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Abstract

Sand shinnery oak (Quercus havardii Rydb.) communities are
shrublands extending from northern Texas and western
Oklahoma southward into the Chihuahuan Desert. They are
dominated by sand shinnery oak, a member of the white oak
group. Structure and composition of sand shinnery oak commu-
nities in relation to natural disturbances, such as fire, have not
been adequately investigated. The objectives of this study were to
determine the influence of fire on shrub composition and vegeta-
tion structure of sand shinnery oak communities, and to deter-
mine the persistence of structural and compositional changes.
Data were collected on Black Kettle National Grassland (BKNG)
in western Oklahoma during the growing seasons of 1998 and
1999. Vegetation measurements included line transects, visual
obstructions, heights, cone of vulnerabilities, shrub patch sizes,
and shrub patch densities were used to estimate functional group
canopy cover, shrub composition, and structure of sand shinnery
oak communities. One growing season after fire, burned sand
shinnery oak communities had significantly less shrub cover (P <
0.01) than unburned communities (38 vs. 51%). Height of vegeta-
tion was lower 1 and 2 growing seasons after fire (26 and 35 cm,
respectively) (P < 0.05) than unburned communities (44 cm).
Visual obstruction was lower the first (30%) and second (40%)
year after fire (P < 0.01) compared to unburned communities
(59%). Cone of vulnerability indicated significantly more open
structure one growing season after fire. After 4 growing seasons,
all measures of structure in burned communities were similar to
those in unburned communities. We found no differences in com-
position of shrub species between burned and unburned sites (P
= 0.55). Two fire events, 2 growing seasons apart, had less influ-
ence on vegetation structure than the initial fire. Sand shinnery
oak communities appear to be highly resilient to periodic distur-
bance by fire. Prescribed fire is an effective tool for short-term
alteration (< 3 growing seasons) of sand shinnery oak structure;
however, rapid recovery following fire does not indicate any
long-term changes in vegetation structure and composition.

Key Words: lesser prairie-chicken, northern bobwhite, prairie,
shrubland, succession, stability, vegetation structure, woody
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Resumen

Las comunidades de “Sand shinnery oak” (Quercus havardii
Rydb.) son matorrales que se extienden desde el norte de Texas y
oeste de Oklahoma hacia el sur del desierto Chihuahense. Ellas
estan dominados por “Sand shinnery oak”, un miembro del
grupo de los encinos blancos. La estructura y composicion de las
comunidades de “Sand shinnery oak” en relacion a los disturbios
naturales, tales como el fuego, no han sido investigados ade-
cuadamente. Los objetivos de este estudio fueron determinar la
influencia del fuego en la composicién de los arbustos y la estruc-
tura de la vegetacién de las comunidades de “Sand shinnery
oak” y determinar la persistencia de los cambios estructurales y
composicionales. Los datos se colectaron en el Pastizal Nacional
de Black Kettle (BKNG), situado en el oeste de Oklahoma,
durante las estaciones de crecimiento de 1998 y 1999. Las
mediciones de vegetacion incluyeron el transecto de linea,
obstrucciones visuales, alturas, vulnerabilidad de conos, tamafio
del parche de los arbustos y densidades de parches de arbustos,
los cuales se usaron para estimar la cobertura de copa de los gru-
pos funcionales, la composicion de arbustos y la estructura de las
comunidades de “Sand shinnery oak ‘. Una estacién de crec-
imiento después de que el fuego quemé las comunidades de
“Sand shinnery oak” estas tenian una cobertura de arbustos sig-
nificativamente menor (P < 0.01) que las comunidades no que-
madas (38 vs. 51%). La altura de la vegetacién de las comu-
nidades quemadas fue menor una y dos estaciones de crecimien-
to después del fuego (26 and 35 cm, respectivamente) (P < 0.05)
que la altura de las comunidades no quemadas (44 cm). La
obstruccion visual fue menor en el primer (30%) y segundo
(40%) aiios después del fuego (P < 0.01) comparado con las
comunidades sin quemar (59%). Un afio después del fuego, la
vulnerabilidad del cono indicé una estructura significativamente
mas abierta. Después de 4 estaciones de crecimiento, todas las
medidas de la estructura de las comunidades quemadas fueron
similares a las de las comunidades sin quemar. No encontramos
diferencias en la composicién de especies de arbustos entre los
sitios quemados y sin quemar (P = 0.55). Dos eventos de fuego,
en dos estaciones de crecimiento separadas, tuvieron menos
influencia en la estructura de la vegetacién que el fuego inicial.
Las comunidades de “Sand shinnery oak” parecen ser altamente
flexibles a disturbios periédicos por fuego. El fuego prescrito es
una herramienta efectiva para una alteracion de corto plazo (< 3
estaciones de crecimiento) de la estructura del “Sand shinnery
oak”, sin embargo, la rapida recuperacién después del fuego no
indica algiin cambio a largo plazo en la estructura y composicién
de la vegetacién.
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Sand shinnery oak (Quercus havardii
Rydb.) communities occupy 2 to 3 million
ha extending from northern Texas and
western Oklahoma southward into the
Chihuahuan Desert. Historical accounts of
sand shinnery oak rangelands in western
Oklahoma document a dense growth of
dwarf vegetation about 45 cm high which
seemed to have attained full maturity
(Marcy 1854). It has been suggested that
sand shinnery oak communities were once
dominated by tallgrasses, but the increase
of livestock grazing and the decrease in
fire has allowed sand shinnery oak to gain
dominance and reduce the cover of tall-
grasses (Hodson et al. 1980, Conner et al.
1974). Based on this assumption, many
land managers have attempted to control
sand shinnery oak with herbicides to
improve forage quantity for livestock,
resulting in fragmented sand shinnery oak
communities (Bailey and Painter 1994,
Dhillion et al. 1994, Peterson and Boyd
1998). Control efforts with herbicide may
stem from early classifications of sand
shinnery oak as an invader by the Natural
Resource Conservation Service (NRCS)
(Conner et al. 1974, Hodson et al. 1980,
Peterson and Boyd 1998). Lack of docu-
mented reproduction by seed and recon-
struction of composition in the pollen
record characterizing a stable existence for
hundreds of years question the invasive
classification of this species (Gross and
Dick-Peddie 1979, Peterson and Boyd
1998).

Fire is critical to conservation on much
of the Great Plains (Axelrod 1985), how-
ever its importance is not well understood
for sand shinnery oak communities. It is
surmised that alterations in fire and graz-
ing regimes since European settlement
may have increased density, cover, and
altered spatial arrangement of sand shin-
nery oak communities. However, some
reports suggest that shrub abundance is
not drastically altered by natural distur-
bances such as fire (MclIlvain and
Armstrong 1966, Boyd 1999) suggesting
that sand shinnery oak communities are
resilient. Therefore, our objectives were to
evaluate sites within sand shinnery oak
communities with varying fire histories to
1) quantify structural and compositional
influences of fire, 2) determine the rate of
recovery following single fire events, and
3) determine the interactive effects of time
since fire and the number of recent fires
on vegetation structure.
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Study Area and Methods

Our study sites were selected in sand
shinnery oak communities on the Black
Kettle National Grassland (BKNG) in
Roger Mills County, Oklahoma (35° 37'N
100° 40'W). The climate of the region is
semiarid, with mean August and January
temperatures of 28.0°C and 2.7°C, respec-
tively (Burgess et al. 1963, Dhillion and
Mills 1999). The area has an average
growing season of 209 days, with a mean
rainfall of 65 cm (Burgess et al. 1963).
Precipitation is highly variable with a
bimodal distribution of rainfall with peaks
in May-June and August-September.
Topography of the area consists of rolling
hills, with variable altitudes ranging from
518 to 793 m above sea level.

Sites were located on sand shinnery oak
communities within deep sand savannah
and sandy prairie range sites (Burgess et
al. 1963). Sand shinnery oak dominates
these sites with sand sage (Artemisia filifo-
lia Torr.) a subdominant (Peterson and
Boyd 1998). Common grasses include
sand bluestem (Andropogon gerardii var.
paucipilus Nash), little bluestem
(Schizachyrium scoparium Nash), and
sideoats grama (Bouteloua curtipendula
Torr.). Nomenclature follows Hatch et al.
(1990). Preliminary data analysis indicated
that both ecological sites were similar in
vegetation structure, composition, and
response to fire indicating that they may
have been misclassified; thus, further
analyses combined both ecological sites
into a single ecological type. All sites
sampled were grazed by cattle at light to
moderate rates (ca. 1.5 haAUM™") relative
to NRCS recommendations.

Sites sampled varied with time since fire
and number of fires including single event
fires that occurred 1 (n =4), 2 (n = 4) and
4 (n = 2) growing seasons prior to sam-
pling, 2 event fires that occurred 1, 3 (n =
2) and 2, 4 (n = 2) growing seasons prior
to sampling, and unburned sites (n = 4).
All prescribed fires were conducted during
the spring (February—May). Each experi-
mental unit (Black Kettle National
Grassland Unit, 30 — 130 ha) was sampled
once during the late growing season of
1998 or 1999. Four, 100-m line transects
per unit (18 units X 4 transects = 72 line
transects) were used to measure canopy
cover of plant functional groups at a 10-
cm interval (Bonham 1989). This sam-
pling resolution was used so that small-
scale changes in structure that may be
important to some wildlife species such as
northern bobwhite (Colinus virginianus L.)

and lesser prairie-chicken (Tympanuchus
pallidicinctus Ridgeway) could be detect-
ed. Canopy cover of functional groups
(shrubs, herbaceous vegetation, and litter)
was sampled along each line. Shrub cover
was measured as an absolute value along
the transect, with all other functional
groups recorded only in the absence of
shrub cover. Shrub patch number (# / 100
m) and average size of shrub patches (cm)
were determined from the line transect
data by summing the number of distinct
shrub patches and averaging their linear
lengths. A distinct shrub patch along the
transect could be as small as 10 cm and
was defined as continuous shrub cover
along the line without a canopy break
greater than 10 cm. Frequency of each
shrub species was determined by dividing
number of occurrences of a shrub patch
for a given species by the total number of
shrub patches for each transect.

Measurements of vegetation height were
taken at a point every 1 m along the tran-
sect. We estimated visual obstruction
every 10 m along the transect using a pro-
file board as described by Nudds (1977)
and modified for sand shinnery oak com-
munities by Guthery et al. (1981). The
6.8-cm wide profile board had 12 strata,
each stratum being 10 cm tall. Estimates
were taken perpendicular to the line tran-
sect at a distance of 7 m, with the observer
kneeling at a height of 1.5 m over the tran-
sect. Percent visual obstruction was esti-
mated for each stratum. We measured
cone of vulnerability (Kopp et al. 1998)
every 10 m along the transects. The cone
of vulnerability is a 3-dimensional view of
visual obstruction and has been identified
as a measure that quantifies habitat struc-
ture important for northern bobwhites
(Kopp et al. 1998). A larger cone of vul-
nerability equates to a structurally more
open habitat. We measured cone of vul-
nerability by recording 8 angles around a
point 10 cm above ground level to the top
of the nearest obstructing vegetation. We
then calculated the volume of the air space
included within the cone formed by the
angles (Kopp et al. 1998).

We used a completely randomized
design to evaluate the effects of fire and
recovery time from fire on vegetation
structure in sand shinnery oak communi-
ties. Sites in which single event fires
occurred, including sites burned 1, 2, and
4 growing seasons prior to sampling and
unburned sites were considered treat-
ments. Statistical differences in time since
fire for percent cover (shrub, herb, and lit-
ter), vegetation height, average visual
obstruction, cone of vulnerability, shrub
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patch size, and shrub patch number were
assessed using one-way analysis of variance
(PROC MIXED, SAS Institute Inc. 1988).
The mixed procedure with Satterthwaith’s
approximation for degrees of freedom was
used. Differences between means at varying
time since fire were determined using least
square means (P < 0.05). We used multi-
variate analysis of variance methods
(MANOVA, Wilk’s Lambda statistic) to
test for differences in shrub species compo-
sition among treatments (Stroup and
Stubbendieck 1983).

We used a 2 X 2 factorial arrangement
of treatments employing paired factors of
time since fire and number of times
burned (PROC MIXED, SAS Institute Inc.
1988) to determine the interactive effects
of time since fire and the number of recent
fires on structure within sand shinnery oak
communities. Sites that were included in
the analysis consisted of single event fires,
1 and 2 growing seasons prior to sampling
and 2 event fires, 1, 3 and 2, 4 growing
seasons prior to sampling. This analysis
focused on the interaction between the
main effects of time since fire and number
of times burned.

We employed repeated measures using
MANOVA (PROC GLM, SAS Institute
Inc. 1988) to analyze the interaction
between treatment and strata for visual
obstruction along our density board.
Visual obstruction of each stratum was not
an independent observation, but was
dependent on the visual obstruction of
other strata, hence strata were repeated
measures in this analysis. All possible
time since fire combinations (treatments)
were used to test for significant interac-
tions with strata in the analysis of visual
obstruction.

Results

Fire effects and rate of recovery
Sand shinnery oak was the dominant
cover on all sites (Table 1). Other shrubs
that occurred included sandsage,
skunkbush (Rhus aromatica Ait.), sand
plum (Prunus spp. L.), soapweed yucca
(Yucca glauca Nutt.), netleaf hackberry
(Celtis reticulata Torr.), leadplant
(Amorpha canescens Nutt.), honey
mesquite (Prosopis glandulosa Torr.), and
catclaw mimosa (Mimosa biuncifera
Benth.). We found no differences (P =
0.55) in composition of shrub species
between burned and unburned sites.
Analysis for differences among time
since fire (1, 2, 4 growing seasons since
fire and unburned) indicated differences (P

Table 1. Frequency of occurrence (%) and standard error (SE) of shrub species in sand shinnery
oak communities of Black Kettle National Grassland, Okla. following prescribed fire, 1998-1999.

Time since fire (growing seasons)

Shrub species 1 2 4 Unburned
n=4 n=4 n=2 n=4
----------------------- (o) -----mcmmmmmmmeem e

Sand Shinnery-Oak 94 (1.3)! 98 (0.79) 96 (0.08) 96 (1.14)
(Quercus havardii)

sandsage 9.4 (3.3) 4.5 (1.08) 7.9 (1.73) 8.0 (2.16)
(Artemisia filifolia)

skunkbush 2.6 (1.88) 2.1(0.84) 0.40 (0.40) 2.0 (1.40)
(Rhus aromatica)

sand plum 1.1(0.91) 0.92 (0.66) 0.27 (0.27) 1.66 (1.58)
(Prunus spp.)

soapweed yucca 0.41 (0.08) 0.12 (0.12) 0.40 (0.40) 0.82 (0.40)
(Yucca glauca)

netleaf hackberry 0 (0) 0(0) 0.40 (0.40) 0.07 (0.07)
(Celtis reticulata)

leadplant 0(0) 1.83 (1.83) 0(0) 0.42 (0.42
(Amorpha canescens)

catclaw mimosa 0.25 (0.25) 0(0) 0 (0) 0.07 (0.07)
(Mimosa biuncifera)

honey mesquite 0.06 (0.06) 0(0) 0 (0) 0(0)

(Prosopis glandulosa)

!Standard error.

< 0.01) for all 3 cover types (shrub, herb,
litter) (Table 2). Shrub cover decreased the
first growing season after fire (P < 0.01),
yet was comparable to that of unburned
sites by 2 growing seasons (P = 0.26) and
4 growing seasons (P = 0.33) after a fire.
Litter cover decreased the first growing
season (P < 0.01) and second growing sea-
son (P < 0.01) following burning, but was
similar to unburned sites after four grow-
ing seasons (P = 0.09). Herbaceous cover
was higher on sites burned 1 growing sea-
son (P < 0.01) and 2 growing seasons prior
(P = 0.05) than on unburned sites, but was
similar to unburned areas 4 growing sea-
sons after a single fire (P = 0.07).
Measures of structure (height, cone of
vulnerability, shrub patch number, shrub
patch size, and visual obstruction) in sand

shinnery oak communities indicated that
fire changed structure (P < 0.05), but the
effect was short lived (< 4 growing sea-
sons) (Table 2). Average height of vegeta-
tion differed among time since fire treat-
ments (P < 0.01). Fire decreased vegeta-
tion height for 1 growing season (P <
0.01) and 2 growing seasons (P = 0.04)
post burn, but vegetation height after 4
growing seasons did not differ from
unburned sites (P = 0.82). The cone of
vulnerability increased 1 growing season
after fire (P < 0.01), but was similar to
unburned sites by the second (P = 0.81)
growing season following fire.

One growing season following fire,
shrub patch number averaged 92/100 m,
but was higher 2 growing seasons follow-
ing a fire (P < 0.01) (Table 2). Two

Table 2. The effect of time since fire on structural and compositional responses of sand shinnery
oak communities following prescribed fire at Black Kettle National Grassland, Okla.
(1998-1999). Means in rows sharing the same letters are similar (P > 0.05) by least significant

means test.
Time since fire (growing seasons)

Shrub species 1 2 4 Unburned

n=4 n=4 n=2 n=4
Cone of Vulnerability (m3 x 107 ) 1105a 492b 445b 514b
Height (cm) 26a 35b 42bc 44c
Shrub (%) 38a 56b 56b 51b
Litter (%) 22a 2la 34b 34b
Herb (%) 37a 21bc 7d 14cd
Shrub Patch size (cm) 41a 51ab 62b 52ab
Shrub Patch number (no. /100 m) 92a 110b 93a 103ab
Visual Obstruction (%) 30a 40b 57¢ 59c¢
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growing seasons following fire, shrub
patch number averaged 110/100 m, but
decreased 4 growing seasons after a fire to
93/100 m (P = 0.03). Shrub patch number
in unburned sites averaged 103/100 m,
which was similar to that found in all
burned sites. Shrub patch size was smallest
(41 cm) 1 growing season after fire, and
greatest (62 cm) 4 growing seasons after
fire (P < 0.01) (Table 2).

A single fire lowered visual obstruction
values 1 growing season (P < 0.01) and 2
growing seasons (P < 0.01) post burn, but
visual obstruction after 4 growing seasons
was comparable to unburned sites (P =
0.81). Visual obstruction estimates were
significantly different for the strata by
treatment interaction (P < 0.01) (Fig. 1).
After 4 growing seasons, visual obstruc-
tion of sand shinnery oak communities
was similar to unburned sites for all strata.

Number of fires and time since fire

interaction

We tested the interaction of time since
fire and number of burns to determine the
influence of fire in sand shinnery oak
communities, and main effects (P < 0.05)
were detected for all of the variables ana-
lyzed (Table 3). An interaction between
number of fires and time since fire
occurred for cone of vulnerability (P =

Table 3. The effect of time since fire (TSF) and number of fires (NF) interaction on structural
responses of sand shinnery oak communities following prescribed fire at Black Kettle National
Grassland, Okla. (1998-1999). Significant interactions (P < 0.05) are indicated by TSF X NF,
and significant main effects (P < 0.05) are indicated by TSF, NF.

1 growing season

2 growing seasons

since fire since fire

1 fire 2 fires 1 fire 2 fires Significant

n=4 n=2 n=4 n=2 effect
Cone of Vulnerability (m3 X 10'3) 1105 632 492 198 TSF X NF
Height (cm) 26 36 35 45 TSF, NF
Shrub (%) 38 53 56 71 TSF, NF
Shrub patch size (cm) 41 39 51 77 TSF X NF
Shrub patch number (no./ 100 m) 92 137 110 93 TSF X NF

0.04), shrub patch number (P < 0.01)
(Table 3) and shrub patch size (P < 0.01).
Shrub cover did not have an interaction
(P = 0.95); however, both main effects,
number of fires (P < 0.01) and time since
fire (P < 0.01) were significant. Shrub
cover increased with time since fire and
after more than a single fire (Table 3).
Shrub cover was greater (62%) on sites
burned twice than on those burned only
once (47%). Height did not have an inter-
action (P = 0.92), but increased with time
since fire (P < 0.01) and number of fires
(P < 0.01). Average vegetation height for
sites burned twice was 40.4 cm, while
sites burned once averaged 31 cm. The
cone of vulnerability had a significant

— O~ 1 year since fire

100 .

' - =X - 2 years since fire
- —o— 4 years since fire
2 87 1,3 years since fire
S - =& - 2,4 years since fire
S
% 601 — O~ control
Q
o
® 40l
S «
'2
>
N 207

SO e B
0 1 .L f —+ f t t e‘ — G ;
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

Strata

Fig. 1. Visual obstruction profiles in sand shinnery oak communities following prescribed fire
at Black Kettle National Grassland, Oklahoma 1998-1999. S1-S12 represents increasing
height from ground-level (S1) to 120 cm (S12). Legend indicates the visual obstruction
curves for time since fire treatments (P < 0.05, Wilk’s Lambda statistic).
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interaction (P = 0.04). Cone of vulnerabil-
ity was greater (more open structurally)
following a single fire than after two fires
(P < 0.01). Decrease in the cone of vulner-
ability following 2 fires was more rapid
than after a single fire (Table 3). Patch
number had an interaction (P < 0.01). For
single fires, shrub patch number increased
with increasing time since fire, but
decreased with increasing time since fire
on twice burned sites. Shrub patch size
also had an interaction (P < 0.01). Shrub
patch size increased at a greater rate after
the second fire compared with single event
fires.

Discussion

In the Great Plains, as well as other
rangelands, many changes in vegetation
structure and composition are caused by
altered fire regimes (Hanes 1971, Axelrod
1985). The importance of time since fire
and number of fires on structure of sand
shinnery oak communities was largely
unknown, but rapid resprouting following
fire has been recognized (Mcllvain and
Armstrong 1966, Boyd 1999). Other oak
communities, such as those dominated by
Madrean oak (Quercus emoryi Torr.) in
Mexico have rapidly recovered following
fire (Ffolliott and Bennett 1996).
However, composition and structure of the
chaparral communities in southern
California did not exhibit this rapid recov-
ery from periodic disturbances with
changes lasting as long as 3 decades
(Hanes 1971, Zedler et al. 1983, Riggan et
al. 1988). Our data indicated that fire
influenced structure of sand shinnery oak
communities by reducing the stature, visu-
al obstruction, and canopy coverage of
shrubs. Vegetation structure of sand shin-
nery oak communities was highly
resilient, recovering in 2 — 4 growing sea-
sons after a fire. Shrub species composi-
tion was unaffected by fires. Two fires, 2
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growing seasons apart, had less effect on
vegetation structure than the initial fire.

Response to disturbance of shrubland
and forest communities may be determined
by variable life history traits of dominant
species (Noble and Slayter 1980). Species
utilizing vegetative regrowth after fire
regenerate more rapidly than those that
reproduce primarily by seed (Hobbs et al.
1984). Typically, species that have the
ability to propagate through vegetative
means allocate large amounts of resources
to root systems to survive and resprout fol-
lowing fire damage, while species that
reproduce primarily by seed rely on post-
fire dispersal, germination, seedling
growth, and succession to recover from
disturbances (Hodgkinson 1998). Shrub
communities in which reproduction by
seed plays a large role in recruitment may
therefore be susceptible to long-term
change in composition and structure fol-
lowing disturbance (Tyler 1996).

In contrast, sand shinnery oak repro-
duces almost entirely through vegetative
means with sprouts arising from under-
ground rhizomes, and only produces seed
about 2 of 5 years (Cook 1985, Peterson
and Boyd 1998). Germination and estab-
lishment of sand shinnery oak has not
been reported under field conditions
(Dhillion et al. 1994, Peterson and Boyd
1998). Aboveground biomass of sand
shinnery oak is resilient following fire by
resprouting rapidly from rhizomes
(Mcllvain and Armstrong 1966, Boyd
1999). At a height of 0.3 — 1.5 m and con-
sisting of clones as old as several thousand
years, shinnery oak has the greatest ratio
of underground to aboveground tissue of
all American shrubs with estimates from
10:1 to 16:1 (Pettit 1986). The capacity of
sand shinnery oak to recover rapidly fol-
lowing a fire should be expected because
of its massive underground root system.

Our data suggested that recovery of sand
shinnery oak structure is more rapid after
2 burns than after a single fire. This is
contrary to what was expected, consider-
ing past literature suggested that multiple
fires may create more open habitat in
shrubland communities (Scifres and
Hamiliton 1993). This likely resulted from
a lack of adequate fine fuel available for a
successful fire at the time of the second
burn, resulting in lower fire intensity and
lower woody plant mortality (Savage and
Swetnam 1990, Fuhlendorf and Smeins
1997). Oak leaf litter is often the primary
fine fuel available for successful fires in
sand shinnery oak communities (Peterson
and Boyd 1998), and our data indicated
that at least 4 growing seasons is needed

for accumulation of litter to attain preburn
levels. Rapid recovery of structure (< 3
years), and the ineffectiveness of frequent
fires due to slow fuel accumulation sug-
gest that restoration of stable or long-term
open structure in sand shinnery oak com-
munities through the use of prescribed fire
would be difficult.

Historically, fire was assumed to be the
dominant disturbance in sand shinnery oak
communities responsible for reducing the
stature and dominance of shrubs across the
landscape. Reintroduction of fire into
these communities after 100 years or more
without this disturbance did not cause
long-term changes (> 3 years) in vegeta-
tion structure and composition. Frequent
fires (< 3 year return interval) would be
required to maintain herbaceous domi-
nance in these communities, yet more fre-
quent fires are not possible due to limited
fine fuel accumulation during the fire
interval. This suggests that attempts to
restore herbaceous dominance in this
shrubland community by mimicking his-
toric fire regimes may have limited suc-
cess. It is not clear whether these limita-
tions are caused by a misinterpretation of
historical fire regimes, ecological thres
olds associated with over 100 years of
altered fire regimes, or interactive influ-
ences of other factors, such as climate or
livestock grazing (Fuhlendorf 1999).
Regardless of the historical role of fire,
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