within 1 m of each 
transect were also recorded by species, resulting in a 100 m-sq sampling area.  All shrub stems 
rooted within 1 m of the south side of each transect were tallied by species, resulting in a 50 m-
sq sampling area.  Black oak and pin oak were clearly identifiable as species occupying opposite 
elevation extremes in the study area.  However, introgression of these species with a third 
Erythrobalanaus oak species, Hill’s oak (Quercus ellipsoidalis), may have occurred at mid-
elevations.  We did not attempt to separate Hill’s oak, but recorded individuals as black oak or 
pin oak based on which parent they most clearly resembled.    
 
Each 50-meter transect served as a replicate for statistical analysis.  Canopy cover of tree and 
shrub layer species was expressed as a percentage of the transect length measured to the nearest 
0.1 m.  These measures were also summed to represent total cover, which often exceeded 100 %.  
Tree numbers in 10-cm size classes and shrub numbers in transect plots were converted to 
numbers  per hectare.   
 
Data analysis 
To examine how woody vegetation was organized across topographic gradients, transects were 
ordinated using the Bray-Curtis technique with a Sorenson distance measure, and then clustered 
using Ward’s method and a relative Euclidean linkage.  The metric used for these analyses was 
tree species cover averaged for each transect using 1986 and 1988 data.  These analyses were 
conducted on PCORD software (McCune and Mefford 2006).  They produced black oak (N = 
21), white oak (N = 21) and pin oak (N = 11) dominated groups (see results), hereafter referred 
to as cover types for statistical analysis.  To determine whether ecological factors affected the 
species gradient, all transects were digitized over USGS quadrangle maps and analyzed for 
average slope and elevation using 3 m resolution digital elevation models on ARCVIEW 
software (ESRI 1998).  Regression analysis was used to test whether slope and aspect measures 
were significantly related to the first and second axis scores of each of the three cover types.  We 
also digitized vegetation types described by the PLS and used digital elevation modeling to 
determine elevation of barrens and wet prairie/marsh vegetation. 
 
To address fire effects on cover and density, we used repeated ANOVA in a General Linear 
Model (GLM), as well as t-tests.  The initial treatments for these tests differed among cover 
types.  Black oak stands had low fire intensity and unburned treatments, white oak stands had 
high and low fire intensities, as well as an unburned treatment, and pin oak stands had high and 
low fire intensities but no unburned treatment.  These treatments also differed over time, as no 
cover type had consistent high or low intensity fire, nor unburned treatment after the initial 
treatments.  Percent cover and density were heavily skewed, and therefore arcsin and square root 



transformed, respectively, for analysis following Zar (1984).  All cover data were reduced to a 
maximum of 100 % required for the arcsin transformation.  Because fire treatments differed over 
time for some replicates, use of repeated ANOVA to test whether initial high and low fire 
intensities differed from a control (unburned) is invalid.  To compensate, in the 1986-88 data set 
we used t-tests to compare between treatments in the black oak and pin oak cover types, and a 
one-way ANOVA to compare the three treatments in the white oak type.  The repeated ANOVA 
provides a valid test of whether cover and stem density differed over time.  It also provides an 
interaction term indicating the probability of whether repeated burning alters cover or density 
compared to initial treatments.  This term should be interpreted with caution as it may be 
confounded by application of different fire treatments over time. The interpretation of unburned 
controls is also limited in this study, as no preburn data were collected on initially burned 
transects, and the initially unburned transects were burned over time after 1986.   
 
We also used a one-way ANOVA to determine effects of time since fire on the cover and density 
of shrub layer vegetation in 2006.  A preliminary ANCOVA revealed that 1986-88 data did not 
significantly affect the results.  For the analysis we pooled cover types, as similar responses 
occurred among each cover type (unpublished data).  Replicates for this analysis were transect 
data collected in 2006 partitioned by groups based on the number of years since their last fire.  
These times ranged from 0-years (sampled in the first growing season after fire) to 3-years 
(sampled in the fourth growing season after fire).  Sample sizes were unbalanced, and ranged 
from N = 5 (third growing season after fire) to N = 20 (second growing season after fire).  As 
above, cover and density data were arcsin and square root transformed, respectively. 
 
To further understand long-term changes in vegetation structure, we compared the size class 
distributions of the three dominant oak species over time, as well as the distribution of basal area 
among all tree species over time.  For the shrub layer we also partitioned species into three 
groups: Quercus species, stems of other potential canopy trees, and stems of true shrub species.  
We then compared abundance of these groups over time among the three stand cover types in 
relation to whether they were initially burned or unburned prior to sampling. Chi-square analysis 
in contingency tables was used to test changes in size class distributions. 
 
Because blocks represented fire management units in this study, our analysis at the transect level 
(N = 5/block) constitutes pseudo-replication.  We used transects as replicates because stand 
cover types varied within blocks and the number of blocks in the study area was insufficient to 
sample variance among stand cover types.   As a result, this application limits statistical 
inference (Hulbert 1984).  This necessity is often difficult to overcome in long-term fire studies 
because of the difficulty of repeatedly conducting burns in a replicated design (McGee et 
al.1995, Luken and  Shea 2000, van Mantgem et al.  2001, Taft 2003, Sutherland et al.  2003). 
 
Results 
Species and cover type distribution 
Ordination and cluster analysis produced three primary stand cover types (Figure 3).  The first 
ordination axis was associated with decreasing abundance of black oak and increasing abundance 
of white oak.  First ordination axis scores had a significant negative relationship with elevation 
(r2 = 0.37, P < 0.001) and slope (r2 = 0.25, P < 0.001).  The second ordination accounted for less 
than half of the variation in the first axis, and was associated with increasing abundance of pin 



oak, as well as red maple, and black gum.  It also had a  significant negative relationship with 
elevation (r2 = 0.09, P = 0.03) and slope (r2 = 0.10, P = 0.022).  With about 37% information 
remaining, Ward’s cluster analysis produced three species groups corresponding to the 
ordination, with each group dominated by either black oak (87 % relative cover), white oak (48 
%  relative cover), or pin oak (68 %  relative cover).  In the white oak group, black oak and pin 
oak equally shared an additional 37 % relative cover.  In the pin oak group, black gum had 19 % 
and red maple had 5.5 % relative cover, respectively. 
 
Initial fire effects on vegetation structure across the moisture gradient. 
In the black oak cover type, tree cover averaged over 88 % in unburned transects, and was 
significantly lower in transects treated with low intensity fire, reaching about 50 %.  However 
shrub cover did not differ between treatments, remaining at about 20 % in each. (Figure 4).  In 
contrast, shrub density reached about 775 stems/ha with low intensity fire, a marginally 
significant (P = 0.07) difference compared to over 2000/ha stems in unburned transects.   
 
In the white oak cover type, tree cover averaged 97 % in unburned transects.  It was significantly 
lower with high intensity fire, reaching about 20 %; however, unlike black oak, the low intensity 
fire treatment did not differ from unburned (Figure 5).  There was also a significant effect on 
shrub cover, which reached only 5 % with high intensity fire, compared to about 15 % with low 
intensity fire and 40 % in unburned transects.  Shrub density tended to be lower (P = 0.0516) in 
transects with low intensity fire than in either unburned or high intensity burned transects.   
 
There were no significant differences between low and high intensity burns in pin oak stands, 
where tree cover averaged about 35 %, shrub cover about 15 %, and shrub density about 1600 
stems/ha (Figure 6).   
 
Effects of burning on cover types over time  
Tree cover did not change over time in the black oak cover type, with initially burned transects 
remaining lower in cover than initially unburned transects (Figure 4).  However shrub cover 
diverged, tending to increase in previously unburned transects and to decrease in previously 
burned transects.  Shrub density increased significantly in either treatment, reaching about 7000 
stems/ha.  Shrub layer cover and stem density were also significantly correlated (r2 = 0.336, P = 
0.006) in 2006, but not in 1986.  
 
In the white oak cover type tree cover was significantly lower after 20 years.  However, this 
decrease was caused only by a  decrease in transects that had initial low intensity fire, as other 
treatments remained unchanged (Figure 5).  Shrub cover had a marginally significant decline (P 
= 0.056), primarily as a result of a drop in cover in transects that had previous high intensity 
burns, as well as in previously unburned transects.  Shrub density increased significantly to about 
35,000 stems/ha in transects that had previous low intensity fires, but remained unchanged in 
other transects. Shrub layer cover and stem density were also significantly correlated (r2 = 0.302, 
P = 0.010) in 2006, but not in 1986. 
     
Tree cover did not change over time in pin oak stands (Figure 6).  However, shrub cover and 
density both diverged over time by tending to increase in transects with initial low intensity fire 
and to decrease in transects with previous high intensity fire.  Shrub layer cover and stem density 



were also significantly correlated in both 1986 and in 2006 (r2 = 0.558, P = 0.001 for combined 
years). 
 
Change in oak size class distribution and basal area 
At the species level, all three dominant oak species exhibited similar changes in size class 
distribution by increasing below 5 cm dbh, decreasing in mid size classes, and increasing in the 
largest larger size class  (Figure 7).  For stems <5 cm, black oak increased from about 440 to 
over 800 stems/ha, white oak stems from about 300 to 700 stems/ha, and pin oak from 50 to 125 
stems/ha.  This apparently resulted from post-fire sprouting of oak stems in >5-10 and >10-15 
cm size classes, which dropped from between 100-200 stems/ha to < 50 stems/ha.  Black oak and 
pin oak stems up to about 30 cm also were reduced, while white oak stems above 15 cm suffered 
little loss.  As a result, decline in stem numbers below 35 cm was significantly greater for pin 
oak and black oak than for white oak (X2 = 12.651, P = 0.002).  Larger stems increased because 
of ingrowth from surviving smaller stems.  None of the changes in stem numbers above 35 cm 
were significantly different among species (X2 = 3.289. P = 0.194).  The slight increase in larger 
stem numbers of black and white oak caused their basal area to increase from 6.3 to 7.1 m2/ha, 
and from 1.75 to 2.4 m2/ha, respectively, while basal area of pin oak dropped from 2.0 to 
2.6m2/ha. 
 
At the cover type level, total stem densities of all  species  >5 cm dbh also decreased, while basal 
area tended to increase dbh (Table 1).  In the black oak cover type, stem densities dropped from 
about 500 to 300 stems/ha, while basal area increased from 13.1 to 16.9 m2/ha.  In the white oak 
cover type, stem densities dropped from 650 to 266 stems/ha, with basal area increasing from 9.7 
to 11.2 m2/ha.  In the pin oak cover type, stem densities dropped from 230 to 150 stems/ha m 
densities; however, basal area dropped from 7.5 to 7.4 m2/ha.  Most subdominant tree species 
tended to increase slightly in basal area (Table 1). Black cherry and black gum increased across 
all stands.  Sassafras declined in black oak stands but increased in white oak stands, while red 
maple increased in white oak and pin oak stands. 
 
For stem densities above 15 cm, which approximates the PLS data, the black oak cover type 
decreased from 230 to 195 stems/ha, with basal area increasing from 11.2 to 16.2 m2/ha.  For the 
white oak cover type, these densities increased slightly from 143 to 157 stems/ha, while basal 
area increased from 6.7 to 10.5 m2/ha.  There was less change in pin oak stands, which remained 
at 90 stems/ha and increased from 6.7 to 6.9 m2/ha.     
 
Change in shrub layer structure  
 
Time since fire had a significant effect on shrub layer cover and density (Figure 8).  Cover was 
lowest in the growing season immediately after fire, averaging only 1.2 %.  It remained below 15 
% until the fourth growing season, when it reached about 80 %.  Density was also lowest in the 
first growing season after fire, averaging 600 stems/ha.  It increased to 10,000 stems/ha the 
following season, dropped to 2,300 stems thethird season and increased back to 10,000 stems. 
 
Temporal change in densities of oak, non-oak and shrub functional groups varied with cover type 
and with initial burn treatments (Table 2).  In the black oak cover type, all groups had greater 
densities in initially unburned transects in 1986-88.  This pattern did not change over time, as 



densities increased in both initially burned and unburned transects.  Black cherry, sassafras, and 
black oak dominated the shrub layer and had the greatest contribution to increases over time in 
the black oak cover type.  In the white oak cover type, oaks had greater densities in initially 
burned transects, while non-oaks and shrubs, primarily winterberry (Ilex verticillata) andblack 
gum, had greater densities in unburned transects.  Over time, oaks tended to decrease in initially 
burned transects, while non-oaks and shrubs, primarily sassafras and American hazelnut 
(Corylus Americana) increased in unburned transects.   Stems of all functional groups increased 
in pin oak stands, which had no unburned transets.  Chokeberry (Aronia melanocarpa) had the 
greatest increase in pin oak stands, and was followed by winterberry, white oak, pin oak, and 
sassafras. 
The changes in functional groups also affected their relative abundance (Figure 9).  In black and 
white oak cover types, functional groups were stable over time in transects that were initially 
unburned.  However, in stands burned prior to 1986, the patterns changed over time, with oaks 
becoming more abundant in black oak stands, and shrubs becoming more abundant in white oak 
stands. In pin oak stands, all of which were burned before sampling, relative dominance in the 
shrub layer shifted as oaks decreased while shrubs and non-oaks increased.  
 
Discussion 
Savanna vegetation organization across an ecological gradient 
Our analysis indicates that slope and elevation, and their effect on drainage, are critical 
environmental factors affecting the landscape distributional of woody vegetation at Tefft 
Savanna.  These factors correspond to habitat preferences of species, with black oak being more 
common on excessively drained sites, while white oak grows poorly on upland sandy soils, and 
pin oak is largely restricted to poorly drained habitats (Burns and Honkala 1990).  The lower 
abundance of white oak may be related to its restriction to transitional sites between black oak 
and pin oak stands as opposed to its optimal site preference which is finer textured soil (Burns 
and Honkala 1990).  The sub-dominance of black gum and red maple with pin oak also 
corresponds to their tolerance for poorly drained conditions, although both grow more poorly 
when drainage is impaired (Burns and Honkala 1990).  Fire tolerance is clearly a factor, as well.  
Lower areas are commonly wet or have standing water when spring fires occur, and therefore 
burn less frequently and less intensely, on average. 
 
The first ordination axis representation of black oak and white oak appears to represent the 
primary woody vegetation gradient present at Tefft Savanna prior to Euro-American settlement.  
Vegetation in the early 1800's appears to have been structured with low densities of small black 
and white oaks.  The second axis could correspond to post-settlement increases in pin oak, black 
gum and red maple at lower elevations where fire is most excluded.  However, the significant 
correlation of slope and elevation with the second axis and presence of  “B. oak” bearing trees in 
wet prairie suggests that pin oak savanna was also an infrequent component of the original 
landscape.  Brewer & Vankant (2004) also reasoned that pin oak was present in at lower 
elevations in pre-settlement oak barrens and wet prairie in northwest Ohio, even though it was 
not recognized as a species by the PLS in 1817-1832.  Nevertheless, pin oak was recorded from 
wetland habitats by three different surveyors between 1821-1834 PLS in southern Cook and Will 
counties in Illinois adjacent to the Indiana (Bowles & McBride 2007).  Pin oak now occurs at 
Tefft above the 214 m elevation of marsh and wet prairie.  With fire suppression, pin oak may 
have developed larger stands from isolated trees, and spread into the least well-drained white oak 



habitat.  Unfortunately, there is no evidence from the PLS of occurrence of black gum and red 
maple, and their origin remains more problematic than that of pin oak.  
 
Effects of initial fire intensity and repeated burning on vegetation structure 
Through comparison of burned and unburned transects, our data suggest that burning at both 
high and low fire intensities can cause immediate reduction of tree canopy cover, as well as 
shrub layer cover or density, in black and white oak sand savanna that has had a history of fire 
exclusion.  Although low intensity fire could not be compared with high intensity fire in the 
black oak cover type, high intensity fire reduced cover in the white oak type.  Our data also 
suggest that repeated burning with low intensity fire, in most circumstances, will not further 
reduce tree canopy cover or basal area.  It is most likely that the persistence of canopy cover 
after initial fire reflects the inability of repeated low intensity fires to impact larger diameter 
canopy oaks over about 30 cm dbh, a common effect in oak forests and savannas (Nielsen et al. 
2003).  Initial fires probably caused an additional reduction of cover by consuming extremely 
heavy woody fuel loads that had accumulated over time, thus eliminating a substantial amount of 
woody cover and preventing further reduction by subsequent burning.   
 
Our data indicate that fire-caused changes in woody shrub layer species and functional groups 
are complex and interact with effects on larger size classes as well as cover type.  Our results 
suggest that initial burning can significantly reduce  shrub-layer  density and cover and may shift 
dominance toward oaks by promoting sprouting after top-killing of larger individuals.  However, 
this structural shift may not be stable over time, as it returned to original conditions in white oak 
stands as a result of  an increase in shrubs, but not in black oak stands.  Also, recovery of original 
cover and density is dependent upon time since fire, largely  occurring within three years.  These 
shifts also may be species dependent among cover types.  For example, the increase in shrubs in 
white oak stands involvedAmericana American hazelnut, which was infrequent in other stand 
types.   
 
Despite the apparent stability of tree canopy cover, repeated burning has altered woody 
vegetation structure by reducing densities of smaller  trees.  However, the 3 fires/decade burning 
rate at Tefft, has not stabilized sapling and shrub layer vegetation nor prevented ingrowth, as 
reported  by Peterson and  Reich (2001) in northern sand sanvanna.  Our data indicate that 4 
fires/decade are needed to stabilize shrub layer cover and density.  The more dynamic temporal 
response of stem density following fire may reflect delayed mortality from fire (A. Haney, pers. 
obs).  However, the significant correlations between shrub layer cover and density suggest that 
these variables respond similarly to fire.  Differences between Tefft and Cedar Creek (Peterson 
and Reich 2001) may result from different oak species, as well as the additional decade of 
burning at Cedar Creek.  Black oak appears to have thicker bark, which would impose greater 
fire resistance that Hill’s oak, and greater fire frequency may be required to control this species.  
Nevertheless, our data indicate that it has less fire resistance that white oak, which fits our 
expectations for comparisons between members of the black and white oak groups.  It is 
unknown whether continued low intensity burning at 3 fires/decade at Tefft will eventually 
reduce shrub layer vegetation.  
 
 
Fire effects clearly differed across an environmental gradient, and may have interacted with fuel 



loadings in a feedback process.  Our data suggest that tree and shrub cover tend to be greater in 
black oak and white oak stands than in pin oak stands, but pin oak stands may be less prone to 
burn .  However, we make this judgment without benefit of a control comparison for pin oak 
stands.  Nevertheless, the impacts of most burns in pin oak stands were reduced by standing 
water or damp fuels.  We agree with Brewer and Vankant (2004) who suggested that fire during 
late-season might have been more effective in pin oak stands.  Tree size also appears to be a 
critical factor in reducing the effectiveness of fire (White 1983), with oaks above 25-30 cm 
becoming fire resistant, a threshold also observed by Loomis (1973).  Continued growth of these 
stems offset to various extents the losses of smaller diameter stems. 
 
Restoring presettlement structure: goals vs realism 
Targeting presettlement vegetation structure as a strict management goal may not be realistic for 
smaller habitat remnants in which many scale-dependent features must compete for survival, nor 
may it represent expected vegetation structure in a changing climate (Pickett et al. 1992).  
However, reference information is needed to establish a context for community restoration 
(Aronson et al. 1995).  Stand structural data from the Tefft PLS represent a coarse-grained but 
critical context for contrasting and comparing the effects of management.  In this case, after 25-
years of fire management, the stand density and basal area in black and white oak stands at Tefft 
remain about four times greater than conditions thought to exist before European settlement.    
 
The inherent stability in these stands with repeated low frequency fire suggests that use of less 
frequent high intensity fire followed by repeated low to moderate intensity maintenance fires 
may be a better management approach to achieve and stabilize desired woody structure in eastern 
sand savannas.  Longer-term treatment and monitoring is needed to test this hypothesis. Frequent 
low to moderate fires with occasional high intensity fires may be more similar to the pre-
settlement fire regime that maintained open savanna communities (Henderson & Long 1984). 
Evidence for periodic intense fire also is suggested by the presence of distinct age-class cohorts 
of trees in sand savannas (Haney and Apfelbaum 1990).  Reaching presettlement conditions, 
especially for the black oak cover type, also may require mechanical thinning (Nielsen et al. 
2003), especially on smaller savanna fragments where implementation of high intensity fire is 
problematic.  The continued presence of woody species associated with more fire-protected 
habitats, such as red maple and black gum, remains problematic and linked with the inability to 
conduct optimum prescribed burns in the pin oak cover type. 
 
Conclusions 
In the absence of fire for even a decade or two, Midwest oak savannas undergo conversion to 
woodlands with an increase in mesic woody species and loss of herbaceous diversity (Anderson 
and Bowles 1999, Bowles and McBride 1998, Bray 1958).  A 50% canopy level has been widely 
used as a general guide for defining the difference between oak woodlands and savannas (Wilcox 
et al. 2005).  A tree density of about 50 trees/ha is often used to interpret differences between 
savanna and woodland using PLS data (Bowles et al. 1994).  After 25 years of repeated burning, 
canopy cover of the black oak and white oak cover types at Tefft has been reduced to about 50 
%, indicating that it is approaching savanna structure.   Nevertheless, tree density remains about 
four times higher than desired , and shrub-layer cover and density also remain quite high.  Our 
results also indicate that black oak stem densities are somewhat higher than those of white oak, 
an unexpected result given the drier site  conditions occupied by black oak.  The current 



management regime, of about 3 fires/decade appears inadequate to restore open sand savanna 
structure unless supplemented by infrequent high intensity fire.  Analysis of time since fire also 
indicates that 4 fires/decade are required to stabilize shrub layer vegetation.  Even greater fire 
frequencies may be needed to maintain diversity of groundlayer vegetation.  In dry sand savanna 
in Minnesota, vascular plant species richness peaked on sites burned about every two years 
(Faber-Langendoen and Davis 1995). White (1983) reported increased herbaceous diversity in 
northern pin oak savanna burned every year for 13 years.  Increasing fire to these frequencies 
will require a tradeoff with management for birds and insects unless unburned refugium habitats 
are maintained (Swengel and Swengel 2006).  
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Table 1. Species level (> 5 cm dbh) and cover type changes in basal area  (m2/ha) and stem 
density/ha by cover type.  
 
 Cover type 
 Black oak  White oak  Pin oak  
Species 1996 2006 1996 2006 1996 2006
Quercus velutina 10.55 13.23 2.22 2.44 3.99 2.16
Quercus palustris 1.39 2.08 2.64 0.41 3.22 3.69
Quercus alba 0.70 0.92 3.17 4.95 0.18 0.00
Nyssa sylvatica 0.11 0.40 0.01 0.58 0.11 1.33
Prunus serotina 0.04 0.23 0.88 0.99 0.00 0.14
Sassafras albidum 0.39 0.07 0.68 1.02  
Acer rubrum   0.00 0.78 0.03 0.08
Populus grandidentata   0.10 0.00  
Total BA > 5 cm dbh 13.18 16.93 0.00 0.00 7.54 7.40
       
Density/ha > 5 cm dbh 508.70 300.00 657.14 266.67 230.00 150.00
 
BA > 15 cm dbh 11.27 16.23 6.72 10.46 6.68 6.94
       
Density/ha > 15 cm dbh 230.43 195.65 142.86 157.14 90.00 90.00
       
 
 



 Table 2. Stem densities/ha for shrub layer groups arranged by stand cover type.   
 UB indicates transects were unburned prior to initial sampling. B indicates transects  
 were burned prior to initial sampling. 
 
 Black oak stands     
 Treatment Oaks/ha NonOaks/ha Shrubs/ha Total/ha  
 UB-86  440  1047  880.000 2367  
 B-86  250  500  25.000  775  
 UB-06  1454  4001  2025.000 7480  
 B-06  4475  1575  1875.000 7925  
       
 White oak stands     
 Treatment Oaks/ha NonOaks/ha shrubs/ha Total/ha  
 UB-86  680  2300  3120.000 6100  
 B-86  1801  1291  326.000 3418  
 UB-06  960  2180  3060.000 6200  
 B-06  680  2087  6888.000 9655  
       
 Pin oak stands     
 Treatment Oaks/ha NonOaks/ha shrubs/ha Total/ha  
 B-86  800  740  80  1620  
 B-06  1100  2000  1120  4220  
 



Appendix I. Mean (+std. err.) percent cover of canopy tree species by initial burn treatment and cover type.  UB = unburned, B = burned. 
           
           
  Quercus Quercus Quercus Populus Nyssa  Acer Prunus Sassafras   
  velutina alba palustris granditentata sylvatica rubrum serotina albidum Total 
Black oak cover type          
1986-88 UB mean 74.75 1.57 0.00 0.00 0.45 0.00 5.11 6.84 88.72 
 st.err. 4.23 0.81 0.00 0.00 0.45 0.00 2.56 3.13 7.22 
1986-88 B Mean 38.70 0.00 0.00 0.00 0.00 0.00 0.00 0.08 38.78 
 st.err. 12.75 0.00 0.00 0.00 0.00 0.00 0.00 0.08 12.78 
2006 UB mean 61.26 6.67 0.00 0.00 2.64 2.53 0.75 0.07 73.91 
 st.err. 8.34 4.62 0.00 0.00 1.92 1.54 0.75 0.07 9.38 
2006 B mean 22.65 2.40 2.70 0.00 3.05 0.00 1.33 0.00 32.13 
 st.err. 9.17 2.40 2.70 0.00 3.05 0.00 1.33 0.00 9.43 
           
White oak cover type          
1986-88 UB mean 24.96 44.32 9.12 1.34 1.90 0.98 4.58 10.20 97.40 
 st.err. 7.00 5.67 3.79 0.94 1.35 0.98 1.70 4.50 6.79 
1986-88 B mean 5.49 18.55 13.24 0.98 2.87 0.00 0.00 0.71 41.84 
 st.err. 2.24 6.48 5.99 0.98 1.73 0.00 0.00 0.71 14.24 
2006 UB mean 30.08 31.50 3.14 0.00 3.90 7.82 2.28 0.02 78.74 
 st.err. 7.80 7.33 1.87 0.00 1.76 4.78 1.73 0.02 9.42 
2006 B mean 4.24 11.22 7.35 1.29 4.24 0.85 0.00 0.49 29.67 
 st.err. 2.18 4.85 3.80 0.90 2.82 0.85 0.00 0.49 11.14 
           
Pin oak cover type          
1986-88 B mean 1.68 1.00 27.22 0.86 8.06 0.92 0.00 1.26 41.00 
 st.err. 0.82 0.52 8.90 0.63 3.97 0.78 0.00 1.26 12.38 
2006 B mean 2.66 4.70 16.12 0.00 8.58 0.74 0.00 0.00 32.80 
 st.err. 1.78 2.49 7.27 0.00 5.15 0.74 0.00 0.00 8.77 
 



 
                    
Appendix II. Mean (+ std.err.) percent cover of shrub layer species by iniital burn treatment and cover type.  UB = unburned, B = burned.          
                    
Black oak cover type Acer Aronia Ceanothus Cornus Ilex Lonicera Nyssa Populus Populus Prunus Prunus Quercus Quercus Rhus Rhus Rubus Rubus Sas
  rubrum melano. americ. racem. verti. tatarica sylvatica grand. trem. serotina virgin. alba velutina copall. radicans allegh. occid. alb
                    
1986-88 UB Mean 0.11 0.00 2.32 0.00 6.51 0.00 2.40 0.15 0.00 1.91 0.00 0.51 5.83 0.29 1.72 0.00 0.00 2
 st.err. 0.11 0.00 1.44 0.00 2.21 0.00 1.70 0.15 0.00 0.80 0.00 0.39 2.51 0.21 1.12 0.00 0.00 1
1986-88 B mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.58 0.68 0.00 1.30 11.73 0.00 0.30 0.15 0.00 0
 st.err. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.58 0.68 0.00 0.73 10.69 0.00 0.30 0.15 0.00 0
2006 UB mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.58 0.68 0.00 1.30 11.73 0.00 0.30 0.15 0.00 0
 st.err. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.58 0.68 0.00 0.73 10.69 0.00 0.30 0.15 0.00 0
2006 B mean 0.00 0.68 0.00 2.32 5.09 0.33 0.00 7.80 1.84 5.41 0.07 0.51 4.19 0.35 0.05 0.71 0.35 2
 st.err. 0.00 0.68 0.00 1.44 1.93 0.27 0.00 3.85 1.42 1.88 0.07 0.39 1.63 0.26 0.05 0.52 0.24 1

                    
White oak cover type Acer Aronia Corylus Cornus Eleagnus Gaylussacia Ilex  Lonicera Nyssa Populus Populus Prunus Quercus Quercus Quercus Rhus Rhus Sas
  rubrum melano. americ. racem. umbell. bacatta verticellata tatarica sylvatica grand. trem. serotina alba palustris   Velutina copllina radicans alb
                   
1986-88 UB mean 0.38 0.00 6.50 0.46 6.00 0.14 2.54 0.52 4.16 0.00 0.00 8.66 2.64 2.94 0.96 0.04 1.48 3
 st.err. 0.38 0.00 4.29 0.46 4.38 0.14 1.72 0.52 2.36 0.00 0.00 3.95 1.29 1.67 0.66 0.04 1.02 2
1986-88 B mean 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.31 0.75 0.00 0.29 1.35 0.44 0.18 0.00 0.44 0
 st.err. 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.97 0.75 0.00 0.19 1.35 0.44 0.12 0.00 0.44 0
2006 UB mean 0.06 0.92 0.98 0.00 0.26 0.00 3.20 0.64 1.26 0.00 0.56 0.86 0.34 0.10 0.58 0.10 0.20 4
 st.err. 0.06 0.92 0.98 0.00 0.26 0.00 2.28 0.43 1.17 0.00 0.39 0.45 0.34 0.07 0.45 0.10 0.16 3
2006 B mean 0.00 2.95 0.00 0.00 0.00 0.00 0.00 1.45 0.53 0.00 0.00 0.29 0.18 0.00 0.00 0.13 0.00 0
 st.err. 0.00 2.04 0.00 0.00 0.00 0.00 0.00 1.42 0.38 0.00 0.00 0.00 0.18 0.00 0.00 0.09 0.00 0

                    
Pin oak cover type Aronia Ilex  Nyssa Quercus Quercus Quercus Acer  Sassafras           
  melano. verticellata sylvatica alba palustris velutina rubrum albidum Total         
                   
1986-88 B Mean 1.08 0.00 7.28 1.24 1.24 0.24 0.00 0.94 12.02         
 st.err. 9.16 0.00 37.01 8.71 11.75 2.40 0.00 9.40 49.92          
2006 B Mean 2.52 1.78 1.12 2.40 2.56 0.26 1.34 0.00 11.98          
 st.err. 16.97 17.80 10.14 24.00 17.44 2.60 13.40 0.00 67.48          

 



 
Appendix III. Mean (+ std.err.) density/ha of shrub layer species by iniital burn treatment and cover type.  UB = unburned, B = burned.            

                        

Black oak cover type Aronia Cornus Ilex Lonicera Prunus Prunus Nyssa Rhus Rubus Rubus Populus Quercus Quercus Quercus Acer Salix Sass. Vitis     

  melano. racem. verti. tatarica serotina virgin. sylvatica copall. occid. allegh. grand. alba palustris velutina rubrum spp. albidum spp. Total    

                        

1986-88 UB mean 0.00 53.33 786.67 0.00 286.67 0.00 240.00 40.00 0.00 0.00 0.00 53.33 0.00 386.67 0.00 0.00 506.67 0.00 2366.67    

 st.err. 0.00 31.56 657.01 0.00 96.93 0.00 179.38 29.90 0.00 0.00 0.00 31.56 0.00 135.06 0.00 0.00 201.39 0.00 690.16    

1986-88 B mean 25.00 0.00 0.00 0.00 75.00 0.00 0.00 0.00 0.00 0.00 50.00 75.00 0.00 175.00 0.00 0.00 0.00 0.00 400.00    

 st.err. 25.00 0.00 0.00 0.00 75.00 0.00 0.00 0.00 0.00 0.00 50.00 36.60 0.00 103.08 0.00 0.00 0.00 0.00 119.52    

2006 UB mean 0.00 173.33 0.00 0.00 1146.67 0.00 106.67 200.00 0.00 0.00 0.00 106.67 0.00 1306.67 0.00 0.00 506.67 0.00 2366.67    

 st.err. 0.00 84.65 0.00 0.00 444.09 0.00 110.41 139.54 0.00 0.00 0.00 96.53 0.00 622.80 0.00 0.00 201.39 0.00 690.16    

2006 B mean 0.00 0.00 0.00 0.00 875.00 400.00 25.00 1175.00 0.00 150.00 0.00 2575.00 125.00 1775.00 0.00 150.00 675.00 0.00 7925.00    

 st.err. 0.00 0.00 0.00 0.00 403.44 400.00 25.00 790.51 0.00 105.22 0.00 1031.25 0.00 710.57 0.00 150.00 316.09 0.00 2236.69    

                        

White oak cover type Acer Aronia Corylus Cornus Gayluss. Ilex Lonicera Prunus Nyssa Rhus Rubus Rubus Rhus Populus Populus Quercus Quercus Quercus Sass. Vitis Salix  

  rubrum melano. americ. racem. bacatta verti. tatarica serotina sylvatica copall. occid. allegh. radicans grand. tremul. alba palustris velutina albidum spp. spp. Total 

                        

1986-88 UB mean 20.00 60.00 580.00 80.00 0.00 2280.00 0.00 500.00 1040.00 20.00 0.00 0.00 20.00 0.00 0.00 360.00 200.00 120.00 720.00 80.00 20.00 6100.00 

 st.err. 20.00 60.00 345.70 80.00 0.00 1438.89 0.00 231.42 509.29 20.00 0.00 0.00 20.00 0.00 0.00 145.45 111.55 67.99 292.42 61.10 20.00 1595.34 

1986-88 B mean 163.64 90.91 0.00 0.00 0.00 72.73 0.00 200.00 490.91 0.00 0.00 0.00 0.00 18.18 490.91 854.55 54.55 890.91 90.91 0.00 0.00 3418.18 

 st.err. 96.55 90.91 0.00 0.00 0.00 72.73 0.00 126.49 414.61 0.00 0.00 0.00 0.00 18.18 342.57 489.22 39.00 379.82 73.18 0.00 0.00 918.68 

2006 UB mean 60.00 940.00 1440.00 0.00 0.00 0.00 60.00 300.00 80.00 140.00 260.00 120.00 20.00 0.00 0.00 800.00 0.00 160.00 1800.00 20.00 0.00 6200.00 

 st.err. 42.69 917.99 883.33 0.00 0.00 0.00 60.00 152.75 80.00 94.52 179.01 80.00 20.00 0.00 0.00 572.71 0.00 102.42 886.44 20.00 0.00 1856.88 

2006 B mean 0.00 5163.64 0.00 0.00 181.82 836.36 0.00 272.73 109.09 163.64 0.00 0.00 0.00 945.45 0.00 727.27 145.45 727.27 290.91 0.00 90.91 9654.55 

 st.err. 0.00 3778.77 0.00 0.00 181.82 836.36 0.00 235.52 62.46 128.82 0.00 0.00 0.00 945.45 0.00 494.53 126.75 416.28 290.91 0.00 90.91 5419.03 

                        

Pin oak cover type Acer Aronia Ilex Nyssa Populus Prunus Lonicera Quercus Quercus Quercus Salix Sass.           

  rubrum melano. verti. sylvatica tremul. serotina tatarica alba palustris velutina spp. albidum Total          

                        

1986-88 B mean 60.00 20.00 0.00 480.00 20.00 160.00 220.00 20.00 560.00 20.00 40.00 20.00 1620.00          

 st.err. 134.99 63.25 0.00 989.72 63.25 386.44 345.77 63.25 1146.20 63.25 84.33 63.25 1620.56          

2006 B mean 100.00 1820.00 700.00 160.00 0.00 0.00 560.00 340.00 200.00 0.00 0.00 340.00 4220.00          

 st.err. 253.86 4254.62 2213.59 337.31 0.00 0.00 1184.34 874.58 498.89 0.00 0.00 1075.17 7852.78          

 



 
Figure 1. Location of Jasper-Pulaski Fish & Wildlife Area (J-P FWA) within 
Eastern Sand Savanna (Will-Wolf & Stearns 1999) in northwest Indiana.   



 
 
 
Figure 2. Location the Tefft Savanna Nature Preserve and Management Blocks on the San Pierre, 
Indiana USGS Quadrangle, Map.   
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Figure 3.  Bray-Curtis ordination (upper) and Ward’s Cluster Analysis (lower) of Tefft Savanna 
woody vegetation.  Ordination: cumulative r2 between ordination distances and original 
distances = 0.38 (Axis I), 0.548 (Axis II).  Cluster analysis: 9.09 % chaining.  Angle and length of 
joint plot vectors indicate strength of relationship with ordination axes.  
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Figure 4. Temporal change in tree cover, shrub cover and shrub layer stem density in the black oak cover type in relation to initial fire 
intensity and repeated burning.  Fire intensity = intensity of fire treatment occurring before initial sampling in 1986-88.  Year indicates 
condition of vegetation after treatment in 1986-88, and in 2006 after repeated fire.  Tree cover: T-test (1986) t = -2.8078, P = 
0.01123; Repeated ANOVA (Year) F = 2.32, P =  0.1440; (Intensity x Year), F = 0.26,P = 0.6141.  Shrub cover: T-test (1986) t = -
1.1418, P = 0.2677; Repeated ANOVA (Year) F = 0.11, P = 0.742977; (Intensity x Fire) F = 1.85, P = 0.1898. Shrub density: T-test 
(1988) t =  -1.8934, P = 0.0736; Repeated ANOVA (Year) F = 29.42, P < 0.0001; (Intensity x Year) F = 1.19, P = 0.2898. 
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Figure 5. Temporal change in tree cover, shrub cover and shrub layer stem density in the white oak cover type in relation to initial fire 
intensity.  Fire intensity = intensity of fire treatment occurring before initial sampling in 1986-88.  Year indicates condition of 
vegetation after treatment in 1986-88, and in 2006 after repeated fire.  Tree cover: One-way ANOVA (1986) F = 17.95, P < 0.0001; 
Repeated ANOVA (Year) F = 8.61, P = 0.0089; (Intensity x Year) F = 4.04, P = 0.0355. Shrub cover: One-way ANOVA (1986) F 
=9.50, P = 0.0015; Repeated ANOVA (Year) F = 4.18, P = 0.0559; (Intensity x Year) F = 2.42, P = 0.11745.  Shrub density: One-way 
ANOVA (1986) F = 3.51, P = 0.0516; Repeated ANOVA (Year) F = 5.97, P = 0.0250; (Intensity x Year) F = 15.40, P = 0.0001. 
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Figure 6. Temporal change in tree cover, shrub cover and shrub layer stem density in the pin oak cover type 
in relation to initial fire intensity.  Fire intensity = intensity of fire treatment occurring before initial sampling in 1986-88.  Year indicates 
condition of vegetation after treatment in 1986-88, and in 2006 after repeated fire.  Tree cover: T-test (1986) t =  -0.5738, P = 0.5738; 
Repeated ANOVA (Year) = 0.53, P = 0.4841; (Intensity x Year) F = 1.70, P = 0.2249. Shrub cover T-test (1986) t = -1.2104, P = 
0.2570; Repeated ANOVA (Year) F = 0.22, P = 0.6491; (Intensity x Year) F = 0.98,  P - 0.3470. Shrub density: T-test (1986) t = -
0.0193, P = 0.9850; Repeated ANOVA (Year) F = 3.08, P = 0.1129; (Intensity x Year) F = 19.69, P = 0.0016.  
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White Oak Size Class Distribution
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Pin Oak Size Class Distribution
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Figure 8.  Temporal change in size class distribution of black oak, white oak, and pin oak. 
Left panels:  size classes > 5 cm for black oak and white oak.  Right panels: size classes < 5cm. 
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Figure 8.  Effects of time since fire on shrub layer cover and density.  
Years: 0 = first growing season following fire., 1 = second growing 
season following fire, 2 = third growing season following fire, 3 = fourth 
growing season following fire.  Cover: One-way ANOVA F = 15.17, P < 
0.0001; Tukey-Kramer test, group 3 different from groups 0, 1, & 2. 
Density: One-way ANOVA F = 12.05, P < 0.0001. Tukey-Kramer test, 
group 0 different from groups 1 & 3.  
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Change in White Oak Shrub Layer
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Change in Pin Oak Shrub Layer
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Figure 9.  Temporal change in proportional abundance of oaks, non oak tree species, and shrubs in 
the shrub layers of black oak, white oak and pin oak cover types.  B-86 = burned before initial 
sampling in 1986-88, UB-86 = unburned before initial sampling in 1986-88.  B-06 = condition of 
stands in 2006 that were burned before initial sampling.  UB-06 = condition of stands in 2006 that 
were burned before initial sampling.  All stands were burned between 1986-88 and 2006.   
 
 



 



 



 



 



 



 



 



 



 



 



 












