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CHAPTER 1

INTRODUCTION

This dissertation is composed of 5 manuscripts that are formatted for submission
to scientiﬁc journals. Chapter II has been publisﬁéd as a United States Department of
Agriculture-Forest Service General Technical Report. The text for this publication is not
included herein but is referenced on the title pﬁge for Chapter I1. Chapters 111 through VII

are formatted for submission to the Journal of Range Management.




CHAPTER 11

THE EFFECTS OF PRESCRIBED FIRE ON SHINNERY OAK

(QUERCUS HAVARDII Rydb.) PLANT COMMUNITIES IN g

WESTERN OKLAHOMA

Abstract

Changes in structural and compositional attributes of shinnery oak (Quercus

havardii Rydb.) plant communities have occurred in the 20" Century. These changes may
in part relate to altered fire regimes. Our objective was to document effects of prescribed
fire in fall (October), winter (February) énd épring (April) on plant composition in these
communities. Three study sites were located in western Oklahoma; each containing 12, 60

x 30 m plots that were designated, within site, to be seasonally burned, annually burned, or

left unburned. End-of;gfowing season herbaceous phytomass and plant canopy cover for
herbaceous and woody species were estimated in 1996 (pre-treatment) and 1997-1998
(post-treatment). Soil nutrients and percent bare ground were assessed during the same
time period. Phytomass of forbs and grasses and canopy cover of 8 {/egetation classes
were analyzed using multivariate analysis of covariance with pre-treatment score as the
covariable and season of burn, time since fire, or annual burning as the indepenident»
variable. The interactive influence of fire and soil hutrient status was determined using

partial canonical correspondence analysis. Forb and grass phytomass was affected by
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season of burn (1997 P =0.0013, 1998.P = 0.0899) and annual burning (P = 0.0303).
Canopy cover of vegetation classes was influenced by season of burn (1997 P =0.0001,
1998 P = 0.0014), time since fire (P = 0.0224) and annual burning (P = 0.0335). Fire in
any season reduced affected shrub cover and spring burns reduced cover most. Winter and
annual burns increased cover of rhizomatous tallgrasses, whereas burning in any season
decreased little bluestem covér. Perennial forbs increased with }ﬁre in any season and most
strongly with fall fire. Cormﬁunities returned rapidly to pre-burn composition with
increasing time since fire. Soil nutrient gradients influenced vegetation composition (P =
0.0050), but those gradients were confounded by fire treatment. Fire effects on
herbaceous vegetation appear to be manifeéted through increases in bare ground and
reduction of overstory shrub dominance. Fall fire may be used to increase forbs important
to some wildlife species, whereas winter burning can increase forage production for

livestock.
Keywords‘: Prescribed fire, shrub ecology, Oklahoma, multivariate analysis of covariance.

Introdﬁction
- Shinnery oak (Quercus havardii Rydb.) and associated vegetation occur in west
céntral Oklahoma, northern Texas, and southeastern New Mexico. Peterson and Boyd
conservétively estimated that shinnery oak rangelands covered at least 2 million hectares in
those states (Peterson and Boyd 1998). Historical accounts indicate that shinnery oak
communities were structurally dominated by tallgrasses with shinnery oak in the

understory; oak stems did not commonly exceed 45 cm in height (Marcy 1854, Osborne




1942). Today, shinnery may constitute 80% of canopy cover (Dhillion et al. 1994),
abundance of tallgrasses has decreased, and oak stems may reach 1 m in height in western
Oklahoma (Peterson and Boyd 1998). This increase in oak stature and canopy cover can
negatively affect recruitment of herbaceous seedlings (Holland 1994), leading to lower
herbaceous plant productién.

These structural and compositional changes in shinnery oak communities often
have been described as products of mismanagement of grazing livestock (Duck and
Fletcher 1944, Jackson and DeArment 1963, Pettit 1994). While grazing practices have
undoubtedly influenced ‘both small and large scale vegetation dynamics, it is difficult to
evaluate effects of livestock grazing in any system without simultaneously considering the
historical influence of fire (Box 1967). The diminutive stature of shinnery oak in historical
references may indicate a somewhat reliable and strong influence of fire, given the
susceptibility of this species to top-kill by fire. Prescribed spring fires may result in
dramatic increases in herbaceous plant phytomass in years of adequate rainfall (Mcllvain
‘and Armstrong 1966, McIlvain and Shoop 1965), and a high percentage of shinnery oak
stems may be top-killed (Slosser et al. 1985).

To evaluate the historic and potential role of fire in shaping shinnery oak
community plant composition, the overall fire regime must be explored. This necessarily
involves examining effects of fire frequency and season as well as the spatial scale and
pattern of fire events. To date, there has been no published work on effects of growing
season and winter fire in these communities. Our objective was to experimentally evaluate

the role of season of burn, time since fire, and annual burning on plant composition of




shinnery oak communities in western Oklahoma, and to delineate the relative influence of

fire on plant community composition compared with other environmental factors.

Metheds
Study Sites

Study sites were located on the Black Kettle National Gra§s1and in Roger Mills
County, Oklahoma (35° 32’ 44°” N, 99° 43° 39”> W), and the state-owned Packsaddle
Wildlife Management Area in Ellis County, Oklahoma (36° 4’ 22> N, 99° 54’ 5> W),
Sites were chosen subjectively to be representative of shinnery oak communities found on
sandy soils within the western Oklahoma region. All sites were lightly grazed by cattle
during the growing season before study initiation and were excluded from grazing in 1995
and throughout the course of the study. Before our study, these sites had not burned on a
regular basis and had not burned for at least 10 years.

Soils were fine sands (Nobscott-Brownfield Association) with no limiting layers in
the top 150 cm (USDA 1982). Shinnery oak, a deciduous, clonal species, was the
dominant shrub with lesser amounts of sand sagebrush (Artemisia filifolia Torr.) and
Oklahoma plum (Prunus gracilis Engelm.). Dominant grasses and forbs included little
bluestem (Schizachyrium scoparium Nash), indiangrass (Sorghastrum nutans Nash),
switchgrass (Panicum virgatum 1..), sand bluestem (Andropogon gerardii Hack.), sand
lovegrass (Eragrostis trichodes Nutt.), sideoats grama (Bouteloua curtipendula Michx.),
western ragweed (Ambrosia psilostachya DC.), erect dayflower (Commelina erecta L.)'
and sundrop (Calylophus berlandieri ‘Spach). Average annual precipitation was 65.6 cm;

growing season (March-August) precipitation averaged 40.6 cm (USDA 1982).




Experimental Design

We divided each of the 3 study sites (blocks) into 12 60 x 30 m plots. Plots were
arrangedina2x 6 Iﬁatrix and separated by 7 m firebreaks. We randomly assigned each of
the plots within a site to the following 9 treatments: 1) no burn, 2) burn fall 1996, 3) burn
fall 1997, 4) burn winter 1997, 5) burn winter 1998, 6) burn winter 1997 and 1998, 7)
bum spring 1997, 8) burn spring 1998, and 9) burn épﬂng 1997 and 1998 (Table 1). Pre-
treatment data were collected during the growing season in 1996 and treatment response

data during the growing season in 1997 and 1998.

Fire Ignition

All plots were burned using a strip-headfiring technique (Wright and Bailey 1982).
The downwind and flank sides of the plots were ignited and allowed to burn about S m
into the plot. We ignited a series of headfires abou;[ 10 m upwind from the backfire. All
burns were conducted with relative humidity >20%, air temperature <29°C and a surface
wind speed of <16 km/hr. We estimated fire behavior characteristics for all headfires and
determined pre-burn fuel loading and fire consumption from quadrafs clipped before and

after burning. Fire behavior and fuel characteristics are discussed in Boyd (1999).

Vegetation Sampling

Because of the ignition pattern, the outer 5 m of plots were excluded from
vegetation sampling to eliminate differential effects of headfires, backfires, and flankfires.
We estimated canopy cover for each plot; by species, at 30 randomly located points

(Daubenmire 1959). At each point, canopy cover of each species influencing a 20 x 50 cm




quadrat was categorized as 0-5%, 5-25%, 25-50%, 50-75%, 75-95% or 95-100%. We
averaged mid-point values to obtain an estimate of canopy cover of each species in a plot
for a given sampling pén'od. We estimated canopy cover during 3 sampling periods: 25-31
May, 6-22 June, and 8-17 August. Pretreatment data were collected during the growing
season in 1996 and treatment response data during the growing seasons in 1997 and 1998.
quenclature followed that of the Great Plains Flora Association (1986) with the
exception of little bluestem (i.e. Schizachyrium scoparium).

We created summary variables to represent the sum of all canopy cover values for
a given vegétation class, in a given plot and year (Table 2). Average seasonal canopy
cover values for vegetation claéses were calculated by averaging canopy cover values by
plot, class, and year (West and Reese 1996). Our purpose was to combine species that
respond similarly to environmental perturbation and reduce data to a meaningful level for
analysis and presentation. Annual ’and perennial fobs may respond positively to fire
(Mcllvain and Armstrong 1966), but, because annual forbs may be more sensitive to other
environmental factors Y(B_azzaz and Morse 1991), they were grouped separately. Legumes
(woody and non-woody) were grouped beéause they often respond positively to fire
(Towne and Knapp 1996) becau’se, of their ability to fix nitrogen in the nitrogen dynamic
post-fire environment (Pyne 1996). Rhizomatous C, tallgrasses were grouped because of
their similar rep’rofductive strategy and their generélly positive response to fire (Towne and
Owensby 1984). Little bluestem was classiﬁed by itself because it was the dominant grass
species in unburned plots. Additionally, the bunchgrass growth form of little bluestem
differed from other dominant grasses, which were mainly rhizomatous, and little bluestem

often declines following fire (Ewing and Engle 1988, Towne and Owensby 1984). All




remaining perennial grasses, predominantly bunchgrasses, were grouped toget’her.
Dominant species in this grouping included sideoats grama, sand lovegrass, and sand
drobseed (Sporobolus cryptandrus Torr.). All other shrub species were grouped and
represent the most abundant vegetation class. The only C; sedge species encountered
(Cyperus schweinitzii Torr.) was classified by itself. |

We estimated herbaéeous plant phytomass in August by élipping all current season
growth of grasses and forbsbinblo randomly located quadrats per plot. We used a 0.10 m?
quadrat in 1996 and a 0.25m” quadrat in 1997 and 1998. Clipped material was separated

into grasses and forbs, oven dried to a constant weight, and weighed to the nearest 0.1g.

Environmental Variables

We collected soil samples to a depth of »1 5 cm from all plots during July 1996,
1997, and 1998. Soil samples were analyzed for NOs-N, P, and K content and pH at the
Oklahoma State University Soil Testing Laboratory, Stillwater, OK. We obtained
precipitation data from an autémated climatological recording stgtion located abéut 10 km
south of our study area. Growing season brecipitation was calculated by summing monthly
values for March-August of a given year. Bare ground was estimated coﬁcurrently with
canopy cover and was defined as the percentage of the quadrat not covered by basal plant
cover (Bonham 1989) or plant litter. Environmental variables and their associated data

ranges are listed in Table 3.




Statistical Analysis
Multivariate Analysis of Covariance
We assessed treatment effects using multivariate analysis of cévariance
(Fuhlendorf and Smeins 1998, SAS Institute Inc. 1988, Stroup and Stubbendieck 1983)
with canopy cover or phytomass qlass as the dependent variable and season of burn, time
since fire, or annual burning (Tablé 3) és main effects and pretreatment score as the
covariable. We evaluated treatment signiﬁcance using the P-value associated with the
Wilks’ Lambda (Johnéon and Wichern 1992) test statistic for the treatment variable effect
in the model: |
Vegetationg, or Phytomass Class;, Score = Pretreatment Vegetationy., or
Pretreatment Phytomass Class;» Score + Treatment Variable + Block + Treatment
Variable x Block.
We did not perform univariate méan separation tésts because they would violate the
multivariate assumptioﬁ of a lack of independence between dependent variables. We
discuss numeric differences in independent variable means without attaching statistical
significance to these compa'n'Sons. To testﬂ fof differences in vegetation or phytomass class
values between years we uséd the above multivariate model with response period year
(1997 and 1998‘) as the independent variable; this analysis included unburned plots only.
Dueto a signiﬁc‘anf year effect in the canopy cover (P = 0.0001) and phytomass class (P =

0.0302) models, we analyzed 1997 and 1998 data separately.




Environmental Data

We evaluated effects of individual environmental variables on canopy cover using
Pearson correlation analysis (SAS 1988). For this analysis, we combined data from 1997
and 1998 and analyzed data for burned plots separately from control plots, due to the
potential for alterations in controlling environmental factors following burning. We used
partial canonical correspondence analysis (pCCA,; ter Braak 1998) to assess interactive
effects of environmental and fire treatment variables on vegetation class abundance.
Canonical correspondence analysis is a direct gradient analysis technique that ordinates
species relative to vth‘eir position along specific environmental gradients (Paliher 1993). To
reduce noise and more specifically focus on treatment and environmental effects, we
square-root transformed vegetation class cover data and used study site as a covariable.
We evaluated the significance of the first canonical axis in CANOCO using a Monte Carlo
test with unrestricted permutations (ter Braak 1998). Permutations were within blocks as
defined by the covariable “site”. We used CANOCO interset correlation output to
calculate the intraset correlations for environmental variables. The intraset correlation was
equivalent to the corrélation between an environmental variable and a given axis (ter
Braak 1986) and allowed determination of the environmental factors most responsible for
influencing a given axis.

We used CANODRAW (Smilauer 1990) to produce graphical output (a bi-plot) of
the pCCA, the bi-plot included the first 2 canonical axes, which represented the 2
strongest species-environment gradients. In the bi-plot, arrows represented the influence
of continuous variables and centroids of nominal variables were indicated by closed

triangles. The relative direction of arrows and position of nominal variables were
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representative of the correlation between a variable and a given CCA axis. The position of
species groups, relative to arrows or centroids, was representative of the association

between a species group and a nominal or continuous variable.

Results

Multivariate Analysis of Covariance |

Season of burn influenced the cover of vegetation classes in 1997 (P = 0.0001) and
1998 (P = 0.0014; Table 4). Shrubs generally decreased in cover following fire. Spring
burns decreased shrub cover more than other burn season, and decreased cover by over
50% in 1997 relative to control plots. In 1998, shrub cover was greater for spring burns
than in 1997. Little bluestem cover decreased with fire in any season in 1997 and 1998.
Cover of tallgrasses for winter-burned plots was higher in both 1997 and 1998 than in
control plots; other grasses (GRASS) were unaffected by season of burn in 1997, and
increased after winter and spring burns in 1998. Annual forb abundance was similar
between all burning seasons in 1997, while burning in any season increased annual forb
abundance in 1998 compared with control plots. Perennial forbs increased with fire in any

season in 1998 and with fall and winter fire in 1997. Several forb and legume species were

limited in occurrence to only 1 or 2 treatments. For instance, toad flax (Linaria canadense

L.) was only found in control plotS, blue false indigo (Baptisia australis L.) in fall and
spring-burned plots, sleepy daisy (Aphanostephus ridellii T. & G.) in winter-burned plots,
and purple coneflower (Echinaceae ang;zstifolia DC.) in fall and winter-burned plots.
Legumes were unaffected by burning season in 1997 or 1998. Sedge abundance was

associated positively with winter and spring fire in 1997 and spring fire in 1998.
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- Time since fire influenced (P = 0.0224) abundance of veget‘ation classes in burned
plots (Table 4). Shrub abundance increased with time since fire; and in fact, abundance of
shrubs in plots 2 years after fire was comparable to control plots in 1998. Little bluestem
abundance increased with time since fire and the 2-year post-fire means were similar to

1998 control plots. Abundance of other grasses increased, while sedge cover decreased

with time since fire. All remaining vegetation classes did not vary with time since fire.

Annual burning also influenced vegetatioﬁ class abundance (P =0.0335). The majority of

vegetation classes were unaffected by annual burning , but tallgrasses were more abundant
in annually burﬂed plots, while sedge abundance was greater with single event fires.
Phytomass of grasses and forbs was affected by season of burn in 1997 (P =
0.0013) and weakly associated with season of burn in 1998 (P = 0.0899) (Table 5). In
1997, grass phytomass was unaffected by fall and winter fire and increased with spring
fire; forb abundance increased with fire in any season. Results were similar for 1998,
exéept for winfer-burned plots, in which grass phytomass incr‘e‘ased relative to control
plots. Grass phytomass ~vélues were similar within treatment and across yeérs, while forbs
were lower in 1 998. Grass and forb phytomass was not affected by time since fire (P =
0.8435) but was influenced by annual burning (P = 0.0388). Grass phﬁomass was higher
for annually-burned blots compared with singie event fires; forb abundance decreased with

annual burning.

Correlation Analysis
Univariate correlation analysis revealed that bare ground was associated negatively

with shrub cover and associated positively with cover of little bluestem, tallgrasses, annual
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forbs, and legumes in control plots, and associated negatively with cover of little bluestem
and otﬁer grasses in burned plots (Table 6). Soil NOs-N content was associated positively
with cover of tallgrasses in control plots. Soil P content was correlated negatively with
little bluestem cover in control plots, and correlated positively and negatively with annual
forb and tallgrass cover, respectively, in burned plots. Soil K content was associated
positively With cover of other grasses in control plots, other grasses, tallgrasses and
legumes in burned plots, and correlated negatively with perennial forbs in burned plots.
Soil pH correlated negatively with cover of other grasses and tallgrasses in control plots

and positively with annual forbs in burned plots.

Canonical Correspondence Analysis
Both the first canonical axis (P = 0.0050), and all axes considered simultaneously
(P = 0.0050) were significant (Table 7). Intraset correlations revealed that season of burn
- (control) and time since fire had the strongest positive correlation with CCA axis 1, and
bare ground and season of bum‘ (spring) were correlated most negatively with axis 1. Soil
K and P were correiated most positively with CCA axis 2, and sampling year (1997) and
- soil NO; were correlated most negatively with axis 2. The soil nutrient gradient along axis
2 was associatéd with burning treatment in that means for soil K and P content were
higher in burned plots than control plots, while mean soil NO; content was higher in
control plots than burned plots (Table 6).
The bi-plot for the CCA (Figure 1) revealed an environmental gradient of fire
treatment from control to spring burning treatnients. The control treatment had a positive

axis 1 score, while all burning treatments had negative scores. Bare ground also was
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associated negatively with axis 1. Burning treatment may have confounded that
relationship, in that bare ground increased dramatically with burning in any season.
Vegetation class scores indicated that shrubs and little bluestem were associated most
closely with control plots and increasing time since fire. Sedges, legumes, annual and
perennial forbs, tallgrasses, and other perennial grasses were associated with increasing
bare ground and burning. The relatively short species gradients (compared with
environmental gradients) were a fésult of our use of class variables as species, which
served to reduce the quantity of variation among species relative to the ﬁse of individual
taxa.
The environmental gradient along CCA axis 2 related to soil nutrients, burning

- treatment, and year of sampling. The sampling year effect along axis 2 was associated with
growing season precipitatiQn; 1997 was a relatively wet year, and 1998 a relatively dry
year (Figure 2). Sedges and perennial forbs were associated most closely with spring burns
and control plots, the 1997 sampling year and increasing soil NOs-N, and annual forbs and
legumes were aséociated with fall, winter, and annual burns, the 1998 sampling year, and

increasing K, P, and pH.

Discussion

Soils of shinnery oak communities have been characterized as nutrient limited
(Peterson and Boyd 1998). Nitrogen fertilization increases total herbaceous plant
production (Pettit and Deering 1974) and forb abundance (Deering 1972) in shinnery

communities. Microbial biomass and root growth have also been reported to increase
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following nitrogen additions to shinnery communities (Zhang and Zak 1998). However, in
our study, the only vegetation class to be univariately correlated with soil NO;-N content
was tallgrasses in control plots. The apparent multivariate NO3-N gradient (Figure 1) is
more likely a ﬁre—relatedv gradient, in that soil NO3-N decreased with burning treatment
(Tvable 6). Similarly, the soil P and K. gradient in Figure 1 may also relate to fire treatment
in that soil P and K content increased in burned plots, relative to control plots (Table 6).
Similar soil P and K responses to fire have been reported in other systems (Christensen
1987, Andreu et al. 1996). The decrease in soil NO; is somewhat unusual in that NO; has
been reported to undergo short-term increases following fire (Pyne et al. 1996). However,
Sears et al. (1982) reported a long-term (6 years post-treatment) decrease in-below
ground total N after herbicidal removal of the shrub component of shinnery oak
communities. It is possible that fire-associated removal of leaf litter would increase water
infiltration and increase leaching of soil associated NOs, which is particularly susceptible

to leaching due to its negative charge (Salisbury and Ross 1992).

Our results are somewhat unique in that late-growing season (fall) burns reduced
shrub cover less than other burning seasons; other oak species are greatly reduced by
growing-season fire (Fergusson 1961, Glitzenstein et al. 1995). This may relate to the fact
that our burns were near the end of the gfowing season (October), after the period of peak
carbohydrate storage in the dominant shrub shinnery oak (Boo and Pettit 1975). The
relatively strohg reduction in shrub canopy cover‘following épﬁng fire may also relate to
carbohydrate storage. Boo and Pettit (1975) reported that the low point in the

carbohydrate cycle of shinnery oak was during the first 2 weeks of May, when leaf
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expansion was 50-75%. Our spring burns corresponded to this time period. At the time of
our spring burns, leaf expansion of the two most dominant species (shinnery oak and
Oklahoma plum) was about 50%. Mcllvain and Armstrong (1966) noted a similar

response to spring burning of shinnery communities in Ellis County, Oklahoma.

The positive association of time since fire with shrub abundance is indicative of
adaptations of the dominant shrub, shinnefy oak, to disturbance. Top-kill of shinnery oak
stems approachgd 100% for all burns, but, shinnery oak reproduces vegetatively from
rhizomes (Muller bl 951) and re-sprouts vigorously in response to fire (Slosser et al. 1985),
thus enhancing its persistence in the community following fire disturbance. The fact that
shrubs were not correlated with any environmental variable, with the exception of bare
ground (Table 6), is reflective of the wide ecological tolerance of the shrub Component of
shinnery oak communities. The negative correlation of shrubs with bare ground in control
plots (Table 6) reflects the fact that bare ground decreases with increasing shrub cover
(i.e. increased oak leaf litter deposition), not because bare ground is a controlling factor of

shrub abundance.

The response of grasges to fire was characterized by an increase in overall grass
phytomass in spring-burned plots and an increase in the ratio of tallgrass to little bluestem
canopy cover with burning in any season. Other authors have noted like responses of little
bluestem to fire (e.g. Ewing and Engle 1988, Towne and Owensby 1984), which may
relate to the non-rhizomatous growth form of little bluestem which makes its basal
growing points more susceptible to fire damage than rhizomatous co-dominants. That

cover of little bluestem and other perennial grasses increased while that of rhizomatus
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tallgrasses remained unchanged‘with increasing time since fire (Table 4) suggests that
frequent fire may be necessary to the maintenance of the tallgrass component of shinnery
communities. In support of this generalization, canopy cover of rhizomatus tallgrasses
increased in annually-burned plots relative to plots burned only once (Table 4).
Rhizomatéus tallgrasses were the only vegetation class in this study correlated with soil -
NOs-N. This correlation was absent following fire (Table 6), while soil NOs-N content
decreased with fire, suggesting that increased cover of rhizomatous grasses following fire
offset effebfs of limitations of soil NOs;-N. Sedges were not correlated with any of the
environmental variables (Table 6) but did increase following seasonal fire suggesting that
fire treatment is beneficial to the abundance of this species. The positive association of
sedges with the sampling year is related to a relatively wetter spring growing period in
1997 (Figure 2); sedges are cool-season species and are actively growing during spring
(Kindscher and Wells 1995). Coppedge et al. (1998) found a similar response of sedges

and rushes to spring precipitation in a tallgrass prairie system.

In general, forb phytomass (Table 5) and cover of annual and perennial forbs
(Table 4) increased withrburning treatment relative to unburned plots. The positive
association betWéen fall fire and perennial forb canopy cover may relate to the time of
burning relative to plant morphological development. Plots Bumed in fall were burned
before growth initiation of cool season perennial forbs, winter burns coincided with the
growing period of some cool season forb spe‘cies, while spring burns coincided with active
growth periods for cool and warm season forbs. In burned plots, annual variation in the

canopy cover of annual and perennial forbs (Table 4) was associated with variable
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growing season precipitation (Figure 2). Perennial forb abundance. was highest with
increased growing season precipitation, while in fall and winter-burned plots, annual forbs
were most abundant with decreased growing season precipitation. The increase in annual
forbs during a relatively dry year may be due to a reduction in competition with perennial

forb species. Annual species are generally very sensitive to competition with perennial

species (Bazzaz and Morse 1991). If abundance of perenhial species is reduced by an
environmental factor (e.g. low precipitation), competing annuals may increase after this
period of reduced competition for light and nutrients. Increases in annual forbs associated
with burning also may relate to increased availability of germination sites (i.e. increased
bare ground; Trabaud 1987) and decreased phytochemical inhibition from perennial
woody species or litter (Menges and Kimmich 1996). Phytochemicai inhibition of annual
or perennial forb species has not been reported in shinnery oak communities, but, Matizha
and Dahl (1991) reported strong reductions in shoot growth of weeping lovegrass
(Eragrostis curvula Schrad.) with application of leaf extract from shinnery oak. The
positive association between annual burning and legume ébundance (F igufe 1) supports
the hypothesis that nitrogen fixing legumes will increase in annually-burned communities,

which are generally thought to be nitrogen limited (Towne and Knapp 1996).

That several forb species were only found in 1 or 2 treatments suggests that these
species may be limited to areas burned in a particular season, or areas disturbed in such a
way as to create microclimate conditions similar to the treatment in which they were

found. That certain forb species may be dependent on or associated with particular
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seasons of burn supports the notion that maintaining plant diversity may be aided by

varying date of burning.

We believe that the influence of fire on the herbaceous component of shinnery oak
communities is strongly related to alterations in availability of bare ground; and decreased
overstory shrub dominance. The majority of the ground not covered by basal plant
material in unburned plots was covered with oak leaf litter to depths of about 8 cm, and
little bluestem, tallgrasses, aanual fofbs, and legumés are correlated positively with
increasing bare ground (Table 6). Fire in any season reduces negative effects of leaf litter
on herbaceous abundance by increasing availability of bare ground. Following fire,
tallgrasses, annual forbs, and legumes no longer correlate with bare ground (Table 6). The
negative correlations following fire between bare ground, and little bluestem and other
perennial grasses may relate to competition with rhizomatous tallgrasses in the post-burn
environment. In the CCA bi-plot (Figure 1), little bluestem and shrubs were the only
vegetation classes not associated positively with bare ground. Bare ground represented the
most important environmental variable (i.e. it largely defined the first CCA axis) of those
included in this analysis. Dhillion et al. (1994) reported that density of herbaceous
seedlings in a shinnery oak community was correlated positively with increasing bare
ground. In undistu‘rbed shinnery commuhities, the shrub component also creates a fairly
continuous canopy cover and may act to decrease light availability and microclimate
diversity at the ground level. Burning decreases the shading effects of overstory shrubs,

thus creating light gaps in the canopy that may benefit shade intolerant herbaceous species
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(Nasser and Goetz 1995, Bowles and McBride 1998). Holland (1994) reported that

recruitment of herbaceous seedlings decreased with increasing cover of shinnery oak.

Conclusions and Management Implications

Shrub cover (mainly shinnery oak) dominates shinnery oak communities on the
present day landscape, whereas the majority of species in these communities are
herbaceous (Dhillion et al. 1994). Our results indicate that prescribed fire can be used as
an effective tool for re-structuring community composition. Burning in any season can
decrease shrub canopy cover and increase phytomass of grasses and forbs. Winter and
annual fire can increase the cahopy cover of rthizomatus perennial grasses, while little
bluestem cover is decreased by fire in any season. Annual and perennial forb cover may
increase with burning in any season, but fall fire generally increases forb cover the most.
Although vegetation responds differentially to fire in‘ different seasons, other fire-related
factors such as increases in bare ground and reduction of shrub canopy cover may
influence plant community dynamics.

The major limitation of oﬁr study is the short-term nature of our results. Other
authors have stressed the temporary nature of fire-induced changes in shinnery
communities (e.g., Slosser et al. 1985), as well aé other shrub-dominated systems (Parsons
1976, Trabaud and Lepart 1980). In fact, our data indicate that shinnery oak communities
are very elastic and show signs of a rapid return to pre-burn plant composition following
fire. However, it can be argued that the immediate results of burning treatment may be
important for a variety of short-term management goals, such as increasing abundance of

forbs that are important for certain wildlife species or increasing the abundance of
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perennial grass species important to ground-nesting birds. Additional research is needed to
assess long-term community response to fire, including the effects of fire frequency and

the interaction of fire frequency and season of burn on plant species composition.
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Table 1. Year, season of burn, burning date,

and sample size for prescribed burns in western
Oklahoma.

Burning

Year Season date n
1996 Fall Oct. 23-24 3
1997 Winter Feb. 4-5 6
1997 Spring April 28-29 6
1998 Fall Oct. 1 3
1998 Winter Jan. 27-28 6
1998 Winter (annual) Jan 27-28 3
1998 Spring April 30-Mayl 6

2

1998 Spring (annual) _ April 30-Mayl
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Table 2. Shinnery oak community vegetation classes, acronyms, and representitive species.

Vegetation Representitive
class Acronym species

Annual Forbs FORBA  Conyza canadensis 1., Monarda punctata 1.., Pyropapus carolinianus Walt.
Perennial Forbs FORBP  Ambrosia psilostachya, Calylophus berlanderii, Commelina erecta
Legumes LEGUME Amorpha canescens Pursh., Desmodium sessilifolium Torr., Lespedeza stuevei Nutt.
Little Bluestem LBS Schizachyrium scoparium
Tallgrasses TG Andropogon gerardii, Panicum virgatum, Sorghastrum nutans,
Other Grasses GRASS  Bouteloua curtipendula, Eragrostis trichodes, Sporobolus cryptandrus
Sedges SEDGE  Cyperus schweinitzii Torr.
Shrubs SHRUB  Artemisia filifolia, Prunus gracilis, Quercus havardii
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Table 3. Variable type, acronym and data range for variables used in the statistical
analysis of shinnery oak vegetation.

Data
Variable Type Variable Acronym Range*
Treatment Season of Burn
Control (unburned) SOBC
Fall SOBF
Winter SOBW
Spring SOBS
Time Since Fire**
One Year TSF1
Two Years TSF2
Annual
Single Event Fire ANNUALO
Annual Fire ANNUALI1
Environmental Soil Nitrate (kg/ha) NO3 3-66
Soil Phosphorous (kg/ha) - P _ 15-34
Soil Potassium (kg/ha) K 68-320
Soil Ph Ph 5.5-6.6

** Data range values for 1997-1998.

** Equivilant to the number of growing seasons since fire.
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Table 4. Canopy cover for vegetation classes by year and fire treatment for experimental plots

in western Oklahoma. Acroynms are from Table 2,
Vegetation class '

Treatment SHRUB LBS GRASS TG FORBA FORBP LEGUME SEDGE
Year variable n P Value* X SE X SE X SE X SE X SE X SE X SE X . SE
% Canopy cover
1996 Control 36 535 L1 339 11 147 08 166 11 11 01 69 04 04 0.1 031 005
1997  Season of burn 21 0.0001
Control 21 744 20 419 26 177 13 217 23 171 03 90 L0 02 01 011 004
Fall 3 565 102 226 9.0 192 56 291 63 12 04 181 28 03 03 043 035
Winter 6 603 47 247 43 164 28 325 70 33 13 139 27 04 04 027 014
Spring 6 304 42 248 47 162 23 295 99 L1 05 1.5 23 05 03 079 033
1998  Season of burn 36 0.0014
Control 6 738 60 463 48 80 15 175 32 07 03 34 06 02 02 001 00!
Fall 6 644 63 283 70 116 23 232 46 36 12 84 1.0 04 02 009 007
Winter 12 607 24 342 38 136 15 2713 40 21 07 12 09 03 01 009 005
" Spring 12 414 54 308 51 136 22 252 53 32 11 57 09 03 02 022 008
Time since fire 30 0.0224 v
~ One year 20 475 37 256 21 109 11 268 35 23 06 67 07 04 01 020 006
Two years 10 662 41 439 57 178 20 234 44 40 12 72 L0 02 02 003 002
Annual 30 0.0335
Single event fire ' 25 553 34 320 33 130 13 230 27 21 06 671 07 03 01 016 005
Annual fire - 5 456 92 300 33 141 16 389 81 34 L5 16 10 07 05 007 004

* P value is for the Wilks' Lambda test statistic associated with the treatment variable effect in the model : Veg. Class
+ Block + Treatment Variable*Block . '

= Pretreatment Veg. Class;+ Treatment Variable




Table 5. End-of-growing season phytomass of grasses and forbs by fire

treatment for experimental plots in western Oklahoma.

Phytomass (g/m?)
Treatment Grasses Forbs
Year Vanable n PValue* x SE x SE
1996 Control 36 100.7 66 9.1 1.2
1997 Season of Burn 0.0013
Control 21 ' 747 63 188 28
Fall 3 685 255 310 58
Winter 6 86.0 283 336 79
Spring 6 1223 382 283 6.5
1998 Season of Burn 0.0899
Control 6 653 156 44 2.7
Fall 6 66.1 19.7 199 6.2
Winter 12 96.7 12.8 11.7 24
Spring 12 96.7 149 118 3.6
Time Since Fire 0.8435
One Year 20 889 105 138 26
Two Years 10 927 165 124 38
Annual 0.0303
Single Event Fire 25 80.7 82 141 25
Annual Fire 5 1375 254 97 18

* P value is for with the Wilks' Lambda test statistic associated with the treatment

variable effect in the model : Veg. Class i-j = Pretreatment Veg. Class i-j +

Treatment Variable + Block + Treatment Variable*Block .
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Table 6. Correlation coefficients of vegetation class canopy cover and environmental variables for experimental plots in western Oklahoma. Acronyms are from table 2.

Environmental " Mean Vegetation class
variable Treatment ‘n Xx SE SHRUB LBS GRASS TG. =~ FORBA FORBP LEGUME SEDGE

’ ) Correlation coefficient
Bare ground Control 27 66 0.8 0398* 0.431 * 0.110 0.421 * 0.702 * 0.173 0.493 * -0.001
Bumed .45 486 2.0 -0.158 -0.298 * -0.256 ** 0.233 0.047 0.030 0.225 -0.029
Soil nitrate (kg/ha) Control 27 273 3.2 -0.059 0.027 0.209 0.621 * 0.130 0.103 0.049 -0.059
Burmmed 45 202 2.2 0099 -0.084 0.124 -0.189 0.059 0011 -0.098 -0.044
Soil phosphorus (kg/ha) Control 27 169 0.4 0.219 0.554 * 0.103 0236 0.110 0.227 -0.283 0.046
Burned 45 19.3 0.7 0.214 -0.106 0.132 40,325 * 0362 * 0.045 0.150 0.078
Soil potassium (kg/ha) Control 27 167.6 7.6 0.065 -0.074 0.370 ** -0.103 0.220 -0.085 0.234 0.252
: Burned 45 188.9 5.4 0086 0.540 * 0.289 ** 0.282 ** 0.236 -0.260 * 0.482 * -0.181
Soil pH Control 27 6.0 0.0 0.255 <0.191 0.404 * -0.528 * -0.283 0.064 -0.312 -0.039
Burned 45 6.1 0.0 0.110 0.023 0.112 0.025 0.338 * -0.181 -0.080 0.012

*p <005 ' ‘

**p >0.05 and <0.10




~Table 7. Relationship between environmental and treatment
variables in the partial canonical correspondence analysis
of data from experimental plots in western Oklahoma.

Acronyms are from Table 3. L
’ ' : Axis 1 Axis2
Eigenvalue 0.015 0.005
Species-environment
correlation - 0.823 0.627
Cumulative percentage
. Variance of’ B
Species data 19.8 26.9
Species-environment relation 49.5 67.1
1997 -0.264 -0.491
1998 0.264 - 0.491
SOBC 0.619 -0.206
SOBF -0.184 0.167
SOBW -0.079 0219
SOBS 20490  -0.119
TSF2 - 0233 0.212
ANNUALI -0.159  0.413
NO3 0.116  -0.221
P -0.120 0.572
K -0.250 0.821
Ph 0.005 0341
BARE -0.708 0.258
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Figure 1. Bi-plot of the first two axes of the partial canonical correspondence analysis.
Continuous variables are represented by their arrows, and nominal variables by solid
triangles indicating their centroid. Species are represented by open circles. Arrows with

dotted lines point to species locations where data are crowded. Acronyms are from tables
2 and 3. '
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Figure 2. Growing season precipitation by month during the study period. Long-term
average (normal) precipitation data are from USDA (1982).
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CHAPTER III
THE EFFECTS OF PRESCRIBED FIRE ON SHRUB ABUNDANCE
IN SHINNERY OAK (QUERCUS HAVARDIT Rydb.) PLANT

COMMUNITIES IN WESTERN OKLAHOMA

Abstfaét

Little is known about the response of shinnery oak (Queréés havardii Rydb.)
communities to fire. Our objective was to document effects of fali (Oétober), wiﬁter
(February), and spring (April) prescribed fire on woody plant composition in these
* communities and define the intefacting ‘inﬂuence’of sbil nutrient content. Three study sites
were located in western Oklahoma; .each containing 12, 60 x 30 m plots that were
designated, within site, to be seasonally burned, annually burned, or left unburned. Canopy
cover of woody species was estimated in 1996 (pre-treatment) and 1997-1998 (post-
treafmeht). Soil nutrient content was assessed during the safne time period. Shrub stem
density (by species) and canopy'height of shinnery oak and Oklahoma plum (Prunus
Qacilis Engelm.) were estimated in September 1997 and 1998. Shrub species cover,
density and height were analyzed using multivariate analysis of vaﬁance with season of
burn, time since fire, or annual burning as the independent variable. The interactive
influence of soil nutrient content was determined using partial canonical correspondence

analysis. Canopy cover of shrub species was influenced by season of burn (P = 0.0001)
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and time since fire (P = 0.0745); to date, annual burning had no significant effect (P =

| 0.2939). Height of shinnery oak and Oklahoma plum was influenced -by, season of burn (P
=0.0001) but not by time since fire (P = 0.1745) or annual burning (P = 0.5906). Fire in
any season negatively aifécted cover of most species and decreased canopy height of |
shinnery oak and Oklahoma plum; spring burning had the most negative aﬁ‘ect. Shrub.
density was inﬂugncad by season of bu‘m (1997, P=0.0001; 1998, P = 0.0007) and
annual fire (P = 0.0046) but not by time since fire (P = 0.2592). Density of most shrub
species increased with fire in any season; spring burns produced the lowest shrub density
of .all burning treatments. The interactive influence of soil nutrients and burning treatment
had a significant affect on species gradients (P = 0.0100). Shrub species of shinnery oak
communities reproduce mainly through vegetative means and recovered quickly from fire.
Fire may be used as a tool to‘decrease short-term shrub abundance and perhaps serve as

-an alternative to herbicide to reduce shinnery oak.
 Keywords: Prescribed fire, shrub ecology, Oklahoma, multivariate analysis of variance.

Introduction
Shinnery oak (Quercz)s havardii Rydb.) and associated vegetation occur in west
central Oklahoma, northern TeXas, and southeastem New Mexico. Peterson and Boyd
conservatiVely estimated that shinnery oak rangelands coveréd at least 2 million hectares in
those states (Peterson and Boyd 1998). Historical accounts indicate that shinnery oak
communities were structurally dominated by tallgrasses with shinnery oak in the

understory; oak stems did not commonly exceed 45 cm in height (Marcy 1854, Osborne
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1942). Today, shjnnefy may constitute 80% of canopy cover (Dhillion et al. 1994), the
abundance of tallgfasses has decreased, and oak stems may reach 1 m in height in western
Oklahoma (Peterson and Boyd 1998). This increase in oak stature and canépy cover can
negatively affect recruitment of herbaceous seedlings (Holland 1994), leading to lower
herbaceous plant prqduction. |

These structural and composiﬁonal changes in shinnery oak communities
often have been described as products of mismanagement of grazing livestock (Duck and
Fletcher 1944, Jackson and DeAxmént .1963, Pettit 1994). While grazing practices have
undoubtedly inﬂuenced both srﬁall and large scale vegetation dynami‘c,s, it is difficult to
evaluate effects of livestock grazing in any system without simultaneously considering the
histoﬁcal inﬂuence of fire (Box 1967). The diminutive stature of shinnery oak in historical
references may indicate a- somewhat reliable and strong influence of fire, given the
susceptibility of this species to top-kill by fire. Prescribed spring ﬁrés may result in
dramatic increases in herbaceous plant phytomass in years of adequate rainfall (McIlvain
and Armstrong 1966, McIlvain and Shoop 1965), and a high percentage of shinnery oak
stems may be top-killed (Slosser et al. 1985). |

To evaluate the lﬁstoric and potential role of ﬁfé in shaping plant composition of
shinnery oak communities, v»the overall fire regime must be explored, which necessarily
involves examining effects of fire frequency and season as well as the épatial scale and
pattern of fire events. To date, there has been no published work on effects of growing
season and winter fire in these communities. In previous work (Boyd 1999a), we
~ evaluated the influence of seasonal prescribed fire on changes in plant response group

abundance. Our objective here is to examine the role of season of burn, time since fire, and
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annual burning on species composition within the shrub component of shinnery oak
communities in western Oklahoma. Additionally, we delineate the relative importance of

fire within the context of soil nutrient content.

Methods
Study Sites

Study sites were located on the Black Kettle National Grassland in Roger Mills
County, Oklahoma (35°32’ 44" N, 99° 43’ 39” W), and the state-owned Packsaddie
Wildlife Management Area in‘Ellis County, Oklahoma (36° 4° 22"’ I;I,v 99° 54; 57 W).
Sites weré chosen subjectively to be representative of shinnery oak communities found on
sandy soils within the western Oklahoma region. All sites were lightly grazéd by cattle
during the growing season before study initiation and were excluded from grazing in 1995
and throughout the course of the study. Before our study, thése sites had not burned on a
regular basis and had not burned for at least 10 years.

Soils were fine sands (Nobscott-Brownfield Association) with no limiting layers in .
 the top 150cm (USDA 1982). Shinnery oak, a déciduous, clonal species,. was. the
domihant shrub. Other‘ shrub. species included Oklahom’a plum (Prunus gracilis Engelm.),
sand sagebrush (Artemisia filifolia Torr.), fragrant sumac (Rhus aromatica Ait.), leadplant
(Amorpha canescens Pursh), and netleaf hackberry (Celtis reticulata Torr.) (Table 1).
Dominant grasses and forbs included little bluestefn (Schizdchyrium scoparium Nash),
indiangrass (Sorghastrum nutahs Nash), switchgrass (Panicum virgatum L.), sand
bluestem (Andropogon gerardii Hack.), sand lovegrass (Eragrostis trichodes Nutt.),

sideoats grama (Bouteloua curtipendula Michx.), western ragweed (Ambrosia
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psilostachya DC.), erect dayflower (Commelina erecta L.) and sundrop (Calylophus
berlandieri Spach). Average annual precipitation is 65.6 cm; growing season (March-

August) precipitation averages 40.6 cm (USDA 1982).

Experimental Design

We divided each of the 3 study sites (blocks) into 12 60 x 30 m plots. Plots were
arranged in a 2 x 6 matrix and separated by 7 m firebreaks. We randomly assigned each of
.the plots within a site t<; the followiné 9 treatments: 1) no burn, 2) burn fall 1996, 3) burn
fall 1997, 4) burn winter 1997, 5)‘burn winter 1998, 6) burﬁ winter 1997 and 1998, 7)
burn spring 1997, 8) burn spring 1998, and‘é) burn spring 1997 and 1998 (Table 1). Pre-
treatment data were collected during the growing seasoh in 1996 and treatment response

data during the growing seasons in 1997 and 1998.

Fire Ignitio.n and Behavior |
All plofs were burned using a strip-headfiring technique (Wright and Bailey 1982).
The downwind and flank sides of the plots were ignited and allowed to burn about 5 m
- into the plot. We‘ignited a series of headfires about 10 m upwind from the backfire. All
burns were conducted with relative humidity ?26%, air temperature <29 °C and a surface
ﬁnd speed of <16 km/hr. We estimated fire behavior characteristics for all headfires and
determined pre—buﬁ fuel loading. and fire consumption from quadrats clipped before and

after burning. Fire behavior and fuel characteristics are discussed in Boyd (1999b).

42



Vegetation Sampling

Because of the ignition pattern, the outer 5 m of plots were excluded from
vegetation sampling to eliminate differential effects of headfires, backfires, and flankfires.
We estimated canopy cover for each plot, by species, at 30 randomly located points
(Daubenmire 1959). At each point,‘ the canopy cover of shrub species influencing a 20 x
50 crﬁ quadrat was categorized és 0-5%, 5-25%, 25-50%, 50-75%, 75-95% or 95-100%.
We avcragéd mid-point values to obtain an estimate of canopy cover of each species in a
plot for a given sampling periobd. Wé estimated canopy cover during 3 sampling periods:
25-31 May, 6-22 June, and }8-17 August. Pretreatment data were collected dﬁring the
growing season in 1996 and trgatment response data during the growing seasons in 1997
and 1998. Average seasonal canopy cover values for each shrub species were calculated
by averaging canopy cover values by plot, class, and year (West and 'Réese 1996). These
average values were used in all statistical analyses. Nomenclature followed that of the
Great Plains Flora Association (1986).

We estimated shrub stem density and shrub canopy height in September 1997 and
1998. We estimated density by counting the number of aboye-ground stems present in 10
randomly located 0.50 m® quadrats per 'plot.FWe déﬁned stems as shrub plants that had a’
unique above-ground base. We estimated canopy height by measuring the average canopy
height of the two dominant shrub species (shinnery oak and Oklahoma plum) in 10

randomly located 0.50 m® quadrats for each plot.
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Environmental Variables

We collected soil samples to a depth of 15 cm from all plots during July 1996,
1997, and 1998. Soil samples were analyzed for NO;-N, P, and K content and pH at the
Oklahoma State University Soil Testing Laboratory, Stillwater, OK: (Table 3). We /
obtained precipitation data from an automated climatological recording station located
about 10 km south of our study area. Growing season precipitatibn was calculated by

summing monthly values for March-August of a given year.

Stati’stical Analysis
Multivariate Analysis of CoVariance

We assessed treatment effects using multivariate analysis of covaﬁanée for shrub
“canopy cover data, and multivariate analysis of variance for shrub density-and shrub height
G?uhléndorf and Smeins 1998, S'AS4Institute ‘Inc. 1988, Stroup and Stubbendieck 1983)
with cover, hgight or density as the dependent variable and season of burn, time since fire,
or annual burning (Table 3) as the main effect. We evaluated treatment significance using
the P-value associated with the Wilks’ LLambda test statistic (Johnson and Wichern 1992)
for the treatment variable effect in the model:

Cover for Spéciési.j = Pretreatment Cover for Species;.j + Treatment Variable +

Block + Treatment Variéble x Block.
We used the same model, without covariables, for analysis of shrub density and shrub
height data. We used only the 2 dominant shrub species (shinnery oak and Oklahoma
plum) in our shrub canopy height analysis because, in multivariate analysis of varignce, all

shrub species must have a score >0 in a plot in order for that plot to be included in the
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analysis. Due to limited occurrence of 4 of the 6 shrub species, sample size became
prohibitively low with the inclusion of minor species (i.e., absence of a species in a plot
yields no score since height can’t equal 0). Additionally, shinnery oak, and Oklahoma plum
essentially defined the upper canopy level, due to their high level of abundance. In control

| plots, the combined canopy cover of those 2 species constifuted 94.3% of the total shrub
éanopy cover. We did not perform uniyariate mean separation tests because this would
violate the muitivairiate assumpti'on of a lack of indepehdence between dependent
variables. We do discuss numeric differences in independent variable means but no
statistical significance is attached to‘these comparisons.

To test for differences in cover, density, or height values between years, we used
the preceding mulfivan'ate modél with response period year (1997 | and 1998) as the
independent variable; this analysis included unburned plots only. We used only unburned
~ plots because the number of burned plots was higher for 1998 than 1997 and lumping data
across burned and unburned treatnients would bias overall responsé variable means
between years. Due to a significant year effect in the shrub density (P = 0.0246) model,
we analyzed 1997 and 1998 data separately. Canopy cover (P = 0.4533) and height (P =
0..91.73) data from 1997 and 1998 were combined because the effect of year was not

significant.

Environmental Data
We evaluated effects of individual soil nutrient variables on canopy cover of shrub
species using Pearson correlation analysis (SAS 1988). For this analysis we combined

1997 and 1998 data and analyzed data for burned plots separately from control plots, due
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to the potential for alterations in controlling environmental factors following burning. We
used partial canonical correspondence analysis (pCCA; ter Braak 19§8) to assess the
interactive effects of soil nutrient and fire treatment variables cSn shrub species abundance.

| Canonical correspondence analysis is a direct gradient analysis technique that ordinates
species relative to their position along specific environmental gradients (Palmer 1993). To
reduce noise and mofe specifically focus on treatment and environmental effects, we
square-root transformed shrub‘ species cover data and used study site as a covariable. We
evaluated the signjﬁcancé of the first canonical aﬁs in CANOCO using a Monte Carlo test
with unrestricted permutations (ter Braak 1998). Permutations were within blocks as
defined by the covariable “site”. Wg used CANOCO interset correl.ation output to
calculate the intraset correlaﬁons for environménta] variables. The intraset correlation was
equivalent to the correlation between an environmental variable and a given axis (ter
Braak 1986) and alldwed determination of the envirqnmental factors most responsible for
influencing a given axis.

We used CANODRAW (Smilauer 1990) to produce graphical output (a bi-plot) of
the pCCA; the bi-plot included the first 2 canonical axes, which represented the 2 |
strongest species-environm_eni gradients. In the bi-plot, arrows represented the influence
of continuous variables and the centroids of nominal variables are indicated by closed
triangles and open circles represent‘ species. The relative direction of arrows and position
of nominal variables was representative of vthe corrélation between a variable and a given
CCA axis. The position of species groups, relative to allrrows, or centroids, was

representative of the association between a species and a nominal or continuous variable. -
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Results

Multivariate Analysis of Variance

Season of burn influenced canopy éoyer of shrub species (P = 0.6001) (Table 4).
Shinnery oak cover decreased, relative to control plots, yvith fire in any season and most
markedly with spring fire. Cover of Oklahoma plum decfeased with spring fire and was
unaffected by winter or fall ﬂré. Sand sagebrus‘h cover decreased with fall and spring
burning and was not affected by winter burhing. Cover of fragraht sumac decreased with
fire in any season; cover values for this species were lowest with winter and spring ﬁre._
Leadplant was not recorded in fall Bum‘ed plots, and its cover did not change with winter
or spring fire, relative to control plots. Netleaf hackbet'ry was not recbrded in fall-burned
plots; cover was higher in wintef burned plots relative to épring burns. Time since fire
»inﬂuenced shrub species composition (P = 0.0745). Shinnery oak increased with
increasing time since fire, but, none of the other shrub species were affected. Annual
burning did not affect the cover of shrub species relative to single event fires (P = 0.2939).

Shrub species density was significantly influenced by season of burn in both 1997
(P =0.0001) and 1998 (P = 0.0007) (Table 5). Overall, shinnery oak and Oklahoma plum
increased in density with burning in any season, particularly winter and spring. Sand
sagebrush density decreased with fall fire in 199‘7, was unaﬁ'ccted by fall or spring burning
in 1998, and increased with winter fire, in either year, relative to control plots. In general,
fragrant sumac density decréased with fire in any séason, whiie fire had no clear influence
on leadplant and netleaf hackberry density in either year. Time since fire did not
significantly inﬂuenqe shrub species density (P = 0.2592). Annual burning significantly

" influenced shrub species density relative to single-event fires (P = 0.0046). This difference
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was largely due to increases in the mean density of fragrant sumac and lead plant in
annually-burned plots.

Average canopy height of the two dominant shrub species was influenced by
seaéon of burn (P = 0.0001) (Table 6). Shinnery oak height decreased with fire in any
season, most strongly with spring ﬁre.‘ The height of Oklahoma plum varied in a similar
manner in response to seasonal fire, but did .not decrease as sharply as shinnery oak.
Neither time since fire (P = 0. 1745) nor annual burning (P = 0.5906) affected the canopy

height of these 2 species.

Correlation Analysis

Univariate correlation analysis revealed that soil NOs-N cohtent was not related to
the abundance of most shrub species but was associated negatively §vith cover of
Oklahoma plum in burned pléts (Table 7). Soil P content was associated positively with
fragrant sumac cover in control plots while shinnery oak and Oklahoma plum were,
respectively, positively and negatively associated with soil P in burned plots. Soil K
content was associated positively with fragrant sumac and associated negatively with
netleéf hackberry in control pldts, and associated positively with leadplant in burned plots.
Soil pH had little fnﬂuencé on shrUb species cover but was correlated positi-vely with

fragrant sumac in control plots.
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Canonical Correspondence Analysis

Both the first canonical axis (P = 0.0050) and all axes considered simultaneously
(£ =0.0100) were significant ‘i_n the pCCA“analysis (Table 8). The eigenvalues for the first
two CCA axes were 0.021 and 0.001. Species-envirohment'correlations were 0.641 for
axis 1 and 0.342 for axis 2. Axis 1 explained 13.0%>of the variance in shrub species scores
and 63.5% of thé' shrub species-environment variation. Axis 2 explained 17.1% of the
cumulative variance in shrub species scores and 83.3% of the cumulative variance in shrub
species-environment variation. Intraset correlations r¢vealed that control plots and soil K
content had the strongest negative correlatioﬁs with axis 1, bwhile winter burning and time
since fire had the strongest positive correlations. Confrc)l plots and fall burning were most
strongly correlated with negative axis 2 scores; soil K content, annual fire, and spring fire

were most strongly associated with positive scores.

The bi-plot for the CCA (Figure 1) revealed a gradient of shrub species abundance
related to fire treatment and soil nutrient availability along axis 1. Positive scores were |
related to annual burning, bﬁming in any season and time since fire. Negative scores were
related to increasing séil nutrients and control plofs. Thé species gradient for axis 1 is
strongly related to fragraﬁt éum_ac. This species Wa‘s affected negatively by fire in anyv
season and associated positivély with increasing soil P, K, and pH. Leadplant was thé only
other species with an negative axis 1 score. Netleaf hackberry had the highest axis one
score and was associated with burning and increasing time since fire. Positive axis 2 scores
related to increasing soil nutrients, annual fire and spring and winter fire, while negative

scores related to fall burns, control plots, and increasing soil NOs-N. Leadplant scored-
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relatively high on axis 2, while other species clustered near zero. Oklahoma plum, shinnery
oak, and sand sagebrush were not influenced strongly by the environmental gradients on
along either axis. Both sampling years oriented near the eenter of the bi-plot. The main
difference between samp'ling years vtfas that the 1998 growing season was much drier than
that ef 1997 (Figure 2). Thus, composition of shrub species was not strongly affected by
variable precipitation, within the range of values encountered in this study. The fact that
our species gradients were relatively short (compared with environmental gradients) may
relate to our study design, in that sites Were chosen, in part, based on initial homogeneity

of species composition.

Discussion
Soils of shinnery oak communities are often cheracterized as nutrient poor
(Deering 1972, Pettit and Deering 1974, Peterson and Boyd 1998, Zhang and Zak 1998).
- In our study, abundance of several shrub species was related to soil nutrients. The strong
correlation between shinnery oak and soil P, post-fire, indicates that P may promote
increased growth rates or re-sprouting of this spécies. The negative pest-bum correlation
of soil P and Oklahoma plum may relate more to competitive interactions with shinnery
oak in the post-burn environment (i.e. shinnery eak was correlated positively with soil P).
Fragrant sumac was correlated positively with soii PandK in unburned plots. This
correlation became non-significant post-burn, indicating that burning treatment may erode

the relationship.
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In previous work (Boyd 1999a), I reported that effects of nutrient and fire
gradients on overall vegetation composition (herbaceous and woody plants inclusive) were
interrelated; soil P and K increased with fire, while soil NO3-N was higher in unburned
~ plots. However, when woody speciés are considered ‘in and of themselves, effects of fire
and soil nutrient gradients diverge vin multivariate space (figure 1). Thus, although some
soil nutrients may increase with burning, fire and nutrient effects move shrub commuhity
 species composition in opposing directions. I have also reported (Boyd 1999a) that, in
multivariate spacé, time since.ﬁ_re moves overall plant composition in a similar direction to
unburned plots. When only shrub species are ordinafed, time since fire moves species
composition in the opposite direction of unburned plots.‘ This discrepancy may bet due to
the fact that the positiVe effect of soil K on fragrant sumac abundance was abated with
burning treatment. Because fragrant sumac marked the negative species endpoint along
CCA axis 1, its relationship to environmental variables would exert a strong ihﬂuence on
tﬁe direction of environmental effects. The association of leadplant with annual burning in
the CCA bi-plot (Figure 1) may relate to the nitrogen fixing ability of this legume species.
Annual burning has been reported to decrease soil nitrogen availability and increase |
legumes (Towne and Knapp 1996).

The overriding impact of fire on the shrub community in our study was to increase
shrub stem density and decrease shrub height and canopy cover regardless of season of
burn. In other shrub dominéted systenis, woody species often decrease in abundance with
growing season fire (Fergusson 1961, Box and White 1969, Adams et al. 1982,
Glitzensteiﬁ et al. 1995). vIn our study, burning at the beginning of the growing season

(Spring) had the strongest negative impact of all burning seasons on canopy cover of most
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.shrub species and height of shinnery oak and' Oklahoma piufn. This méy relate to patterns
of carbohydrate allocation and storage, particularly of the dominant shrub, shinnery oak.
Boo and Pettit (1975) reported that carbohydrate storage in roots of shinnery oak Was ata
minimum during late April é.nd early May; vphenologically correspondingl to one-half to
two-thirds leaf expansion of this species. At the time of our spring burns, shinnery oak leaf
expansion was about 50%. Regrowth of stem aﬁd leaf material in spring-burned plots
would dictate that shinnery oak expend fadditiénal carbohydrate reserves at an
energetically costly phenolbgical stage. Alfhough our end4of;growing seasons burns (Fall-
October) did reduce shrub canopy cover, the decrease was not as strong as noted for
spring fires. Thié may relate to the timing of fall burns, whicfl occurred after the period of
peak carbohydrate storage and immediately prior to the dormant season. No re-sprouting
of any shrub species was noted in fall-burned plots prior to the onset of the first dormaﬁt
" season following fire. |

That all shrub species in our study were recorded in burned and unburned plots
suggests not only a fire-tolerant suite of shrub species but also a certain degree of niche
partitioning. All shrub species in our study resprout in response to topkill by fire. Three of .
these 'species‘ (leadplant, netleaf hackberfy,‘ and sand sagebrush) re-sprout from basal buds
or reproduce_ from seedlingé, ‘while thg remaining species are clonal and reprqduce mainly
by the spread of underground rhizomes. Matlack et al. (1993) sqggested that resource
partitioning among rhizbmatous s@bé in thé New Jersey Pine Barrens related to the
density of resprouts and percentage of buds along a rhizome that are activated following
top-kill of the associated clone. In 6ur study, fragrant sumac was usually found in

homogenous, well-defined “clumps” (Lacey and Johnston 1990) that were sufficiently
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dense to curtail invasion by other species (Petranka and McPherson 1979). Oklahoma |
plﬁm énd shinnery oak clones covered a larger horizontal area, but s.tem density within
clones was usually much less than that fragrant sumac. Non-rhizomatus shrubs
encountered in our study typically occurred in low abundance and had a scattered
distribution relative to their rhizomatous counterparts. This pattern of distribution
suggests that éeedlings of non-rhizom’atous species colonize and establish themselves on
microsites where competition with rhizomatous shrubs is minimal.

The overwhelming pre- and post-burn dominance of shinnery oak is probably
related to its Wéll4developed root system. Shinﬁery oakvproduces a thick growth of
rhizomes and shaliow roots in the top 30 cm of the soil_ profile (Sears 1982, Sears et al.
1986) and may produce deep roots capable of exploiting water reséurces at depths of 7m
(Mcllvain 1954). Such a root system allows shinnery oak to maximize capture of nutrients

-at a variety of soil depths and maintain large stores of carbohydrates. Shinnery oak was
the only shrub species in this study to increase in abundance (cover) with increasing time
since fire (Table 4), suggesting that canopy dominance of oak is maintained partly by a .
rapid return of this species to pre-burn cover levels. Although density of oak and other
shrub stems does not signiﬁcﬁntly decrease with increasing fir'ne since fire v(Ta.ble 5), the
numerical trend is downward, and we predict that self-thinning will eventually decrease

oak stem density to a level approximating that of unburned plots.

We believe that the dominance of vegetative reproduction by shrubs in shinnery
oak communities may represent an adaptation to what was likely a fire-prone environment

_ prior to European settlement. Vegetative reproduction has several advantages in fire-
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prone environments incl'udlng lack of dependence on successful flowering and germination
(Bradstock and Myerscough 1988), increased ability of juvenile plants to survive
environmental stress (Tllomas and Davis 1989), and fire tolerance at an earlier age
(Hoffmann 1998). Shinnery oak is a good example of how vegetative reproduction can
increase survival and persistence of a woody species in a disturbance prone environment.
Although genetic variability between shinnery oak clones suggests that this species at one
time reproduced sexually (Mayes et al 1998),' today shinnery oak reproduces-
predominantly (perhaps exclusively) from resprouts from buds located along rhizomes
(Mueller 1951). Although fire may'topkill all or most of the above-ground oak stems in a
clone, the below ground buds‘will’.remain protected, allowing for rapid recovery of this
species post-fire (Slosser et al. 1985). Resprouting also is hastened by an extremely high
root:shoot ratio, perhaps l3;l (Pettit and Deering 1971). Similar strategies are employed
by woody plants in other fire-prone systems (reviewed by Lacey and Johnston 1990).
Other less fire-tolerant oak species in Oklahoma reproduce predominantly through sexual
reproduction and historically occurred in savannahs (Johnson and Riser 1975) or scattered
forests that resulted from chance protection from fire events (Rice and Penfound 1960)

(compared with the more continuous spatial coverage of shinnery oak).

Conclusions and Management Implications
Shrub cover .(mainly ’shinnery oak) dominates shinnery‘ oak communities on the
- present day landscape.. Our data indicate that prescribed fire in fall, winter, or spring will
increase density, and decrease canopy cover and height of shrub species in these

communities. Shrub cover and height are most negatively affected by spring fire, and least
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by fall or winter fire, while shrub density increases most with fall and winter fire and least
with spring burning. Fire-induced alterations in shrub composition of shinnery
communities ztre due to top-kill of shrubs by fire and subsequent re-sprouting, either from
rhizomes are basal buds. Oui data indicate that coVer of the dominant shrub, shinnery oak,
returns rapidly to pre-burn levels, implying that frequent fire (e.g. < 5 year fire return
interval) may be necessary to maintain fire-induced alterations in abundance of this
species. The resiliency of this shrub community to fire is highlighted by thé fact that only 1
of the 6 shrub species decreased in abundance ‘(cover) with annual burning, relative to
single-event fires.

In a regional context, the land area covered by shinnery oak communities has
decreased markedly relative to its hypothesized pre-European distribution, in part due to
herbicidal treatment of lands that are grazed by domestic livestock (Peterson and Boyd
1998). Herbicidal treatment may severely reduce 'shinnery oak abundance (Pettit 1979,
Jones and Pettit 1984). This decrease in spatial extent of shinnery communities has
ramifications to wildlife habitat and biodiversity, as well as soil stability given the soil-
stabilizing role of shinnery oak (Lotspeich and Everhart 1962). Our data. indicate that the
use of properly_-timed prescribed fire may be short-term alternative to the,use of herbicides
in shinnery oak reduction programs. The use of fire would allow land Inanagers to have
some control over the abundance of shrub species, ‘without drastically reducing their
abundance. Additional work is needéd to determine the efficacy such efforts over an

extended temporal horizon.
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‘Table 1. Common, scientific names, and acronyms
of shrub species found in study plots in western
Oklahoma. :

Common name Scientific name Acronym
Shinnery Oak Quercus havardii QUHA
Oklahoma Plum  Prunus gracilis PRGR
Sand Sagebrush  Artemisia filifolia ARFI
Fragrant Sumac  Rhusaromatica =~ . RHAR
Lead Plant - Amorpha canescens ~~ AMCA
Netleaf Hackberry -Celltis reticulata CERE

62



Table 2. Year, season of burn, burning date,

and sample size for prescribed burns in western
Oklahoma. :

Burning

Year  Season date n
1996 Fall Oct. 23-24 3
1997 Winter Feb. 4-5 6
1997 Spring ~ April 28-29 6
1998 Fall Oct. 1 3
1998 Winter Jan. 27-28 6
1998 Winter (annual) Jan 27-28 3
1998 Spring April 30-Mayl 6

2

1998 Spring (annual)  April 30-Mayl
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Table 3. Variable type, acronym and data range for variables used in the statistical

analysis of shinnery oak vegetation.

_ Data
Variable type =~ Variable Acronym range*
Treatment Season of burn.
Control (unburned) SOBC
Fall SOBF
Winter SOBW
Spring SOBS
‘Time since fire**
One year TSF1.
Two years TSF2
Fire frequency
- Single event fire ANNUALO
Annual fire ANNUALLI
Environmental Soil nitrate (kg/ha) NO3 3-66
Soil phosphorous (kg/ha) P 15-34
Soil potassium (kg/ha) K 68-320
Soil pH ' pH 5.5-6.6

* Data range values for 1997-1998.

** Equivilant to the number of growing seasons since fire.
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Table 4. Canopy cover for shrub species by year and fire treatment for experimental plots in western Oklahoma. Acroynms are

from Table 1. .
, Species
Treatment QUHA PRGR ARFI RHAR AMCA CERE
Year variable n PValue* x S x S x SE x SE -x SE X SE
‘ ’ % Canopy cover
1996 Control . 36 40.0 16 108 1.5 1.5 _0.2 1.2 0.5 03 0‘,2 0.01 0.01
1997-1998 Season of burn - 72 .0.0001 :
Control - 27 556 22 145 22 19 03 22 07 01 01 003 003
Fall : 9 495 57 100 23 10 04 12 10 00 00 0.00 000
Winter 18 451 32 129 23 20 04 05 03 02 01 005 003
Spring 18 291 30 75 18 07 02 04 02 03 02 001 001
1997-1998 Time since fire 46 0.0745 : N
One year _ 37 364 235 103 1.4 1.2 0.2 _ 0.6 0.3 0.2 01 0.02 002
Two years 9 520 44 103 27 12 05 03 02 01 01 002 002
1997-1998 Annual 46 0.2939
Single event fire 41 40.1 235 106 1.3 13 02 0.6 03 0.1 01 002 002
Annual fire 5 364 9.1 77 4.5 10 04 0.5 0.5 05 05 000 000

* P value is for with the Wilks' Lambda test statistic associated with the treatment variable effect in the model : Species ;; = Treatment Variable
+ Block + Treatment Variable*Block .
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Table 5. Stem density for shrub specie

s by year and fire treatment for experimental plots in western Oklahoma. Acroynms are

from Table 1. '
| , Species
Treatment QUHA PRGR ARFI RHAR - AMCA CERE
Year variable n PValue* x SE x SE x SE x .SE x SE x SE
c ' Stem density (stems/m?)
1997  Season of burn 36  0.0001 _
Control 21 23 14 25 04 06 02 02 01 00 00 00 00
Fall - 3 495 98- 47 25 00 00 00 00 00 00 00 00
Winter 6 395 58 13 26 26 I4 00 00 00 00 00 00
Spring 6 375 72 92 42 03 02 21 21 00 00 00 00
0.0 -
1998  Season of burn 36 0.0007 A
Control 6 178 33 29 08 03 03 09 06 00 00 00 00
Fall 6 423 42 64 22 04 04 00 00 00 00 00 00
Winter 12 369 36 96 25 44 13 00 00 00 00 03 03
Spring 12 342 39 68 18 08 04 03 03 08 08 00 00
Time since fire 30 02592 A _
One year 21 380 30 87 17 23 08 02 02 05 05 00 00
Two years 9 343 26 58 15 18 L0 00 00 00 00 00 00
Annual 30  0.0046
Single event fire 25 366 23 15 12 24 07 00 00 00 00 00 00
Annual fire 5 387 86 92 55 09 09 06 06 19 19 00 00

* P value is for with the Wilks' Lambda test statistic associated with the treatment variable effect in the model : Species ij = Treatment Variable
+ Block + Treatment Variable*Block .




Table 6. Average canopy height for shinnery oak and Oklahoma plum by year
and fire treatment for experimental plots in western Oklahoma. Acroynms are
from Table 1.

: Species
Treatment ‘ QUHA PRGR
Year ~ variable n PValue* X SE Xx SE
, ' Canopy height (cm)
1997-1998 Season of burn 57 0.0001 ’
' Control 21 665 1.5 48.0 2.6
Fall -6 420 30 376 3.8
Winter 14 443 1.5 393 21
Spring 16 383 11 344 1.8
1997-1998 Time since fire 37 0.1745
) ‘One year 30 406 1.1 359 15
Two years 7 462 2.1 430 15
1997-1998 Annual 37  0.5906
Single event fire 32 - 420 1.1 380 12
Annual fire 5 . 396 4.2 323 6.5

*p vélue is for with the Wilks' Lambda test statistic associated with the treatment
variable effect in the model : Species;; = Treatment Variable + Block + Treatment
Variable*Block . ' ' ’
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Table 7. Correlation coefficients for shrub species canopy cover and environmental variables for experimental plots in western Oklahoma.

Acronyms are from Table 1.

Environmental Mean Species
variable _Treatment - n X SE__QUHA PRGR ARFI © " RHAR AMCA CERE -
' ) Correlation coefficient

Soil nitrate (kg/ha) Control - = 27 273 32 0235 0.279 0.210 0.073 0.084 0.273

Bumed ~ 45 202 22 0.139 0.452* 0.077 0.179 -0.064 -0.037

Soil phosphorus (kg/ha) Control 27 16.9 0.4 0294 0322 0.263 0.527 * 0.313 0.388

Bumed 45 193 0.7 0.420 * 0.437 * 0.303 0218 0.123 -0.056
Soil potassium (kg/ha) Control 27 1676 7.6 0.240 0.133 0.140 0.450 * 0.093 -0.109 **

Bumed 45 1889 5.4 -0.093 - 0.013 0157 - 0.054 0.384 * 0.083

Soil pH Control 27 6.0 00 '0.315 0.254 0.301 0.348 ** 0.700 0.071

Bumned 45 6.1 0.0 - 0110 0.008 .0.010 0.108 0.159 0.193

*P <0.05 " N

**P >0.05and <0.10




Table 8. Relationship between environmental and treatment
variables in the partial canonical correspondence analysis
of data from experimental plots in western Oklahoma.

Acronyms are from Table 3.
o Axis 1 - Axis?2
Eigenvalue 0.021 0.001
Species-environment
correlation 0.641 0.342
Cumulative percentage |
Variance of’ . o
~ Species data 13.0 17.1
Species-environment relation 63.5 83.3
1997 ' / -0.019 -0.069
1998 0.019  0.069
SOBC -0.596 -0.332
SOBF 0.040 . -0.400
- SOBW - 0470 0.270
SOBS 0.198 0.452.
TSF2 0312 -0.077
ANNUALI1 - 0.040 0.459
NO3 - -0.108  -0.173
P -0.199 0.172
K -0.448 0.618
Ph -0.242 0.052
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Figure 1. Bi-plot of the first two axes of the partial canonical correspondence analysis.
Continuous variables are represented by their arrows, and nominal variables by solid

triangles indicating their centroid. Species are represented by open circles. Acronyms are
from tables 2 and 3.

70



CCA Axis 2

+0

_ANNUALT
_SOBS
_SOBW
1998 CcERE
© ARFT -
: TSF2
SOBF
~0.5 ' T T 10.4
CCA Axis 1

71




Flgure 2, Growmg season precipitation by month durmg the study period. Long-term
average (normal) precipitation data are from USDA (1982).
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CHAPTER IV |
THE EFFECTS OF FIRE BEHAVIOR ON SHINNERY OAK
(QUERCUS HAVARDII Rydb.) PLANT COMMUNITIES IN |

-~ WESTERN OKLAHOMA

Abstract

Knowledge of the response of shinnel;y oak (Q?ercus kdvardii Rydb.)
corﬁmunities to fire is limited. Our objective was to documegt behavior of fall (October),
winter (January-February), dr spring (April-May) prescribed fires and explore the -
influence of fire behavior on vegetation dynamics of shinhery oak communities. Three |
study sites were located in western Oklahoma at each site, 10 60 x 30 m plots were
* burned during 1997-1998. Weather and fuel loading data were collected immediately prior
to burning and residual fuels were _estimatéd after burning. Flame depth (Fp) and rate of
spread (R) were estimated during burning, and ﬂfeline intensity (Ig), heat per unity area
(Ha), fuel consu»mptionv (Cf), and ;eaction intensity (iR) were calculated post-fire. Canopy
cover for herbaceous an d woody speciés, and stem density of woody species was
estimated during theb first growing season after fire. Effects of fire béhavior variables on
canopy cover of 8 vegetation classes were ana]yzed using multivariate analysis of variance.
Individual vegetation classes were related to fire behavior variables using Pearson

correlation analysis. The influence of fire behavior on shrub stem density was evaluated
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using simple regression. Fuel loading Was similar across burning seasons but more 1 hour

~ live and less 1 hr dead fuel was found in fall burn plots relative to winter and spring. 7
Fireline intensity, Ha, Cr, and I were highest with spring and fall burning and Fpwas
lowest for fall bpms (P <0.1000). Fuel load and wind 's:pe'ed had a strong influence on fire
behavior. Shrubs, little bluestem, rhizomatous tallgrass, and 6ther perennial grass covér
were correlated with fire b_eha‘Vi@ (P< 01 000). Heat per unit area (P = 0.0415) ahd Cr
(P =0.0462). influenced -.multivzil‘iate"‘coiﬁmlvlni;t‘y' compbsition. Heat per unit area (P =
0.0172, = 0.1865), Cs (P = 0.0178, = 0’.1“846)vand IR(P= 0.0585, > = 0.1309) were
“positively related to shnib stem density. S;‘)‘eciﬁc influences of ﬁre behavior appear less
important than the influence éf burning per se. Season of burh and fire behavior rﬁay

interact to influence both shrub canopy cover and shrub stem density.

Key words: Oklahoma, prescribed fire, multivariate analysis of variance, shrub

ecology.

Introduction
Shinnery oak (Quercus kayardii R'ydbv.) and associated vegetation occur in west
central Oklahoma, nortﬁem Texas, apd southe‘astemvNew Mexico. Peterson and Boyd
con$ewativély esti'mated that shinnery ‘.oak fangelands covered at least 2 million hectares in
| those states (Peterson ahd Boyd 1998). Historical accounts indicate that shinnery oak
communities were structurally dominated by tallgrasses with shinnery oak in the
understory; oak stems did not commonly exceed 45 cm in height (Marcy 1854, Osborne

1942). Today, shinnery may constitute 80% of canopy cover (Dhillion et al. 1994), the
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abundance of tallgrasses has decreased, and oak stems may reach 1 m in height in western
Oklahoma (Peterson and Boyd 1998). This increase in oak stature and canopy cover can

: negatively affect recruitment of herbaceous seedlings (Holland 1994), leading to lower :
herbaceous plant production.

Structural and cOmpositional changes in shinnery oak communities have often been
described as being the products of nlis;management of grazing livestock (Duck and
Fletcher 1944, Jackson and,DeArment' 1963, Pettit 1994). While grazing practices have
undoubtedlv influenced both small. and large scale vegetation dynamics, it is difficult to
evaluate the effects of liVestock grazing in any svstem without simultaneously considering
the historical inﬂuence of fire (Box 1967). The diminutive stature of shinnery oak in
historical references may indicate‘a somewhat reliab'leand strong influence of fire, given
the susceptibility of this species to top-kill by fire. Prescribed spr1ng fires may result in
dramatic increases in herbaceous plant phytomass in years of adequate rainfall (McIlvain
- and Armstrong 1966, Mcllvain and Shoop 1965), and a high percentage of shinnery oak
stems may be top-killed (Slosser et al. 1985).

To evaluate the historic and potential role of fire in shapingl shinnery oak
community plant cornpositio_n, the overall fire regime must be explored. This involves
examining effects of fire frequency, season of burn, and fire behavior on plant community
dynamics.' F ire behavior has been shown to inﬂuence post-bum plant community dynamics
in a wide variety of vegetation types (Arrnour et al. 1984, Engle and Stritzke 1995,
Glitzenstein et al. 1995). I have previously discussed the influence of season of burn and
fire frequency on vegetation dynamics in shinnery oak communities (Boyd 1999a, 1999b).

To date, there has been no published work on effects of fire behavior on shinnery oak
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vegetation. Our objective was to document fire behavior characteristics for different
- burning seasons and explore the influence of fire behavior on vegetation dynamics in

-shinnery oak communities in western Oklahoma.

Methods
Study Sites

Study sites were located on the Black Kettlve National Grassland in Roger Mills
County, Oklahoma (35° 32” 44> N, 99° 43’39 W), and the _staté—owned Packsaddle
Wildlife Management Area 1n Ellis Coﬁnty, Okléhoma (36° 4 22;’ N, 99° 54° 5”’ W)
Sites were chdsen subjectiYer to be representative of shirmery oak communities found on
sandy soils within the western Oklahoma region. All sifes were lightly grazed by cattle
during the growing season before study initiation and Weré ekéluded from grazing in 1995
. and throughout the course of the study. Before our study, thése sites had not burned ona
regular basis and had not burned for at least 10 years.

Soils were fine sands (Nobscott-Brownfield Association) with no limiting layers in
the top 150 cm.(U SDA 1982). Shinnery oak, a decidupus, clonal species_, was the
dominant shrub with lesser amounts of sa'n(i sagebmsh (Artemisia filifolia Torr.) and |
Oklahoma plum (Pmnus -g}acilis Engelm.). Dominant grasses and forbs included little
bluesterﬁ (Schizdchyrium scoparium Nash), indiangrass (Sorghastrum ndtans Nash),
switchgrass (Panicum virgatum L.), sand bluestem (Andropogon gerardii Hack ), sand
lovegrass (Eragrostis trichodes Nuft.), sideoats grama (Bouteloua »curtipen'dula Michk.),

western ragweed (Ambrosia psilostachya DC.), erect dayflower (Commelina erecta L.)
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and sundrop (Calylophus berlandieri Spach). Average annual precipitation was 65.6 cm;

growing season (March-August) precipitation averaged 40.6 cm (USDA 1982).

Experimental Desigh |

We divided each of the 3 study sites (blocks) into 12 60 x 30 m plots. Plots were
arranged in a 2 x 6 matrix and ‘separated.by 7m firebreaks. We randomly assigned each of
the plots w1thm a site to cohtrol treatmgﬁt (unburned) or burning in fall, winter, or spring
of 1997 or 1998. Treatment response data was coilected durihg the growing seasons of
1997-1998. Only data from burned plots, for the first gro@ing séason following fire, were
used in our analyses herein. Response data frofn 1997 and 1998 were combined for

statistical analysis.

Fire Ignition and Behavior‘

We conducted all Bums with ambient weather conditions of aif temperature <
30°C, g_roundwind speed <16 km/hr, and relative humidity of >20% (Table 1). We burned
thev plots using a stn'p-headﬁring technique (Wﬁght and Bailey 1982). We ignited the
.‘ downwind and ﬂahk sides of the plots and allowed the ﬁfe to burn abduf 5>_m into the plot.
'We then ignited a headﬁre abdht 10 m upwihd from the backfire; we recqrded fire
béhaVior for 3 such headfires on each plot. Immediately pﬁor to igniting fhe ﬁrst head fire

on a plot, we measured temperature and humidity using a sling psychromter and
windspeed at 2 m vab'oxilegrouhd was measured using a totalizing anemometer. We
estimated réte of spread of the headfire (m/sec) by timing movement of the fire front

between 2 m stakes placed in the path of the fire prior to ignition. The stakes were placed
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5 m apart and oriented perpendicular to the path of the headfire. Flame depth (m) wasv
estimated concurrent with rate of spread by visually estimating the width of the active
ﬂéming zone as the fire passed between the‘ stakes. - |

We measured fuel lo‘éding jus_t pfior to burning by clipping all herbage and
collecting alllli_‘tte’r‘ pfesent in 5 randomly placed 0.25 m’ quadrats at each plot. All fuels
except live shrub material were ,collécted. Fuels were separated into 1 hr live (< 0.6 cm
d'iameter), 1hr dead, 10 hr dead (0.6 to 2.5 cm diameter), and 100 hr dead (>2.5 cm |
diameter) classes (Table 2). vWe.ccl)llected pla'n't‘.residue immediately post-fire from 5 paired
0.25 m? quadrats; we dried and -Weighed this material and calculated fuel consumption
(kg/m?) as the weight of poSt-bum residue (kg/mz) subtracted from the pre-burn fuel load
(kg/m®). F uel moisture was calculated on a dry weight basis.

We estimated fireline intensity (kW/m) using the Byram (1959) equation: I = Hwr,
where H is the low heat of 'combustioﬁ (kJ/kg'I); w is the weight (kg) of fuel consumed>
per unit area (m?), and r is the rate of fireline spread (rh/s). Low heat of combustion was
calculated by Subtracting values for latent heat absorption (1263 Kj/kg; Alexandér 1982). |
and fuel moisture content (23.9 Kj/kg for every percentage point of rﬁoisture content;
| Rbbens etal. 1988). We calculated heat per unit area (kJ/m%; ie., fhe arhount of energy
release per unit of active flaming zone) by dividing fireline intensity (kW/m) by rate of _
spfead (m/sec; Rothermel and Deeming 1980). We caiculated reaction intensity (kW/m?;
i.e., the rate or energy release per unit of active flaming zone) by dividing fireline infeﬁsity
(kW/m) by flame depth (m; Alexander 1982). Reaction intensity values for 2 plots which

were >4 standard deviations from the mean value were not used in statistical analyses.
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Vegetation Sampling

Because of the ignition pattern, the outer 5 m of piots were excluded from
vegetation sampling to eliminate differential effects of headfires, backfires, and ﬂankﬁfes.
We estimated canopy cover for éach plot,'by species, at 30 randomly located points
(Daubenmire 1959). At each point, canopy cover of each species influencing a 20 x 50 cm
quadrat was cétegorized as 0-5%, 5-25%, 25-50%, 50-75%, 75-95% or 95-100%. We
averaged mid-point values to obtain an estimate of canopy cover of each species in a plot
fora givén.s‘ampling pédod. We estifrllated Cariopy' cover.during 3 sampling periods: 25-31
May, 6-22 June, and 8-17 August of 1997—1998. We estimated shrub stem density in
September of 1997 and 1998 by countiﬂg the number o_f above-ground stems present in 10
randomly located 0.50 m’ quadrats per plot. We defined stems as shrub plants having a
unique above-ground base. Nomenclature followed that of the Great Plains Flora
Association (1986) with the {ex’ceptiori of little bluestem (i.e. Schizachyrium scoparium).
We created summary variables to represent th¢ sum of all canopy cover values for
a given vegetation class, in a given plot and year (Table 2). Average seasonal canopy
cover values for vegetatioh classes were calculated by averaging canopy cover yalues by |
plot,‘clxass,: and year (West and Reese 1996). Our wﬁs to combine species that respond
similarly to environmental perturbation and redﬁce data to a meaningful level for analysis
‘and presentation. Annual and perennial fobs may respond positively to fire (Mcllvain and
Armstrong 1>966), but, because annual forbs may be more sensitive to other environmental
factors (Baziaz and Morse 1991), they were grouped separatel.y‘ Legumes (woody and
non-woody) were grouped because they often respond positively to fire (Towne and

Knapp 1996) because of their ability to fix nitrogen in the nitrogen dynamic post-fire
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~ environment (Pyne 1996). Rhizomatous C, tallgrasses were grouped because of their
similar reproductive strategy and their generally positive response to fire (Towne and
Owensby 1984). Little bluestem was classified by itself because it was the dominant grass
species in unburned plots. Additionélly, ‘the bunchgrass growth form of little bluestem
differed from other dominant grassés, which were mainly rhizomatous, and little bluesfem
often decline§ following fire (Ewmg and Engle 1988, Towne and Owensby 1984). All
remaining perennial grasses, predomihanfly bunchgrasses, wéré grouped together.
Dominant species in this grohping includeci sideoats grama, sand lovegrass, and sand
dropseed (Sporobolus cryptandrus Torr.). All other shrub spécies were grouped and
represent the fnost abundant vegetation class. The only C3 sedge species encountered

(Cyperus schweinitzii Torr.) was classified by itself.

| Statistical Analysis

We assessed ﬁre behavior effects on vegetation canopy cover using multivariate
analysis of vari;mce (Stroup and Stubbendieck 1983, SAS Institute Inc. | 1988) with
vegetation classi; as thg‘dependent variables and fire behavior variables as the main effects.
We evaluafed'treatment significance using the P value associated with the Wilks’ Lambda
test statistic (Johnson ana Wichern 1992) for the fire behavior variable. We used one-way
analysis of variance (SAS Institute Inc. 1988) to test for differences in fire behavior
between seasons of burning. When significant F-values were found, we used protected
multiple comparisons (LSD) (Steel and Torrie 1980) to detect differences between
seasons of burn. We evaluated the relationship between fire behavior variables and

individual vegetation classes, fuel loading and weather using Pearson correlation analysis
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(SAS 1988). Simple regression (SAS 1988) was used to determine the effects of fire

behavior variables on shrub stem density.

Results

Exceptl for rate of spread, all fire behavior variables were affected by season of
bufn (P =<0.1000) (T}able 4). Flajhe depth was' lower for the fall burning season but did
not differ between winter and sbrihg. Fireline intensity, heat per unif area, and fuel |
combustion weré highesf for fires in sprlng and fall but di‘d not differ between fires in fall
and 'wintef. Réactioh intensity was lower for winter burns but did not differ between fires
in spring and fall. | |

Flame depth was negatively assdciated with relative humidity, fuel moisture, and 1
hr live fuel Weight (Table 5). Rate of spread and fireline intensity were associated
| positively with wind speed and fireline inteﬁéity correlated positively with 100 hr dead fu_el
| weight. Heat per unit area was associated positively with air femperature, total fuel load,
and 1, 10, and 100 hr dead fuel weights. Reaction intensity was’correlat.ed positively with
total fuel load and 100 hr dead fuel weight. Generally spéaking, rate of spread and ﬁreliﬁe
intensity were .most influenced by weather. Heat per hnit éréa, fuei C§nsumptiom and
reaction intensity weré most influenced by fuel loadi‘ng'.» Flame dépth was influenced by
weather, fuel méiysturé,‘ and fuel loading. |

Shrub cover was associated negatively with rate of spread (Table 6). Little -
bluestem cover was associated positively with rate of spread and associated negativély
with heat per unit area, fuel consumption, and reaction intensity. Cover of tallgrasses was

correlated positively with rate of spread. Other perennial grasses were related negatively
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to ﬂame depth, heat per unit area, and fuel consumption. None of the remaining vegef_ation
classes, or bare ground, were correlated with any of the fire behavior variables.

Flame depth (P = 0.3115), rate of spread (P = 0.1991), fireline intensity (P =
0.5832) and reaction intensity P= v0.6i49) did not affeet the multivariate abundance of
vegetation classes,.while the effect of heat per unit area (P =0.0415) and fuel
censumption (P = 0.0462) was signiﬁcant (Table 7). Flame depth (P=0.6743,r* =
0.0064), rate of spread (P =0.2957, I’ = 0.0390), and ﬁreline‘i'ntensity P= 6.4878, r=
0.0173) did not influence posffbum shrub den'sbit;', but heat per unit area (P =0.0172, r* =
0 1865), fuel consumption (P = 0.0178, r* = 0.1846) and reaction intensity (P = 0.0585, I*

- =0.1309) were associated positively with shrub density (Figure 1).

. Discussion

Fuel loading and fire behavior in shinnery oak communities have not been
previously reported. In our study, the weight of 1 hr dea}dvfuels comprised the majority of
the total fuel load. Fuels in this category included herbaceous matter, shrub leaf litter, and
twigs. As a fuel type, shrub leaf litter is often associated with low intensity fires (Engle and
Stritzke 1995). In shinnery oak communities, oak leaf liftef:oﬁen accounts for the majority
of the 1 hr dead fuel load, but fireline intensity valueé may remain high if sufficient
herbaceous litter is present. Herbaceous litter ignites more readily than oak leaf litter and
may increase combustion of the leaf litter component. Decreased availability of 1 hr dead
fuels in our fall burns relative to burns in winter and spring (Table Z) was related to plant

phenology because fall burns took place prior to the end of the growing season. Thus,
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herbaceous plarit matter and shrub leaves that were green during the fall burning period
had senesced prior to the spring and winter burning period. Correspondingly, 1 hr live

fuels were most available during the fall burning peﬁod.

The severity of fire behavipr measures was generally higher for spring and fall
burns compared with winter burns (Table 2) Less severe fire behavior in winter may relate
to air and fuel temperatures, elthough our cerrelation analysis (Table 5) indicated that only
treat per unit area and fuel .corrsumption werecor,rel‘ated significantly with ambient air
temperatUre. The re1ati§/ely shallow ﬂeme depth of fall fires (Tabie 4) relates to increased
ravailability of 1 hr live tirels‘ for the fall burning period (Table 2). One hr live fuel
availability was correlated negatively with flame depth (Tabie 5) in our study, reflecting
higher energy inputs needed to maintain combustion of a fuel with high moisture content
(Pyne et al. 1996). Altheugh a\‘/ailabil'i,ty. of 100 hr dead ﬁrelé was negligible, 4 fire

.‘ behavior variabtes were correlated positively with availability of this fuel class ‘(Table 5).
The influence of fuels in this time lag class on fire behavior rrtay relate to total fuel
accumulation. Presence of 100 hr dead fuels indicates a relatively long disturbance-free

- period during Which"fuels of all size classes may increase. Heat per unit area, fuel

consumption, and reaction intensity were correlated positively with total fuel load (Table

5).

Fireline intensity and heat per unit area are often used to characterize fire behavior
in a vegetation type. Values for these parameters (Table 4) were generally higher than
reported for other woody plant dominated systems in North America (Armour et al. 1984,

Engle and Stritzke 1995, Glitzenstein et al. 1995), with the exception of California
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chaparral. Our results may relate to the fuel arChit_ecture of shinnery oak communities.
Shinnery oak, the dominant shrub species‘ in our study plots, is a low-growing (0.5 to 1 m)
“shrub underlain by herbaceous plants. The canopy hgight of fine fuels is high enough to
heat and ignite fuels in the shrub o{'erstory. Thus, ﬁrés in these communities are often
characterized by simultaﬁeous combustion of ground-level ﬁne ﬁlcls and the overstory
shrub component, iﬁcreasiﬁg the arpountoffhel that is combusted. It should be noted that
fire behavior measurements 1n our study weré taken fr'Om 10 m strip headﬁres that were
contained within the bbundariés of relatively small ploté (60 x 30 m). Pyne et al. (1996)
reported that ﬁre‘ behavior may become more extreme as é function of tim¢-since—ignition
until fire behavior reaches a “quasi-steady;étate.” T hﬁs, management burns encompassing
larger areas may exhibit more extreme fire behavior than recorded in our experimental

plots.

The influence of fire behavior variables on shrub stem density in this study is
somewhat unique, in that 3 variables had no effect on stem density; while heat per unit
area, fuel consumption, and reaction intensity were reiated pqsitively to stem density
(Figure 1). Increased_ Stem density following fire is a common response of vegetatively
reproducing shrub species (Lacy and Johﬂson 1990, Matla,d% et al. 1993, Petranka and
| McPherson 1979). Shinnery oak and Oklahoma plﬁh, tile dOminant shrubs in 6ur study,
reproduée predorﬁinanﬂy through Qegetative meéhs and incréase in“density following fire
in any season. However, the increase in stem density with increasing values of heat per
unit area, fuel consumption, and reaction intensity is perplexing. In other woody plant

dominated systems, stem density is often negatively related to fire behavior variables. For
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instaﬁce, Sparks (1996) reported that increasing rate of spread, reaction intensity, and
fireline intensity decreased woody plant stem density in Quercus-associated understory
communitie§ in Arkansas. Working with sandhill oak communities in Florida, Glitzenstein
et al. (1995) found increasing’ top-kill of oak with increasing fire temperature. Trollope -
(1984) showed that fireline intensity was correlated positively with mortality of trees and

shrubs in South African savannah systems.

The increase in post-bum sfem density with ihCrgasing heat péf unit area, fuel
c‘on‘sumpbtion, and reaction intensity noted in thls study may be related to the negative
affects of these ﬂr e variables on competing vegétaﬁoh. Little blugsfem, the dominant grass
species in unburned plots was correlated negatively with all»é variables (Table 6). Post-
burn shrub density wés correléted negaﬁvely with little bluestem canopy cover (P =
0.0668, R = -0.339). Thus, a ‘redlictibn in cover of the dominant gréss species may
increase the area available for colonization by shrubs and the,vsubsequent density of shrub
re-sprouts. An altemative explanation would be that top-kill of rhizomatous shrubs
increased with increasing values of these 3 fire behavior variables, thus promoting re-
spfdutingvand -iﬁcreésing shrub density. However, fires on plots in this study were
generally continuous and top-kill of above-ground shrub Js,terhs was nearly complete,

regardless of fire behavior, making this hypothesis less tractable.

The most influential fire behavior variables on canopy cover of individual
vegétation classes were rate of spread, heat per unit area, and fuel consumption (Table 6).
The decrease in shrub canopy cover with increasing rate of spread may be a by-product of

increases in cover of little bluestem and tallgrasses with increasing rate of spread. These
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two vegefation classes comprise the majority of herbacebuscanopy cover and may

compete with shrub re-sprouts in the post-burn environment. The positive correlation of
rate of spread and little bluestem is puizling in that this species is thought to decline with
extreme fire behavior (g. g. EWing and Engle 1988); conversely, littlé bluestem was

correlated negatively v‘ﬁth heat pef ufﬁt area and fuel consumpti_on,’ as were other grasses
(niainly bunchgrésses; Table 6). These relationships suggest ihat bunchgrasses in this study |
were more sensiti\}e to fire behavior meassres that vincorpor‘ate the rate and amount of'

energy release on a per unit area basis.

The lack of correlatlon of forbs or sedges with any fneasure of fire behavior (Table
6), combined with the fact that only 2 of the 6 fire behavior vanables significantly affected
overall plant commumty composition (Table 7, suggests that factors other than fire
behs.vior are influencing the post-burn plant community; On’e'suc:h factor may bé the
influence of fire on shrub canopy cover and bare ground. In unburned shinnery oak
commﬁnities, the ground-level interspaces are often covered with oak leaf litter to depths
of 8 cm, shrub’canopy may exceed 70% (Boyd 1999a), and abundance of many grass and
- forb speciesv is correlated positively with bare ground (Dhillidn_‘ et al. 1994, Holland 1994,
Boyd 1999a). Fire greatly increases bare ground, and herbaceous vegetation classes are
released from control by leaf litter (Boyd 1999a). Addi‘tio‘nally, fire reduces overstory
shrub cover. which r:nay'temporarily elevate incor;ﬁrig solar radiation to the understory and
benefit shade intolerant herbaceous species (Bowles and McBride 1998, Nasser and Goetz
1995). Within our study, bare ground increased and oVerstory shrub cover decreased in allk

burns, regardless of associated fire behavior. In fact, none of the fire behavior variables in
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this study were correlated with availability of bare ground and only rate of spread
correlated with shrub canopy cover (Table 6). Thus, burning per se may be a more
important influence on bare ground and dveretory shrub cover than fire behavior at the
time of burning.

I previously reported that season of burn can inﬂuence. post-fire 'plant community
composition (Boyd ‘1 999a). Themajor ple.nt commullity differences between burns in fall,
‘winter, and spring were decreased shrub cover vWith spﬁng burns, and an increase in forb
canopy cover with fall bumingf In 'the present work, we repoft that fire behavior varies by
sveason. of but'n. This raises the qu}esti‘ori of whether seasort of burn and fire behavior
interact to influence pest-ﬁre'Vegetattion ‘co‘mposition. We found no relationship between
any fire behavior variable and forb abundance, suggesting that season of burn is more
important in influencing this component of the plant community. Cahopy cover of shrubs
was correlated negatively with rate of spread (Table 6) and although rate of spread did not
vary betWeen' burning seasons (Table 4), the numerical trend ihdicates highest values with
spring fire. This relationship suggests that low canopy cover values for shrubs in spring-
bumed plots may be related to fire behav10r For shrub dens1ty, we would predict (Figure
1) that spring burns, whlch had the highest heat per unit area and fuel consumptlon would
produce the highest post-bum shrub stem density values and winter burns, which had the
lowest values for these behavior variables, -wduld produce the loWest pest-burh shrub
densities. However, shrub density did ‘not differ by season, and the numerical trend was
actually the opposite of that predicted above (i.e., lowest shrub stem density with spring

fire; Boyd 1999b). Thus, it is possible that high heat per unit area and fuel consumption
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values for spring burns acted to moderate the opposing influence of season of burn on

shrub density.

Conclusions

Our results indicate seasonal differences in fire behaviér in shinnery oak
communities. Fall and spring bufning produced higher fireline inteﬁsity, heat per unit area,
fuel consumption, and reactionv intensity than winter burns, while ﬂéme depth wasb lowest
for fall burns. In general, grass cover increased vﬁth inére"avsing;rate of spread and
decreased with inéreasing heat per uhit area, ﬁJei coﬁsumpti_on, and reaction intensity.
Shrub cover was inversely related to rate of spread, while shrdb aensity increased with
increasing‘héat per unif ‘area, fuel consumption, and reaction intensity. The influence of
fire behavior on post-burn plant community composition was nﬁnimal in this study. We
believe that this lack of influence of fire behavior relates to the removal of ground leaf
litter and overstory shrub cover with fire; regardless of fire behavior. Our data indicate
that season of burn and fire behavior may have an interactive effect on canopy cover and
sfem density of shrubs. Additional research i$ needed to clarify ramifications of this
relationship to the use of prescribed fire as a rhan‘agement toql in shiﬂnew oak

communities.
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Table 1. Sample size, burning dates, and weather variables for precribed burns in western Oklahoma.
' ‘ Wind

Burning Air % Relative  speed

Year Season n date temp°C  humidity  (km/hr)
1997-1998 ~ Fall 6 Oct. 1-24 16-30 21-50  6-11
1997-1998 Winter 12 Jan27-Feb.5 = -<1-16 ~24-72  5-16
1997-1998 Spring 12 April 28 -May1  18-29  20-59 . 3-16
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Table 2. Means and standard errdrs for fuel loading and fud moisture for prescri‘bved burns in western Oklahoma.

1 Hour live 1 Hour dead 10 Hour dead - 100 Hour dead
_ Fuel load % Fuel Fuel load % Fuel Fuelload % Fuel Fuel load % Fuel
Year Season n (kg/mz) moisture (kg/m®) - moisture (kg/mz) moisture (kg/mz) moisture
1997-1998 Fall 6 0.14+/003  66.56 +/-18.33  1.08+/-0.11 17.04+/-1.56 0.15+/-0.05 27.39 +/-8.07 0o
1997-1998  Winter 12 0..  134+/006 1888+/-230 0.09+/-002 34.27+-9.35 0

1997-1998  Spring 12 0.013+/-0.003 137.42+/-34.56 131+-009 1472+-187 008+-002 2132+-291 0.01+-001 197 +-197




Table 3. Shinnery oak community vegetation classes, acronyms, and representitive species.

Vegetation _ : Representitive
Class Acronym species’

Annual Forbs FORBA Conyza canadensis 1., Monarda punctata .., Pyropapus carolinianus Walt.
Perennial Forbs FORBP Ambrosia psilostachya, Calylophus berlanderii, Commelina erecta

Legumes LEGUME Amorpha canescens Pussh., Desmodium sessilifolium Torr., Lespedeza stuevei Nutt.
Little Bluestem LBS Schizachyrium scoparium . '

Tallgrasses TG Andropogon gerardii, Panicum virgatum, Sorghastrum nutans,

Other Grasses GRASS Bouteloua curtipendula, Eragrostis trichodes, Sporobolus cryptandrus

Sedges SEDGE Cyperus schweinitzii Torr.

Shrubs SHRUB  Artemisia filifolia, Prunus gracilis, Quercus havardii

97



86

Table 4. Fire behavior means and standard errors, by season of bum, for experimental plots bumned in western Oklahoma.

Flame Rate of Fireline Heat per unit Fuel Reaction
Season of depth (m) spread (m/sec) intensity (kW/m) area (kl/m’” consumption (kg/m®) intensity (kW/m®)*
Year bumn n X se X : se X se X se X se X se
1997-1998 ' Fall 6 1.34 Arr 0.23 0196 A 0.049 2987.63 AB 695.52 '15,923.63 AB  2069.64 0943 AB 0.123 1938.72 A 587.63
1997-1998 Winter 12 276 B 0.39 0223 A 0.033 2562.11 B 44795 11,966.48 B 1 192738 0704 B 0.070 97397 B 12547
1997-1998 Spring 12 2.44 B 0.27 "0.274 A 0.036 4334.87 A 663.95 16,131.97 A 1604.44 0946 A 0.093 1679.73 A 285.22

*n=>5(Fall), n=11 (Spring)

** Means within a column that dd not share a common letter are different (LSD) at alpha = 0.10.
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Table 5. Correlations of fuel, weather, and fire behavior variables for experimental plots in western Oklahoma.

. Weighted
Fire behavior Air Wind % Relative % fuel Total fuel 1 Hour 1 Hour 10 Hour 100 Hour
variable n temp. (°C)  speed (km/hr) humidity moisture load (kg/m?) live (kg/m”)  dead (kg/m?)  dead (kg/m®)  dead (kg/m?)
' o : Correlation coefficient :

Flame depth (m) 30 0.115 0.138 -0.453 * 0.340 ** 0.137 -0.456 * -0.058 0.013 -0.036
Rate of spread (m/sec) 30 -0.126 0.451 * 0.154 -0.124 © 0283 -0.013 . -0.251 -0.225 0.055
Fireline intensity (kW/m) 30 0.079 0.366 * 0.214 -0.051 - 0232 0.083 0.179 0.132 0324 *
Heat per unit area (kJ/m?) 30 039%* -0.007 20.243 -0.187 " 0.660 * 0.236 0.512 * 0.497 ** 0.386 *
Fuel consumption (kg/m®) 30 0.395 * 0.010 0233 20.162 0.665 * 0.238 0.513 * 0.504 * 10386 *
Reaction intensity (kW/m?) 28 0.306 -0.103 0.109 0.345 * 0.399 * 0.199 0.312 0.371 **

0285

*P <0.0500
** P >0.0500, <0.1000
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Table 6. Correlations coefficients of vegetation class canopy cover and fire behavior variables for experimental plots in western Oklahoma. Acronyms are from Table 3.

** P >0.0500, <0.1000

Fire behavior U Vegetation class . Bare
variable n SHRUB LBS TG GRASS FORBP FORBA  LEGUME SEDGE ground
Correlation coefficient
Flame depth (m) 30 0.240 -0.187 0.238 -0.338 ** 0.048 -0.232 0.033 0.077 0.068
Rate of spread (m/sec) 30 -0.320 ** 0.348 * 0.391 ** 0.291 --0.147 -0.22:2 0.199 -0.092 | 0.065
Fireline intensity (kW/m) 30 0.109 0.020 -0.074 0.030 ' 0263 -0.115 0.128 0.020 0.170
Heat per mﬁ;area(kJ/mz) 30 ‘0.077: 0643 * -0.207 -0.346 ** 0.1k86 -0.065 -0.196 0.204 0.078
Fuel consumption (kg/m°) 30 0.079 0639 * -0.202 -0.‘346 g 0.179 -0.064 - -0.189 0.196 0.076
Reaction intensity (kW/m?) 28 0.369 - 0369 % 0.152 -0.094 0.184 0.18 0.146 0.02 0.025
*P <0.0500 | | o l




“Table 7. P values for the effect of fire behavior variable
on post-burn vegetation composition of experimental
_plots in western Oklahoma.

Fire behavior variable n P Value*
Flame débth (m) 30 03115
Rate of spread (m/sec.) 30 0.1991
Fireline intensity (kW/m) 30 0.5832
' Heat per unit area (kJ/m’) 30 0.0415
 Fuel g:onsumpfibn (kg/m?) 30 0.0462
Reaction intehsity (kW/m®) 28 0.6149

* P value is for the Wilk's Lambda test statistic in the model
Vegetation Class;; = Fire behavior variable.
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Figure 1. Post-burn shrub stem density (stems/?) as a function of heat per unit area
(kJ/m®), fuel consumption (kg/m?), and reaction intensity (kW/m?) for experimental plots
in western OK. : '
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CHA»II?TERVVV
THE INFLUENCE OF PRESCRIBED FIRE ON LESSER PRAIRIE
'CHICKEN (TYMPANUCHUS PALLIDICINCTUS) HABITAT IN
SHINNERY OAK (QUERCUS HAVARDII Rydb.) PLANT

COMMUNITIES IN WESTERN OKLAHOMA

Abstract

Little is known of the effects of fire on lesser pfairie chicken U(T ympanuchu;
pallidicinctus) habitat in sand shinnery c;ak (Quercus Mardii) communities.
Our objective was to document effects of fall (October), winter (February) and spring |
(April) prescribed fire on important elemehts of llesser prairie chicken habitat. Three study
sites were locatedk in western Oklahoma; each containing 12 60 x 30 m plots that were
designaitéd, within site, to:be seasonally‘bumed, ,a.nnﬁally}burned,ﬂ. or left unbuméd. We
measured canopy cover of important fé)rage and rseed-producing plants in the growing
_seasons of 1996 (pre-treatment) and 1997-1998 (post-treat@ent). Growing season insect
abundance was estimated using sﬁction sampling and flush counts in 1997-1998. Shinnery
oak mast, catkiﬁ, bud, and leaf gall abundance were measured in 1997-1998. Visual
obstruction was estimated in January and May of 1997-1998, and winter forb and grass

frequency were measured in January of 1997-1998. Canopy cover of preferred nesting
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grasses decreased with fall and spring fire (P < 0.1000) and was unaffected by winter fire.
Visual obstruction decreased with burning in any season (P = 0. 1060). Burning in any
season increased warm season forbs (P < 0.1000) and grasshopper abundance (P <
0.1000) associated with brooding and fofaging: habitat. Oak mast production failed the
year following burning but was unaffected in the subsequenf grbwing season. Winter
fréquency of forbs and grasses increased with burning treatinent (P <0.1000) in the year
following fire treatment. Cool season forb production increased with fire in any season (P
< 0.1000) and was highest aﬁer‘fall burning. Pr_ddﬁctioh of catkins and buds failed in the
year following burnmg and was lower in burned plots the second spring following fire (P <
0.1000). Prescribed fire has vpromise asa mandgement tool to increase important forage

plants and insects associated with lesser prairie chicken habitat.
. Keywords: Insect abundance, nesting cover, brooding habitat, forb.

Introduction

The lesser prairie chicken (Tympanuchus pallidicinc_tus ) was historically abundant
throughoﬁt much of the sOutHém Great Plains region ('faylor and Glithery 19803;). In the
}20“‘ century, populations of this species have declined dramatically. Crawford (1980)
estimated that chickenf abundance has been decreased by over 90% in the last century, and
Taylor and Guthery (1980a) estimated a 92% decrease in range for the same time period.
Loss of habitat to cultivation (Crawford and Bolen 1976a), overgrazing by domestic
livestock (Lee 1950), and brush control programs (Jackson and DeArment 1963) are

thought to have reduced chicken populations.
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Across the majority of its present day range, lesser praiﬁe chickens are strongly
associated with shinnery oak plant communities (Peterson and Boyd 1998). Historical
accounts indicate that shinnery oak c_onimunities were structurally dominated by
tallgrasses with shinnery oak in the understory; oak stems did not commonly exceed 45 cm

in height (Maroy 1854, Onbome 1942). Today, shinnery may .constitute 80% of canopy
cover (Dhillion et al. 1994), abundance of tailgrasses has decteased,» and oak stems may
reach 1 m in height in western Oklahoma (Peterson and Boyd 1998).

As habitat availability for lesser prairie}»chioken’s decreases, proper management of
existing habitat inCteases in impor_tance.‘ The role of biotic and abiotic disturbances in
affecting structure and composition of shinnery oak plant cornmimities is relatively

~unexplored as comparéd with many other shrub-dominated systems in North Amencan. In
previous work, I have addresseti the influence of fire on vegetation struotlire and
composition in shinnery oak communities @oyd 1999a, 1999‘b, 1999c¢). Our objective in

~ this paper is to discuss the ramifications of prescribed fire-induced changes in shinnery oak
communities to habitat quality for the lesser prairie chicken. Specifically, we document
effects of prescribod, seasonal fires on nésting and brooding habitat, thermal and esoape

cover, and availability of important food plants and insects.

Methods
Stlidy Sites
Study sites were located on the Black Kettle National Grassland in Roger Mills
County, Oklahoma (3 5°32’ 44’ N, 99° 43’ 39" W), and the state-owned Packsaddle

Wildlife Management Area in Ellis County, Oklahoma (36° 4’ 227’ N, 99° 54’ 5> W).
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Sites wefe chosen subjécfive_ly to be representative of shihnery oak corﬁmunities found on
sandy soils within the western Oklahoma region. All sites were lightly grazed by cattle |
during the growing season before study initiation and were excluded from gfazihg in 1995
and throughout the course of the étudy. Before our sfudy, these sites had not burned on a.
regular basis and had not burned for at least 10 years. R

Soils vvverfevfme sands(N obscott-B_rownﬁeld Association) with no limiting layers in
the top 150 cm (USDA 1982). Shinnery voavk, a&_e(:iduous, clonal species, was the
dominant shrub with lesser amounts of sﬁhd sagebrush (Artemisiaﬁlyolia Torr.) and
Oklahoma plum (Pr‘%mus gracilis Engelm.). Dominant gragse‘s and forbs included little
bluestem (Schizachyrium st:opafium Nas;h); indiangrass (Sorghastrum nutans Nash),
switchgrass (Panicum virgatum L.), sand bluestem (Ahdropogén gerardii Hack.), sand
lovegrass (Eragrostis trichodes Nutt.), sideoats grama (Bouteloua ¢,uri1'pendula Michx.),
western ragweed (Ambrosia psiléstachyd DC.), erect dayflower (Commelina erecta L.)
- and sundrop (Cabflophus berlandieri Spach). Average annual precipitation was 65.6 cm;

growing season (March-August) precipitation averaged 40.6 cm (‘U‘SDA 1982).

Eprei'imentélb Dé;sign

We divided each of the 3 study sites (blocks).into 12 60 x 30m plots. Plots were
arranged in a 2 x 6 matrix and separa.ted"by 7m firebreaks. We randomly assigned each of
the plots within a site to the following tréatments: 1) no burn, 2) burn fall 1996, 3) burn
fall 1997, 4) burn winter 1997, 5) burn winter 1998, 6) burn winter 1997 and 1998, 7)
burn spring 1997, 8) burn spring 1998, 9) burn spring 1997 and 1998. Growing season

canopy cover of plant species and bare ground was estimated for all plots. Pre-treatment |
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canopy cover data was collected during the growing season in 1996 and treatment
response data during the growing season in 1997 and 1998. All other data in this study
were collected from a sub-set of plots which included the fall-burn (1996) plot from each
site (n = 3), and one randomly chosen control plot,. winter-burn (1997) plot, arid spring-

burn 1997 plot from each site (n = 3 for each treatment).

Fire Ignition and Behavior

All plots were ;tJumed using %1 sfrip—headﬁring "technique (Wright and Bailey 1982).
The downwind and‘ﬂank sides of the plots were ignitéd and allowed to burn about 5 m
into the plot. We ignited a series of headﬁres abéut 10 m upwind from the backfire. All
burns were conducted with relative humidity >20%, air temperaturé <29°C and a surface
wind speed of <16 km/hr. We estimated fire behavior characteristics for all headfires énd
determined pre-burn fuel loading and ﬁfe consumption from quadfats clipped before and

after burning. Fire behavior and fuel characteristics are discussed in Boyd (1999c).

Canopy Cover and Frequency

| Because éf the ignition pattern, the outer 5 m of plots were excluded froin
vegetation sampling to eliminate differential eﬂ‘écts of h'eadﬁrés, baékﬁres? and flankfires.
.’We estimated canopy cover for be’ach plot, by species, at 30 randomly located points
(Daubenmire 1959). At éach point, canopy cover éf each species influencing a 20 x 50 cm
quadrat was categorized as 0-5%, 5-25%, 25-50%, 50-75%, 75-95% or 95-100%. We
averaged mid-point values to 6btain an estimate of cano'py cover of each species in a plof

for a given sampling period. We estimated canopy cover during 3 sampling periods: 25-31
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May, 6-22 June, _and 8-17 August. Pretreatment data were collected during the growing
season in 1996 and treatment response data during the growing seasons in 1997 and 1998.
We estimated the »percent frequency of occurrence of forbs and grasses, at 30, randomly
located points per plot. At each pbint we recorded presence or absence of living forbs and
grasses in a 20 x 50 cm qnadrat. Frequency data were collected_ in January of 1997 and
1998. Nomenclature followed that of the Great Plains Flora‘ Association (1’986) with the
excéption of little bluestem (i.e. Schizachjrium scoparium).

We created summary variables fo ‘répresent;the sum of all canopy cover values for
a given vegetation class, ina given plot and year. These vegetation classes included,
- shrubs asa group, grasses important for nesting habital, as well as shrubs, forbs, grasses
and sedges that have been repol‘ted lo be eaten by lesser prairieﬁchivc'kens. Important plant
species wdre complled ftom previous dietary and habitat research in .shinnery oak
* communities, namely, Crawford and Bolen (19_76b), Davis et al. (1:98‘0), Doerr and
Guthery (1983) and R11ey et al. (1993) (Table 1). Average seasonal canopy cover values
for vegetation classes were calculated by averaging canopy cover values by plot,
vegetation class, and year (West and Reese 1996). Thes¢_ average values were used in

statistical analysis.

Shinnery Oak Mast, Buds, Catkins and Leaf Galls

We estimated the abundance of oak acorns and leaf galls in the first week of
August, 1997-1998, and oak catkins and buds in the first week of April, 1997-1998. We
made estimates by counting number of acorns, buds, catkins, and leaf galls associated with

shinnery oak shrubs rooted within 10 randomly located 0.5 m” quadrats for each plot. We
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~-counted mast, buds, and leaf galls directly; catkin abundance was estimated by counting
number of catkins associated with the first 5 buds encountered in each qnadrat (50
buds/plot). We then multiplied the average number of catkins per bud by bud density for

the plot to obtain an estimate of catkin density.

Visual Obstruction .

We estimated visual obstrnciion in Januar_y and May of 1997 and 1998 using a
density board (Nudds 1977) as'modiﬁed by Guthery et al. (1981) for use in shinnery oak
communities. The density board measured 120 x 68 cm and was marked in alternating
black and white 10 om strata. We numbered the strata oons_ecntively from the ground up
to facilitate visual reference;‘We estirnated percent Visual obstruction every other meter
along a 50 m transect through the center of the long axis of each. plot. We made estimates
at 7 m on both sides of the transect with the observer kneeling over the permanent transect
~ (50 observations/plot). We averaged scores of each strata to obtain percent visual

obstruction for each strata in a plot.

Insect Sampling

We assessed insec_t abundance using a suction harvester similar to that described by
Stewart and Wright (1995). The haryester consisted of used a hand-held gas-powered (31
- ¢¢) leaf vacuum fitted with a 10 cm diameter flexible hose and collection bucket. At 6
randomly selected points in each plot, we used the harvester to thoroughly scrub the
vegetation and ground strata contained in a 100 x 60 cm plastic cylinder. We covered the

top of the cylinder with a nylon mesh to prevent escape of insects and inserted the vacuum
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hose through a slit in the mesh. Collections were made in during the last week of June and
July, 1997-1998. Factory speciﬁcations indicate that this leaf vacuum exceeds the
minirnum air velocity of 96 km/hr recommended by Southwood (1978) for adequate
sampling of ground and vegetative streta insect populations. We placed debris and insects
in plastic 'bags and froze the samples until analysis. We identified insects to order; total
 insect density (per 6 samples) was used in statistical analysis.

We estimated grasshOpper density in the 1_ast,v_9eek of June, July, and August,
1997-1998, by counting the numtier of grasshoppers flushed from 16 1 m? quadrats/plot.
- We arranged quadrats systematically within plotsin a 2')i 8 grid,; quadrat boundaries were
marked with pin flags 2 days priot to counts. We usedz a.dowel rod to disturb vegetation

and flush all grasshcppers in a quadrat.

Statistical Analysis

We assessed treatment eﬁ'ects on canopy cover data using analysis of covariance
(SAS Institute Inc. 1988) with vegetation class as the dependent variable, pre-treatment
vegetation class score as the covarivate, and season of burn, time since fire, or annual
burning asthe main effect. When significant model and treatment variable effects were
foundb, we used protected multiple ccmparisons (LSD, alpha = 0. iOvOO) to detect
diff’erences between treatment tneansi Model end treatment effects were considered
signiﬂcant at P < 0.1000.

We determined fire effects on catkins, acorns, galls, buds, insects and forb and
grass frequency using analysis of variance (SAS ’1988). We compared treatment means as

described above (LSD). We determined the effects of season of burn on visual obstruction
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using multivariate repeated meésures analysis of variance (Stroup and Stubbendieck
1983). For this analysis, we set values for strata 1 through 12 as def)endent variables, and
season of burn as the main effect. Strata 1 through 12 were treated as a repeated measure
in this model, such that we were testing for treatment differénces in the reéponse curve éf
visual obstruction across the 1“2 strata. We determined the significance of season of burn

using the P-value associated with the strata x treatment interaction.

Resu.lts and Discussion

Nesting Habitat

Lesser prairie chickené prefef- to nest in areas with an abundahce of perennial
grasses (Copelin 1963). Riley et al. (1992) found that basal cover of perennial tallgrass
(Andropogon hallii) was higher around successful as compared to unsuccessful nests.
. Copelin (1963) nbted that standing dead grass litter is important for overhead cover
because nestihg takes place prior to or very near the time of ihitiation of spring grass
growth. Overhead cover ’and horizontal visual obstruction interact to influence
concealment of nestihg hens and may influence nesting success. Haukos and Smith (1989)
found that hens selected nests sites with ?75% visual obstruction in the first 33 cm and
50% overhead cover.

Our data indicate (Table 2) that nesting grassés decreased in fall and spring-burned
~ plots relative to control plots, du‘n'ng the first growing season folléwing fire (P <0. 1000).
Nesting grass abundance did nof differ between winter burns and control plots in either
year (P <0.1000). Nesting grass abundance increased with time since fire (P =0.0001)

and values 2 growing seasons after fire were similar to control plots. Nesting grasses
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abundance in annually burned plots was similar to control plots and was greater thah that
recorded for single event fires (P = 0.0003) (Table 2). In previous research (Boyd 1999a),
I reported that winter burning increased cover of rhizomatous tallgrasses and little
bluestem cover decreased with fire in any season. In the present study, the negative
influence of fall and spring burning on the cover of nesting grasses as a group was due
mainly to a decrease in little bluestem.

Spring (May) visual obstruction profiles differed across burning treatments (P =
0.1000; Figure 1). Obstruction values for burned plots were generally lower than those for
controls both the 'year of burning (1997) and the second spring following fire treatment
(1998). Using the findings of Haukos and Smith (1989) as a guideline, visual obstruction
values for control plots are adequate for nesting purposes, as are values for burned plots in
1998, while values for burned plots in the spring following fire (1997) are inadequate.
Although we did not directly measure overhead cover, the canopy cover of dominant
vegetation may serve as a guide to changes in overhead cover. Little bluestem, rhizomatus
tallgrasses, and shrubs made-up >90% of the total canopy cover recorded in our plots.
Canopy cover of these grass species was influenced as described above, while shrub cover
decreased with fire in any season relative to confrol plots (P < 0;1000) (Tablé 2). In fact,
shrub cover was reduced by 50% in spring-burned plots, indicating the potential for a

substantial reduction in overhead cover.

Brooding Habitat
Brooding habitat for lesser prairie chickens is characterized by a high forb

availability and abundant bare ground (Jones 1963, Riley et al. 1992). Forb communities
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are important both for the forage they contain, as well as the increased insect abundance
typically associated with these areas (Doerr and Guthery 1980). In New Mexico, chicks
and juveniles had summer diets consisting of 100% and 99.3% insect material,
respectively. Sixty two percent of the chick diet and 88% of the juvenile diet was
composed of grasshoppers (Davis et al. 1980). |

In our study, warm season forbs increased with winter and spring burning, and
were unaﬁ'ected by fall fire in 1997 (P < 0.1000; Table 2). In 1998, fall and spring burning
increased warrﬁ season forb abundance, relafive to cohtrol plots, while winter burns had
no affect (P < 0.1000). Cool-season forb cover increased with fall and winter fire in 1997
and fall fire in 1'998 (P<O. 1000). Bare ground increased withy burning in any season,
relative to céntrol plots (P < 0.1000) (Table 2). The most significant increase was with fall
burning, perhaps because these plots had the longest time interval between burning, and
the following growing season. Bare ground decreased with increasing time since fire (P =
0.0004).

Insect density from suction samples was not strongly affected by ﬁre (Table 3).
The only difference was for burned plots in 1998, which had a higher iﬁsect density per
plot than unburned plots (P"= 0.1000). Insect density}.)er plot deéreased markedly from
1996 (pre-treatment) to 1998. We béliev'e that this may be a result of fire-related
mortality. Our plots were relatively small and located in close proximity within a site. This,
combined with the fact that only 2 plots per site remained unburned by the 1998 growing
season, may héve decreased immigration of insects from unburned plots to burned plots.
Warren et al. (1987) stated that the size of burned areas influences immigration from

unburned areas and that zeric microclimates and decreased vegetative may increase insect
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mortality due to exposure and predation. More mobile insects such as grasshoppers may
escape direct combustion and immigrate more easily from unburned areas. Chamrad and
Dodd (1973) found that grasshoppers made-up a larger proportion of the insect
population on burned plots_ relati?e to controls.

Grasshopper density in June 1997 increased with all seasons of burn, relative to
control plots (P < 0.1000; Figure 2). Grésshopper density in June 1998 was similar except
winter burn density did not differ from control plots. Density values for burned and
control plots were sinﬁlar for the July and August sampling periods in 1997. In July 1998, |
/ grasshépper density incbre.as‘ed with fall and spring fire (P < 0.1000) and was unaffected by
winter fire, relative to control plots. »In the August 1998 sampling period, density values
were higher for spring burns than in control plots (P < 0.1000), while féll and winter-

burned plots did not differ from controls.

Foraging Habitat

In shjnnéry oak habitat, the diet of lesser prairie chickens varies strongly by season.
In spring, diets are dominated by vegetative material, mainly fqrbs, and shinnery oak
catkins and buds (Davis et al. 1980, Doerr and Guthery 1983).' Catkins and buds may
represent a valuable food source during the rrlid;spring period given that availability of
‘other food sources is usually limited (Peterson and Boyd 1998). Additionally, unpublished
- data from our laboratory indicates that catkins and buds are high iﬁ crude protein (catkins
= 22.3%, buds = 19.1). Summer diets consist of roughly equal amounts of vegetative
material and insects. Important plant materials include mainly warm season forbs (shinnery

oak acorns and leaf galls also may be consumed), while insect consumption is largely
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grasshoppers (Davis et al. 1980, Doerr and Guthery 1983). In fall, insect and forb
consumption continues, but oak acornS, seeds from herbaceous plants, and leaf galls may
become important dietary items (Crawford and Bolen 1976b, Doerr and Guthery 1983,
Riley et al. 1993). Oak acorns and seeds from herbaceous plants domin::ﬁe winter diets;
vegetative material may comprise 25-30% of the winter diet (Doerr and Guthery 1983,
Riley et al. 1993). |

In our sfudy, catkin and bud production was eliminated in the spring following
burning (Table 4). Catkin and bud density was similar between control plots and the 3
burning seasons for the second spring following fire, but, burned plots. as a group had a
lower catkin derisify than control plOtS (P =0.0618). Increased forb abundance,
particularly cool-season forbs, associated with fire treatment should improve spring
foraging habitat. Fall burns produced the highest canopy cover of cool season forbs in
both years of data collection (Table 2) ‘Growing season foraging habitat also should
benefit from increased forb and grasshopper abundance associated with fire. The decrease
in other insect groups with fire (as discussed above) may be offset by increasés in
grasshopper abundance, because grasshoppers make up the bulk of the insect matter
consumed by lesser prairie chickens (DaviS et al. 1 980, Doerr and Gufherj 1983).

Production of mast by shinnery oak was eliminated in the first growing season
following fire (Table 5) but did not differ between tfeatmenfé in the second growing
season following fire. Abundance of leaf galls was u‘naﬁ‘eoted‘ by fire treatment (Table 5),
which may be related more to the high variability of gall abundance between burned plots
and less to the influence of fire on gall production. Our visual observations indicate that

plots in their first growing season after fire typically have heavy gall infestations compared
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with control plots or plots burned in years previous. Initially high gall infestations
following burning may be related to fire-induced plant stress; Dobson (1987) reported that
insect gall abundance was correlated positively with plant physiological stress. Although
abundance of forage and seed-producing grassés was nbt affected by fire, increased forb
prodhction in burned plots should promote seed availability in fall and winter (Table 2).
Seeds of sedges also may be consumed during that time period. Sedges increased in
“abundance with fire in any season (P < 0.1000) and were most abundant in spring-burned
plots (Téble 2). “
Fofb and grass frequéncy data for winter and spring burns were not available in

1997 because these plots had not yet been burned (Table 6). Althou}gh forbs and grasses
were not recorded in fall burn plots in 1997, the means for control plots were not
signiﬁdantly different from zero, so no treatment differences were found. In 1998, the
second winter sampling season following fire, frequency of forbs was higher in burned
plots relative to controls (P = 0.0009), but there were no differences between burning
treafments Grass frequency also was higher for burned plots relative to controls (P

=0.0902).

Thermal and Escape Cover

Thermal and escape cover refer to areas with horizontally and vertically dense
vegetation that oﬁ'er concealment (maihly for broods) and protectibn from temperature
ext_remés. Donaldson (1969) noted that broods used shinnery oak, little bluestem, and sand
bluestem as thermal cover in summer and that height of vegetation used by broods was

correlated positively with ambient temperature. Copelin (1963) reported that broods in
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Oklahoma used taller oak mottes to escape mid-day summer temperature extremes. Taylor
and Guthery (1980b) found that lesser prairie cﬁickens selected areas of dense grass or
evergreen shrubs for winter cover. Loss of shrub cover associated prescribed fire, |
particularly spring burns, may decrease availability of summer thermal cover. Additionally,
areas burned in winter or fall lack winter cover in the year of burning. Our data indicate
that differences in visual obstruction valﬁes among burning treatments in winter (January)

are detectable (P = 0.0001) a year or more after burning (Figuré 1).

Conclusions and Management Implications

We believe that prescribed ﬁré may be a useful fnanagemerit tool for lesser prairie:
chicken habitat in the shinnery oak region. Fire can be used to increase forb and
grasshopper ‘production associated with quality foraging and brooding sites, and can
increase abundance of vegetative food production during winter. Season of burn can
influence effects of fire on habitat quality. Fall burns produce the highest post-burn
abundance of cool-season forbs. Spring and fall burns may negatively influence nesting
habitat by decreasing abundance of preferred nesting grasses and decreasing both
horizontal and overhead cOver.» Our data indicate that negatiye affects of burning on
nesting habitat subside with increasing time since fire. We i)redict that nesting habitat
structure and composition will be sinlilar between buméd and unburned communities by 3
years folldwing fire. Spring burning can dramatically decrease canopy cover of shrubs,
which decreases availability of thérmal and escape cover. Negativ’e effects of fire on
thermal and escape cover may be offset by buming in seasons other than spring,

decreasing burn size, or plowing fire breaks around oak mottes prior to burning.
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It is important to note that our study was designed to characterize short-term
impacts of fire on habitat elements, in communities that have not e);pen'enced fireona
regular basis for at least the past decade. Further research is needed to quantify the long
term effects of fire frequency and season of burn on habitat dynamics. Additional research
also is needed to determine the spatial‘extent and interspersién of habitat elements

necessary to optimize lesser prairie chicken habitat at different spatial scales.
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Table 1. Plant genera used in analyisis of prescribed fire effects on

lesser prairie chicken habitat in western Oklahoma. This list was

compiled from Crawford and Bolen 1976b, Davis et al. 1980, Doerr
and Guthery 1983, and Riley et al. 1993).

Category of use

Category Genus  Forage Seeds  Nesting
Warm-season forb :
| Cassia X

Commeliana
Croton
Eriogonum
Euphorbia
Evovulus
Helianthus X
Heterotheca .
Hymenoxys
Krameria
QOenothera
Penstemon

R e e R e RN

ool

Cool-season forb
Dithyrea
Linum
Lithospermum

oo
oo Re

Warm-season grasses
Paspalum X
Sporobolus X
~ Leptoloma X
Schizachyrium |
 Andropogon
Panicum (virgatum)
Sorghastrum

el oRole

Sedges

>

Cyperus

Shrubs
Quercus X X
Artemisia X
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Table 2. Growing season canopy cover for vegetation classes by year and fire treatment for experimental plots in western Oklahoma. Plant species used in vegetation classes are listed in Table 1.

Preferred forbs grasses and sedﬁes include both forage and seed producing species.

Group
: Preferred Preferred Preferred
Preferred warm season cool season Preferred nesting - Preferred %Bare
Treatment Shrubs shrubs forbs forbs grasses grasses sedges ground
Year category n X SE X SE X SE X SE x SE X SE. x SE x SE
% Canopy cover )
1997 Season of burn
Control 21 745 1.9 A 582 27 A 07 01 A 0093 0033 AC 12 02 63.6 3.8 A 0.114 0.035 A 10 09 A
Fall 3 565 102 B 462 102 B 07 03 A 0.556 0194 B 1.4 07 51.6 94 B 0.426 0346 B 55.9 9.1 B
Winter 6 606 46 B 437 63B 19 08B 0241 0Jo4 C 1.5 03 572 92 AB 0269 0135 AB 500 51 C
Spring 6 306 41 C 224 28C 20 08B 0176 0.093 AC' 19 08 542  ]23B 0792 0330 C 445 07 D
1998  Season of bum**
Control 6 740 59 A 549 5.6 A 02 01 A 0.004 0.004 A 02 o1 63.8 ‘6.7 A 0.004 0.004 A 53 14 A
Fall "3 605 92 B 461 288 B 37 18B 0241 0113 B 09 05 393 143 B 0.185 01i13 B 722 29 B
Winter 6 581 L5 B 464 50B 04 01 A 0014 0009 A 05 04 56.5 5.9 A 0.185 0099 B 487 48 C
Spring 6 321 24¢C 258 38C 1.6 05C 0140, 0140 A 04 01 41.0 51B 0319 0I39cC 53.1 4.8 C
Time since fire ]
One year 15 482 40A 381 41 A 15 05 0.059  0.032 05 02 469 . 44 A 0239 0069 A 55.2 35 A
Two years 10 663. 4.1 543 4.0 06 ol 0.092 0.041 07 0l 672 6.3 0.033 0022 B 34.4 2.8
Annual
Single event fire 15 482 - 40 381 4.1 1.5 05 0.059  0.032 05 02 46.9 44 A 0.239 0.069 55.2 3.5
Annual fire S 461 88 374 95 09 03 0072 0.041 04 01 68.9 9.5 0.041 55.9 3.2

* Means within a year and treatment category with no letters or without different letters are not significantly different (LSD) at alpha = 0.1000.

** Plots burned in 1998.
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Table 3. Relative composition of dominant insect orders, and insect sampling density by season of burn and year for suction samples taken on experimental

plots in western Oklahoma.

Insect density
Treatment % Relative composition per plot
Year category n Araneae Coleoptera Hemiptera Homoptera  Hymenoptera Other X* SE
1996 135 6:6 4.6 33 51.6 204 253 5.9
1997 Season of burn }
Control 3 6.7 1.7 0.0 11.7 65.0 150 100 3.8
Fall 3 9.1 3.0 6.1 15.2 242 424 55 23
Winter 3 10.3 4.4 0.0 10.3 51.5 235 113 19
" Spring 3 6.5 4.8 3.2 274 323 258 103 3.8
Burn vs. no bum .
Control 3 6.7 1.7 0.0 11.7 65.0 15.0 - 10.0 3.4
Burned 9 8.6 : 43 2.5 17.8 38.7 28.2 91 1.6
1998 Season of burn** B
Control 3 18.2 0.0 0.0 - 18.2 - (182 45.5 18 0.5
Fall 3 0.0 0.0 16.7 50.0 0.0 333 50 20
Winter 3 59 8.8 26.5 235 8.8 26.5 57 1.3
Spring 3 8.0 0.0 12.0 32.0 20.0 28.0 42 1.0
Burn vs. no bum. .
Control 3 18.2 0.0 0.0 18.2 182 45.5 1.7 0.5
Burned 9 4.5 3.4 19.1 34.8 9.0 292 49 08

* Means within a year and treatment category with no letters or without different letters are not significantly different (LSD) at alpha = 0.1000.

** Second growing season following fire.



Table 4. April shinnery oak bud and catkin density by season of burn
and year for experimental plots in western Oklahoma. No Data is
presented for spring burns in 1997 because these plots were not yet
burned at the time of sampling.

Treatment - Buds/m® Catkins/m*
Year category ~ n X SE X SE
1997 Season of burn - ' :
Control 6 4032 57.0 A 9625 190.6 A
Fall 3 00 008B 0.0 0.0 B
Winter 3 00 00B 0.0 0.0 B
Spring 0

1998 Season of burn** _
’ - 250.7 82.3 517.4 196.0

Control - 3

Fall 3 2813 621 2494 94.3

Winter 3 2088 708 2902 155.7

Spring 3 1869 204 13.6 13.6
Burn vs. no burn

Control 3 2507 823 5174 196.0 A

Burned 9 2256 313 1844 68.1

* Means within a year and treatment category with no letters or different letters are not
significantly different (I.SD) at alpha = 0.1000.
** Second growing season following fire.
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Table 5. August shinnery oak mast and leaf gall dénsity by season of
_burn and year for experimental plots in western Oklahoma.

Leaf
Treatment Mast/m’ galls/m2
Year category n X SE X SE
1997 Season of burn
: Control 3 06 02aA 29 15
Fall 3 00 00B 294 269
Winter 3 00 008B 132 5.3
Spring 3 00 00B 147 57
Burn vs. no burn
Control 3 06 02A 29 1S5
Burned 9 00 00B 191 8.5
1998 Season of burn** .
' Control 3 80 73 1.0 0.6
Fall 3 115 59 38 19
Winter 3 58 43 1.9 1.4
‘Spring 3 01 0.1 20 LS
Burn vs. no burn
Control 3 80 73 1.0 0.6
Burned 9 58 27 26 09

* Means within a year and treatment category with no letters or different letters
are not significantly different (LSD) at alpha = 0.1000. ’
*#* Second growing season following fire.
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Table 6. January forb and grass frequency (0.1m* quadrat) by season of
burn and year, for experimental plots in western Oklahoma. No data is
presented for winter and spring burns in 1997 because these plots were not
yet burned at the time of sampling.

% Frecuency of occurrence

Treatment Forbs Grasses
Year category n X SE. X SE
1997 Season of burn :
Control 9 36 14 04 0.4
Fall 3 0.0 0.0 00 0.0
Winter 0
Spring 0

1998 Season of burn*

Control 3 16.0 2.3 A*»* 00 0.0

Fall 3 467 58 B 80 4.0

Winter 3 480 101 B 27 13

Spring 3 520 6B 40 4.0
Burn vs. no burn

Control . 3 160 23aA 00 00A

- Burned : 9 489 3.9 48 1.5

* Second sampling season following fire.
** Means within a year and treatment category with no letters or different letters are not
significantly different (LSD) at alpha = 0.1000.
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Figure 1. Visual obstruction values for experimental plots in western OK. Values for
1997 represent scores for the year of burning, while 1998 scores are the second sampling
season following burning. P values are associated with the strata by treatment interaction
term in the model: Strata .; = Season of Burn.
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Figure 2. Grasshoppers (grasshoppers/m?) by year and month of sampling for
experimental plots in western OK. Values for 1997 represent scores the year of treatment, -
and 1998 values are the second sampling season following treatment. Bars within a year

and sampling month without a common letter are significantly different (LSD) at alpha =
0.1000.
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