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CHAPTER I
INTRODUCTION

The oak-pine (Quercus spp.-Pinus spp.) forest is the
largest timber type in the eastern United States (Lotan et
al. 1978). Shortleaf pine (P. echinata) is a major
constituent and has the widest geographic range of the
southern pines (Lawson and Kitchens 1983). It occurs in 22
states from New York to Missouri and south to the Gulf
states (Williston and Balmer 1980). The highest
concentrations of this species are found in the Interior
Highlands of Arkansas and eastern Oklahoma (Sternitzke and
Nelson 1970). Shortleaf pine is the predominant native pine
in Oklahoma; 1loblolly (P. taeda) naturally occurs in a
limited area (Little 1981). 1In spite of its prevalence and
importance, a research void exists in management of the oak-
shortleaf pine type (Komarek 1981, Murphy and Farrar 1985).

Ipe oekfpine“ﬁgxest is a fire subclimax‘association and

w111 succeed to a oak-hlckory ( arza Spp- ) cllmax in the

ELy
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L s

absence of flre (Bruner. 1931, L1tt1e and Olmstead 1931

Braun 1950 OOStlng 1956). Frequent flre can Shlft forest

communlty comp051tlon in the Ouachlta Mountains from an oak-

pine mixture to pine dominance (Little and Olmstead 1931).



Although fire is considered a major determinant in shaping

the oak-pine ecosystem (Garren 1943, Oosting 1956), our

- S ek g
i et o TR e o i ove -ax s

understanding of flre ecology.- in..the.. Ouachlta nghlands 1s

s, o1 ¢ 4

llmlted to inferences from other similar forest types (Lotan

P et

ethgl 1928), qualitative descriptions (Little and Olmstead
1931), and effects of fire in young pine plantations
(Nickles et al. 1981).

Wildlife research in this region has largely centered
on wildlife use and habitat quality of managed pine stands
on National Forest and industrial forest landholdings.
Habitat quality of managed pine stands for white-tailed deer
(Odocoileus virginianus) has been evaluated in the Ouachita
Mountains (Segelquist and Pennington 1968, Fuller 1976, Reeb
and Silker 1979, Fenwood et al. 1984, Jenks et al. 1990).
Some work has been done on eastern wild turkey (Meleagris
gallopavo silvestris) use of extensive commercial forest
lands in the Ouachita Mountains region (southeastern
Oklahoma--Bidwell 1985, Bidwell et al. 1989; southwest
Arkansas--Wigley et al. 1985, 1986).

Much of the forested land base in southeastern Oklahoma
is in oak-pine or oak-hickory forest types (Hines and
Bertelson 1987). Qualitative generalizations and inference;
from managed pine forests are not adequate to address the
effects of oak-pine forest management and fire on wildlife

population dynamics in the Ouachita's. Forest succession

dynamics and fire ecology in the Ouachita Mountain region



must be understood by wildlife managers to develop

management strategies from an ecosystem perspective.
Forest Habitat Manipulation To Benefit Wildlife

The effects of forest management and various
silvicultural systems‘on wildlife habitat quality have been
studied widely in the southeastern United States (See
Chapter II). To increase management effectiveness, research
should be conducted on the manipulation of forest ecosystems
specifically to benefit target wildlife species (Ripley
1980). Wildlife managers manipulate plant succession to
increase carrying capacity for a given species by providing
essential life requisites (Yoakum et al. 1980), especially
those that limit the population (Dasmann 1964). But
population responses to habitat manipulation are difficult
to quantify (Ripley 1980).

Ripley (1980) indicated that long-term studies in poor
oak-pine habitats would be an excellent place for an
investigation on population response to habitat
manipulation. For such a study to be successful, one must
possess knowledge of how management techniques will affect
carrying capacity (Macnab 1985). Implicit assumptions
include understanding ecological relationships of the system
and how manipulation will impact théfe relationships (Macnab

1983). \

\

1



An Integrated Research And Management Approach

Wildlife research typically deals with a species'
biology, population dynamics, habitat,‘or the related
effects of current land use. Such studies give us
descriptive knowledge based on inductive or retroductive
scientific methods (Romesburg 1981). Although quantitative
analyses are evident in wildlife science, actual testing of
hypotheses are sorely lacking (Macnab\1983, Romesburg 1981).
Caughley (1980) concluded that most large mammal studiesi
generate a large mass of information which amounts to
"nothing much." Romesburg (1981) indicated that a partial
solution to the apparent groping for scientific knowledge in
environmental scieﬁce fields is to use a problem oriented
approach similar to that used by medical researchers. While
an argument can be made ;hat a knowledge base is necessary
(Gill 1985), wildlife professionals need to design research
that tests ecological assumpfions (Macnab 1983, Romesburg
1981).

Wildlife managers can play a vital role in answering
ecological questions through deductive management-oriented
research (Macnab 1983). Management problems and practices
can be set up in experimental settings and various factors
manipulated and statistically tested to determine if a
hypothesis is supported. This approach is applicable to
habitat manipulation practices commonly used, albeit in an

inductive manner, by wildlife managers (Macnab 1983). With



a little scientific rigor in setting up controls,
replicates, and testable hypotheses, much knowledge could be
gained that is now lost or at best applied locally in an
intuitive way. Many of our ecological assumptions may be
tested by combining the research tool of hypothesis testing,
through appropriate experimental desigh, and the practical
experience of wildlife managers. The roles of wildlife
research and management will then be seen as fusing together

rather than as disjunct in purpose and scope (Macnab 1983).
The Present Study

The Oklahoma Department of Wildlife Conservation began
using fire and timber harvest in 1977 to improve habitat
conditions for white-tailed deer. Forest openings created
through commercial pine timber harvest and maintained with
prescribed fire were used to provide additional forage in
years of mast shortfall. Selected residual hardwood trees
were released for crown development and increased mast
production by using single stem injection of herbicide to
kill competing trees. In essence, site retrogression wag,
induced through timber harvest and maintained with perioﬁic
prescribed fire.

Retrogression of forested sites as a wildlife
management strategy was untested and needed further
development. Questions existed as to whether or not this

strategy was beneficial for deer. The required frequency of

i
|
t



v

prescribed fire necessary to maintain early successional
stages was unknown. The Pushmataha Forest Habitat Research
Area was set up in 1982 with these and other questions in
mind. The experimental development and testing of
retrogression as a deer management strategy offered an
opportunity to fill a number of research voids. Assuredly,
wildlife managers would benefit from additional management
strategies, but our understanding of forest succession
dynanmics, fire ecology, and effects of forest management
practices could be extended ﬁithin a research setting.

My study was designed to (1) evaluate the wildlife
management strategy of site retrogression through timber
harvest and periodic prescribed fire and (2) evaluate the
effects of fire on plant succession on oak-pine sites. I
compared retrogressed sites maintained in an earlier sere
with periodic prescribed fire with the traditional forest
management practices of regeneration clearcutting, initial
rough reduction burns, and later hazard reduction burns to
reduce fuel loads. Effects of clearcutting and hazard
reduction burns have been studied extensively and provide a

basis of comparison.

Objectives

1. To determine effects of timber harvest and periodic
prescribed fire on soil chemical properties and litter

dynamics.



2. To determine oak-pine community response to various
levels of overstory removal and various rotation cycles of
prescribed fire.

3. To evaluate critically and cdmpare induced
retrogression through timber harvest and periodic prescribed
fire with regeneration clearcutting, hazard reduction burns
and untreated controls. Specific hypotheses were:

é. Hy: Nutrient response of selected deer browse on
treated areas = that of untreated areas.

b. H,: Cervid plant utilization on treated areas =
that of untreated areas.

c. H,y: Forage production on treated areas = that of
untreated areas.

d. H,: Deer, elk (Cervus elaphus), and rabbit
(Sylvilagus floridanus) use of treated areas =
that of untreated areas.

4. To determine effects of rainfall on treatment
responses.

The remainder of this chapter introduces the rest of
the dissertation and provides an outline of format. Chapter
II reviews the current literature pertinent to this study.
Chapter III provides a detailed description and location of
the study area. Chapter IV gives experimental layout,
techniques used for gathering data, sampling protocol,
methods for sample analysis where appropriate, and data

analyses. The remaining chapters are formatted for



8

submission to Forest Ecology and Management and the Journal

of wildlife Management. They are complete as written and do
not need supporting material. The first manuscript is:
Chapter VvV, "Effects of timber harvest and prescribed fire on
soil chemical properties in the Ouachita Mountains,"
formatted for submission to, Forest Ecology and Management.
The remaining chapters are formatted for submission to the

Journal of Wildlife Management: Chapter VI, "Nutrient

response of selected deer browse to timber harvest and fire
in Oklahoma Ouachita Mountains," Chapter VII, "Effects of
fire and timber harvest on vegetation in Oklahoma Ouachita
Mountains," and Chapter VIII, "Wildlife use of oak-pine

habitats altered by fire and timber harvest."
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CHAPTER II
'LITERATURE REVIEW
Supplemental Forage

The basic premise behind manipulation of game habitats
is that something is limiting within a particular species'
range that a manager can correct. Much of wildlife
management's philosophy behind habitat manipulation arose
from agricultural schools of thought. If the farmer
intensifies his efforts and refines his technique, greater
production is realized. Wildlife managers often have the
same goals in mind (Larson 1969).

The use of supplemental forage clearings in forested
settings has long been recommended for management (Leopold
1933). Handy and Scharnaégl (1961) described in detail the
agricultural methods used to establish cultivated food plots
only to have them end up similar to permanent pastures.
Miller (1965:173) flatly stated that wildlife openings were
the "basic ingredient of stable game populations." However,
censusing methods were inadequate to measure population
response to such treatments (Handy and Scharnagel 1961).
Permanent openings provided loafing, nesting, and feeding
areas (Miller 1965). Larson (1967) provided unusual insight

12
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into the utility of management practices geared toward
supplementing forage by recommending that these techniques
be evaluated on the basis of objective criteria.

The value of providing supplemental forage has been
shown in forests of limited productivity (Segelquist 1974).
However, during late fall and winter deer (Odocoileus
virginianus) selected appreciable amounts of other foods
(browse and herbage) only when hard mast was unavailable
(Segelquist and Green 1968, Harlow et al. 1975). Oak
(Quercus spp.) mast was substantially higher in nutritional
quality than other available forage. Adequate nutrition
could be provided without hard mast, but only in unique
situations (Harlow et al. 1975). Although Goodrum et al.
(1971) found that total mast failure never occurred during
their 20-year study, their results may not be applicable to

oak-pine (Pinus spp.) habitats in mountainous terrain. Mast

shortfalls have been reported in the Ozark Plateau region of
Arkansas (Segelgquist 1974).

Winter mortality of deer, decreased productivity, and
summer fawn mortality have been related to mast failures
(Segelquist et al. 1969, 1972; Logan 1972). The Ozark and
Ouachita Mountain regions lack an adegquate understory forage
base and a suitable evergreen winter browse (Segelquist and
Pennington 1968; Segelquist et al. 1969, 1972). One
approach to this problem was to establish forage clearings

and honeysuckle (Lonicera japonica) plantings (Segelquist
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and Rogers 1974). The greatest use of these clearings
occurred when mast was scarce. In deer enclosures where
supplemental clearings was provided, mortality was less in
years of mast failure than on control areas (Segelquist and
Rogers 1974).

Cultivated forage openings have been criticized widely
by wildlife managers (Larson 1967). Managers criticisms
were cost inefficiencies, concentration of wildlife and
increased chances for disease transmission, untested use as
a management practice, and cultivated openings generally
provided little benefit (Larson 1967). Long term studies on
nutrient-limited oak-pine habitats could provide some
answers as to the utility of forest habitat manipulation for
the expressed purpose of increasing carrying capacity.
Forested habitats that are nutrient limited support fewer
animals and presumably a population response to manipulation
would be easier to detect than in more productive areas
(Ripley 1980).

Many recent studies on effects of clearcutting on
wildlife have reported substantial increases in forage
production, even on relatively poor sites (McComb and Rumsey
1981, Conde et al. 1983a, Waldrop et al. 1985). The
implications are obvious. Maintaining clearcuts in an
unregenerated state with periodic presdribed fire may be a
more cost effective management tool than cultivated forage

openings. It may be that cultivated forage clearings are
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useful and can be economically justified. Problems still
remain with concentrating wildlife and the potential for

disease transmission on cultivated clearings.
Clearcutting

Regeneration clearcutting has received more attention
than any other method of stand regeneration. Davis (1970)
aptly defended clearcutting and even-aged management systems
for forest management from an economic and efficiency
standpoint. Oliver (1981) and others have indicated that
clearcutting approximated natural disturbance that leveled
large areas, because the subsequent stand that developed was
even-aged. Clearcutting was the preferred method of
regeneration in the east (McQuilkin 1970) because plantation
grown pine produced substantially more fiber in shorter time
periods than unmanaged tracts (Hurst and Warren 1980).

Loblolly pine (P. taeda) was favored over shortleaf pine (P.

echinata) because shortleaf pines' growth and yield pattern
was considered unsuitable for pulpwood rotation (Williston

and Balmer 1980).

Effects on Plant Succession

The effects of clearcutting varied with the intensity
of site preparation, vegetation control methods, and the
species replanted (Hebb 1971, Stransky 1976, Dickson 1981).

Across the South, numerous studies showed that 1-3 years
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after clearcutting, there was a marked increase in
herbaceous, graminoid, and woody understory forage
production (western Arkansas and eastern Oklahoma, Ouachita
Mountains [Fenwood et al. 1984]; west central Arkansas,
Ouachita Mountains [Kuroda 1984]; western North Carolina
[Harlow 1967]; South Carolina Piedmont [Cushwa and Jones
1969]; Georgia Piedmont [Atkeson and Johnson 1979];
central Florida sandhills [Beckwith 1964]; Florida
sandhills [Umber and Harris 1974]:; horth Florida flatwoods
[Moore et al. 1982; Conde et al. 1983a,b]; Florida
flatwoods [Swindel et al. 1983]; northwest Florida sandhills
[Hebb 1971]; southwest Geofgia [Buckner et al. 1979]; east
Texas [Schuster 1967, Halls and Alcaniz 1968, Stransky et
al. 1974, Stransky 1976, Stransky and Halls 1978]; interior
flatwoods Mississippi [McKee 1972, Perkins 1973, Hurst and
Warren 1980]; and North‘Carolina pocosin [Hazel et al.
1976]). Generally, annuals predominated after the first
growing season, then in succeeding years grasses and herbs
were followed by perennial grasses with a distinct shrub
component. 7 |

The successional progression described by Hebb (1971)
was quite similar for‘all sites in the southern and eastern
United States. The progression was: 1) the denuded site,
2) profusion of forbs and grasses, 3) dominance by
relatively few species, and 4) shading oﬁt of understory by

the developing overstory. Initially, species diversity was
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increased in southern and eastern studies.

Plant succession following clearcutting was affected by
the intensity of site preparation (Moore et al. 1982) and
prior land use (Harris 1980). Increased site preparation
intensity caused more rapid successional change, and
initiated earlier crown closure. In southwest Georgia,
Buckner et al. (1979) found that herbaceous cover was
increased more on chopped and burned sites than on less
intensive site prepared areas; however, differences were
not significant at the end of 3 years. Species diversity,
cover and biomass response was lower on intensive prepared
sites compared with less intensive methods, but differences
disappeared after 2 years (Conde et ai. 1983a,b; Lewis et
al. 1984; Moore et al. 1982). Relative dominance of woody
plants was decreased by;intensive methods (Conde et al.
1983a,b; Moore et al. 1982). Forage response in the
understory was less on previously cultivated sites (Harris
1980). Less intensive methods favored wildlife (White et
al. 1975). The differences noted in some of the studies may
be related to on site factors such as former vegetation,
soil type, moisture regimes (Johnson et al. 1974) and former

land use (Harris 1980).
Effects on Browse and Forage Production

In studies from Michigan to Maine and across the mid-

south, browse production on clearcuts increased as much as
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three times that of untreated sites (Gysel et al. 1972,

Sweeney 1980, McComb and Rumsey 1981, Monthey 1984, Waldrop
et al. 1985). On clearcut hardwood sites fruit yield
increased significantly 4 years after clearcutting hardwoods
(Crawford and Harrison 1971, McComb and Rumsey 1981).
However only on better sites could increased fruit
production offset the loss of hard mast production in
poorest years (Crawford and Harrison 1971).

Forage yields and fruit production were related to site
preparation intensity. Forage yields and fruit yields
increased on less intensively site prepared areas (Stransky
and Richardson 1977, Stransky and Halls 1978). Mechanical
site preparation resulted in less production due to the
amount of soil disturbance (Stransky and Halls 1980).
Burning increased nutrient quality in forage over mechanical
site preparation and no site preparation (Stransky and Halls
1976). On intensively cultivated sites in Mississippi,
Wolters and Schmidtling (1975) found that browse and forage
yields were less than half of that on uncultivated areas.
After 12 years browse production was equal on both
treatments. When windrowing was used as part of the site
preparation phase, plant species in windrows were different
from areas between windrows and windrows generally supported
more diverse wildlife (Perkins 1973).

On the other hand, sheared sites in Michigan produced

more browse than less intensive methods because of increased
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sprouting from roots and stumps from the original hardwood
stand (Gysel et al. 1972). In Texas, K-G blading and raking
slash reduced production when compared to less intensive
methods (Stransky 1976). The cost of site preparation on
poor oak sites (site index less than 45) could not be
justified when convertiné to red pine (P. resinosa) (Gysel

et al. 1972).
Effects on Wildlife

As clearcut stands succeeded to later stages, there was
a commensurate change in associated wildlife species
(Johnson et al. 1974, Atkeson and Johnson 1979). The
initial response of wildlife to clearcutting was immediate
displacement. For example, sduirrel (Scirus niger and S.
carolinensis) use in southern Ohio initially declined by 44%
after clearcutting (Nixon et al. 1980). Foraging guilds for
various bird species were virtually eliminated (Webb et al.
1977). 1Initially, food production on site prepared areas
favored seed eaters and herbivores (Buckner et al. 1979,
Swindel et al. 1983). Small mammai use was unchanged while
winter bird densities increased (Swindel et al. 1983).
Cardinals (Cardinalis cardinalis) and Carolina wrens
(Thryothorus ludovicianus were widely tolerant of conditions
following clearcutting (Dickson 1981), typically these
species were winter residents. Byford (1969) found that

white-tailed deer (Odocoileus virginianus) continued using a



20
clearcut area that was within their normal home range
indicating their tolerance for a wide range of habitat
conditions and disturbance. Deer activity became more
concentrated on the clear-cut areas as food plants increased
in abundance (Byford 1969).

Several southern studies found that in the first few
years after clearcutting, with increased herb, grass and
browse production, wildlife species such as small seed-
eating mammals (Umber and Harris 1974, Atkeson and Johnson
1979), meadow lark (Sturnella spp.), bobwhite quail (Colinus

virginianus), mourning dove (Zenaidura macroura), certain

song birds and cottontail rabbits (Sylvilaqus floridanus)

were benefitted (Johnson et al. 1974). McComb and Noble
(1982) found that bird and small mammal use increased in
clearcuts the first year but small mammal use declined
thereafter. Clearcuts with snags provided an important
source of nesting habitat for eastern bluebird (Sialia
sialis). Bluebirds were out-competed for nest sites in

urbanized areas by English sparrows (Passer domesticus) and

starling (Sturnus vulgarus) (Conner and Adkisson 1974).

Eastern wild turkey (Meleagris gallopavo silvestris)

(Kennamer et al. 1980, 1981, Bidwell et al. 1989) and white-
tailed deer (Umber and Harris, 1974) used early successional
clearcut stages seasonally. Blair et al. (1977) indicated

that although an abundance gf'forage was found on clearcuts,

it was deficient in phosphorus and that this may be a
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limiting factor for deer in Louisiana. Halls and Alcaniz
(1986) found that fruit and twig growth increased seven
times in the open over what was found in a sawtimber stand.

Clearcutting and site preparation increased winter food
availability for deer (McKee 1972). Deer digts were
generally higher in nutritive value in clearcuts than in
forests (Thill and Morris 1983). 1Initially, deer use of
clearcuts may be limited to the edge (Waldrop et al. 1985).
Deer use in one study increased on clearcuts but was limited
to 100.5 m from cover (Tomm et al. 198l1l). As pine stands
developed in height on previously clearcut sites, deer use
of the central portion of the stand increased. Melchiors et
al. (1985) found that all portions of large (128-276 ha) 4-
5-year-old pine stands were used in southeastern Oklahoma.
Some preference was noted for edge boundaries. However
large contiguous clearcuts regenerated to pine are deficient
in hard mast.

Use of clearcuts by deer was influenced by size, shape,
interspersicn with uncut mature timber, site treatment (Tomm
et al. 1981), and age of the clearcut (Melchiors et al.
1985). Increased use was related to more available and
nutritious forage in clearcuts (Thili and Morris 1983).
Monthey (1984) was the only study that indicated deer were
adversely affected by clearcutting. Deer use of clearcut
areas may be modified by human disturbance. With high

levels of human harassment deer use of clearcuts declined
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(Tomm et al. 1981).

Fire

I Annual burning in southeastern Oklghoma was common

E until 1926 (Bruner 1931, Little and Olmstead 1931). Records

§ of annual burning date back to Nuttall's explorations into

southeast Oklahoma in 1819. The Oklahoma Forest Service

' established its Southeastern Oklahoma Protective Unit in

i 1926 and until that time an estimated 1/3 to 3/4 of the
upland pine-oak area of the Ouachita Mountains were burned
each year (Little and Olmstead 1931).
o Southeastern Oklahoma is unique because of the
interspersion and juxtaposition of different habitat types.
Oak-pine, oak=-hickory (Carya spp.) and Cross Timbers
vegetation types are in close proximity along the western
edge of the Ouachita Mountains. Areas of relict tallgrass
prairie exist in small interspersed pockets (Duck and
Fletcher 1943).

Given the past fire history of southeastern Oklahoma
and the interspersion of vegetation types, this section
reviews fire literature pertinentAto the 3 major vegetation
types: oak-pine, oak-hickory and tallgrass prairie. Cross
Timbers are considered to be an extension of the oak-hickory
type with hickory becoming less important in the western

extent (Bruner 1931, Oosting 1956).
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Oak-pine or Southern Pine Forest

Fire has played a major role in the development and
maintenance of the southern pine ecosystem (5253555L3215*
Garren 1943, Van Lear 1985). - Fire in the oak-pine forest

A AT 1 i,
”

type results in pine dominance over oak to form a disclimax

association rather than an oak climax association (Garren
1943, Oosting 1956). Many of the virgin stands of pure pine
in upland habitats developed because of frequent fire
(Garren 1943), and after timber harvest, a mixed oak-pine
forest developed because of the lack of fire (Barrett 1962).
In the absence of fire, succession progresses from oak=-pine
to a oak-hickory climax (Brunef 1931, Little and Olmstead
1931, Braun 1950, Oosting 1956). When the forest is
harvested, succession is re-directed and the effects of fire
may be masked or even highlighted (Oosting 1956, Barrett
1962). Succession is hastened to oak-hickory climax when

selective pine harvest is practiced (Van Lear 1985).

Effects of Fire on Pines. Southern pines were
generally tolerant of low intensity fires, especially after
they reach the sapling stage (>2.4 m in height) (Garren
1943). Shortleaf pine was more fire tolerant than loblolly
pine and was one of the few pines that sprouted following
fire or mechanical injury to seedlings (Garren 1943, Wright

and Bailey 1982). Over half of shortleaf seedlings (<2.4 m

in height) subjected to injury will survive by sprouting
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(Garren 1943).

Effects of fire on pines were well summarized by Wade
and Johansen (1986), who resolved some of the apparent
contradictions found in the literature regarding the effects
of fire on growth rates of southern pines. Often results
were not comparable because differences in burning season,
fuel loads (and consumption), and fire intensity were not
reported (Wade and Johansen 1986). However, Wade and
Johansen (1986) concluded that re-introduction of fire into
stands long excluded from fire may cause delayed mortality
from stem girdling, because low intensity fires may smolder
in the accumulation of sloughed bark and litter around the
immediate bole of the tree. Tree mortality was related to
bark thickness, moisture content of the tree (Martin 1963),
diameter of tree, fire intensity and residence time (Cushwa
and Martin 1969, Wade and Johansen 1986). Fire intensity
determined largely the extent of bark char and crown damage
(Cain 1984) and was primarily a function of fire type
(backfire vs. headfire) (Fahnestock and Hare 1964) and
season of burn (Waldrop and Van Lear 1984). The height of
crown scorch was a geometric function of fire intensity in
northern pines (Van Wagner 1973) and presumably southern
pines as well. Thus, fire intensity could be used to
predict the effects of fire on woody vegetation (Cain 1984).
Strip headfires were the preferred burning technique in

managed pine forests of the region because headfires were
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often sufficiently intense to cause excessive crown damage
and backfires were too slow to burn large stands (Wade and
Johansen 1986, Wade and Lunsford 1989).

Southern pines are fire resistant and usually will not
die if terminal buds are not killed, even with total crown
scorch. The likelihood of mortality could be high if buds
were physiologically active and ambient temperatures were
high. Active buds were more likely to receive lethal doses
of heat because less heat was required to raise buds to
lethal temperatures (Wade and Johansen 1986).

Studies of fuel consumption comparing headfires and
backfires in pine forests showed conflicting results and did
not aid our ability to predict or interpret vegetation
response to fire type. Numerous field and laboratory
studies showed that backfires consumed more fuel (Hough
1968, 1978, Wade and Johansen 1986). On the other hand,
Davis and Martin (1960) and Fahnestock and Hare (1964) found
that fuel consumption was greater when headfires were used.
Residence times for both types of fire were often the same,
and the base of the tree was subjected to the same amount of
heat energy in both types of fire (Fahnestock and Hare

1964) .

Frecquency and Seasonality of Fire. Recommended burning

frequency for maintenance of loblolly or shortleaf pine is
related to the size of trees within the stand. Wright and

Bailey (1982) indicated that after pine stands reach sapling
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size the initial burns are for hardwood control and
thereafter should be conducted at 5- to 1l0-year intervals in
loblolly stands and 2- to 3-year intervals in shortleaf pine
stands. Komarek (198la) recommended an overall 3-year

burning cycle for established pine stands.

vl

Fire in the dormant season tends to be less intense and

f

‘has less effect on overall stand composition. Small

hardwood and shortleaf pine may be top killed but will
generally resprout (Komarek 198la). Fire during the growing
season has the potential to affect more change in
composition because the ability to resprout was lowered

because of reduced root carbohydrates (Garrison 1972).

Fire as a Forest Management Tool. Fire has been used

as a forest management tool in the southeast since early

settlement. Most research however, has dealt with

shortleaf, loblolly, longleaf (P. palustris), and slash pine

(P. elliottii) in Coastal Plain areas (Lotan et al. 1978,
Wright and Bailey 1982, Murphy and Farrar 1985). Basic uses
of fire as a forest management technique include: wildfire
hazard reduction, control of cqug;ggg vegetation (usually
hardwoods) , thinning“;ﬁgn}giQASe of crsﬁwEfééé,‘disease
control, site preparation (for both artificial and natural
regeneration), to increase quantity and quality of forage
for livestock grazing, and for managing and improving
wildlife habitat (Williams 1977, Lotan et al. 1978, Crow and

Shilling 1980, Van Lear 1985).
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Hazard reduction burns were undertaken to reduce forest
fuels. A thick rough, or litter layer can accumulate in
just a few years and produce a high intensity fire capable
of damaging overstory trees if ignited at the wrong time.
Periodic burning controls fuel buildup. When fuel levels
were lower the chances of high intensity fires were less in
the event of accidental fires (Van Lear 1985).

One of the major problems in management of pine stands
is competition from herbaceous growth and/or hardwoods,
which may lower growth rates of southern pines (Nelson et
al. 1981). Hardwoods are prolific sprouters, and compete
more vigorously with pine seedlings over longer periods of
time than early herbaceous growth (Grano 1970, Cain and
Yaussy 1984, Cain 1985a, Van Lear 1985).

Burning for vegetation control may be done in
conjunction with thinning (Clason 1984) or chemical control
of competing hardwoods (Loyd et al. 1978, Cain 1985a) to
enhance pine growth rates. Prescribed burning can slow
growth rates of pines (Cain 1985b) and can be used to thin
pines in overstocked stands (Nickles et al. 1981). Adequate
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respond as markedly as younger stands to control of
competing vegetation by the above methods. Cessation of
burning allows hardwoods to reinvade (Cain 1985a).

In an east Texas study, 4 years of annual growing
season (spring and late summer) burns in immature loblolly-
shortleaf sawtimber reduced the hardwood understory more
than dormant season (mid and late winter) headfires. Stems
2.5 cm to 5 cm in diameter were more effectively controlled
than stems >11 cm in diameter (Ferguson 1961).

Similarly, hardwood stem kill was significantly ww>x
greater in summer versus winter prescribed fire in Georgia's !
Piedmont, but stem kill was not different between backfires %
and strip headfires (Brender and Copper 1968). Brender and

.
Copper's (1968) study was one of the few to quantify fire

,\\N\\Mwm

behavior and intensity with respect to effects on -

vegetation.

Effects of Thinning and Fire on Wildlife. Application

of cultural treatments for even-aged pine management, such
as site preparation (Stransky 1981), other mechanical
treatments, thinnings, herbicide use, and prescribed fire
for vegetative control have one objective, i.e., increased
productivity of planation pines (Cain and Yaussy 1981,
Nelson et al. 1981, Pienaar et al. 1983, Clason 1984, Cain
1985a). Thinnings (precommercial and commercial) have
obvious benefits to residual overstory pine or hardwoods,

but they also could enhance the value of the stand for
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wildlife by increasing forage (Blair 1960, 1971; Blair and
Enghardt 1976; Blair and Feduccia 1977; Hurst and Warren
1980, 1982; Hurst et al. 1982). However, the possibility
exists that heavy thinning could encourage the development
of a hardwood mid-story (Blair and Enghardt 1976). A
hardwood mid-story was the principle deterrent to forage

production for deer. 1In order to maintain nutritional

\ggliyable deer browse, pine stands should be managed to _

allow moderate to hi light transm}ssiggwigﬁggg_undgrggggz‘
(Blair 1982). However, eliminatigﬁﬁgj,matu;e—hardwgods

within or adjacent to pine stands eliminates hard mast

___production. Hard mast i critical food i

other wildli in fall and winter monthé (Harlow et al.

1975) .

Fire was a common management tool in loblolly-shortleaf
pine-hardwoodﬁforests of the Southeast for both cattle and
wildlife (Lewis et al. 1982). Fire aided in improving
forage by increasing palatability, nutrient content,
digestibility, productivity and availability of grasses and
forbs (Lay 1967, Komarek 1974, Reeves and Halls 1974, Lewis
et al. 1982). Often the increases in productivity were
dramatic (Oosting 1944, Lewis and Harshbarger 1976). Lay
(1956) and Oosting (1944) also have documented plant species
composition change as well as increased forage production
after burning. The change in vegetation composition

generally lasts 2- to 3-years. Exclusion of fire led to
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declines in ground cover herbaceous plants (Kucera and
Koelling 1964, Lewis and Harshbarger 1976). Lewis and
Harshbarger (1976) used seasonal and cyclic fire treatments
and found that in all cases forage production was increased
over unburned controls. On annual and biennial summer burns
grasses became the dominant understory plants. Forage
production on South Carolina loblolly pine sites was higher
on annual winter burns, than on unburned, periodically
winter burned or any frequency of summer burning (Lewis and
Harshbarger 1976).

. Fire in woodlands may actually promote sprouting of
hardwoods and increase cover at the expense of forage
production (Shrauder and Miller 1969). However, forbs and
/éome grasses, such as the panicums (Panicum spp.), may be
favored (Grelen and Lewis 1981). Frequent summer burns and
both frequent and infrequent winter burns led to dominance
by fire tolerant grasses that may not be utilized by white-
tailed deer (Stransky and Harlow 1981).
Fire may negatively impact wildlife species that depend

_upon soft mast (e.g., blackberry [Rubus spp.], huckleberry

[Vaccinium spp.]) (Lay 1956). Summer burning reduced shrubs

and small hardwoods and changed understory and midstory

composition. Although it was apparent that competi

hardwood midstories could be detrimental to forage

production, hardwoods were critical for some forms of

wildlife. Hardwood mast was used by squirrels, deer, quail,
. ardwood mast ¥was

—— S
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blue jays (Cyanocitta cristata) and wild turkey among
\\//’—

others. tgard mast (acorns, hickory nuts, etc.) may be

__reduced if frequent or large scale intensive fires are used

(Landers 1987).<~$he bark of hardwood trees harbor insects

necessary for many insectivorous birds. The trees also

provide cavities and nesting materials necessary for

squirrels, bats, and cavity nesting birds. In mixed pine-

hardwood stands most breeding birds were associated with the
hardwood component. Canopy stratification was distinct in
pine plantations with competing hardwood midstories (Dickson
1981) . Noble and Hamilton (1975) found that as canopy
strata increased so did the number and kinds of birds.

Fire may be the most important factor controlling

abundance of forest birds. Aside from habitat structure,

fire directly affects food availability for both seed-eating

/@g,ins_eﬂiw_b‘igs (Landers 1987, Komarek 1974). At

ground level, litter dwelling invertebrates were reduced by

fire in the short term. As succulent herbaceous regrowth
occurs, herbivorous insects increased (Dickson 1981). These
changes in the invertebrate community may affect breeding
success of some birds because insects were a critical source
of nutrients for many breeding birds (Landers 1987).

When fire reduced the midstory hardwood component in
mixed pine-hardwood forests, structural complexity was
reduced. Foliage gleaners tied to deciduous midstory and

low shrubs were disadvantaged by periodic fire, but those
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that require pine stands or early successional habitats were
favored. Those species dependent on heavy litter
accunulations, vertical and harizontal structural diversity,
edge or plant species diversity were generally disadvantaged
(Dickson 1981, Landers 1987). Frequent fire can negatively
impact cavity nesters by destroying snags. Burn intervals
from 7- to l10-years may increase snags but they were
generally of small size as large hardwoods were fire
resistant (Conner 1981). The above discussion related
mainly to mid-successional second growth stands. The long-
term results of periodic fire in old-growth stands may
result in a continual supply of trees with cavities and
subsequently snags.

Periodic fire was required to maintain suitable habitat
conditions for some bird species. The red-cockaded
woodpecker (Picoides borealis) benefits from fire in mixed
pine~hardwood stands because prevalent hardwood midstories
create unsuitable habitat conditions (Ligon et al. 1986).
Other birds were noted as fire followers [e.g., eastern
bluebird (Sialia sialis)] (Ahlgren and Ahlgren 1960).
Michael and Thornburgh (1971) noted increased bird numbers
within pine-hardwood stands subjected to partial hardwood
removal (reduced by 11%) and fire.

/4OV' As previously mentioned, legumes increased in abundance

and seed production following fire (Stoddard 1931, 1963).
W

In open areas, panicums and paspalums (Paspalum spp.) were



33

also increased. These species along with other grasses were

important items in the diets of gggﬂgigg_gggi}! mourning

dove (Zenaidura macroura), wild turkey, ruffed grouse

(Bonasa umbellus) and other avian species (Landers 1987).

Some parasites of galliform birds may be reduced by burning
(Stoddard 1931). Burning during the nesting season may
negatively impact ground nesting species as well as low

shrub nesting species (Landers 1987). Birds of prey may be

attracted to burned areas because small mammals, ground

nesting and understory utilizing birds and herpetofauna

become more susceptible to predation when cover is removed

(Landers 1987).

Fire also affects many mammals. Small mammal survival~

in burned areas was dependent on the uniformity, duration,

and intensity of fire, in addition to the animals mobility,~

and position in relation to soil surfaces (Wright and Bailey
1982) and litter structure (Landers 1987). During the first
and second years post-burn, herbivorous and graminivorous

species became dominant and insectivorous species declined.
qigx_small mammals required eag;z_;g_m_i_gzgggg_e_gg_ignal~
__habitats, that was created or maintained b ire (Landers

1987). Fire may be an important factor in niche separation

between gray squirrels and fox squirrels in Coastal Plain

-

regions with mixed oak-pine forests, because fox squirrels
\*___.______'/

readily used pine as a habitat component (Landers 1987,

Kirkpatrick and Mosby 1981). Rabbits (Sylvilagus spp.) also
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were benefitted by fire (Landers 1987). Any benefit to

small and medium size mammals also benefited mammalian

predators (Landers 1987).
In general, advantages of fire in pak-piné forests

included: (1) the ability to control and direct hardwood

midstory development to achieve specific wildlife management

objectives; (2) removal of litter for enhanced growing

conditions; (3) increased forage palatability, nutrient

content, digestibility; and (4) increased herbage

production and availability (Lay 1967, Komarek 1974).

-
Seasonal use of fire allowed the manager to shift plant

community composition to favor management objectives whether
they be wildlife or livestock oriented. Timber production,
livestock, and specific wildlife species could be benefitted
by modifying season of burning and using deferred grazing

schedules with winter supplementation.

Effects of Fire and Overstory on Forage Quality.

There is a high potential for immediate nutrient release
from burning forest floor litter (Curtis et al. 1977).
Burning generally increased the nutrient content and
palatability of forage (Lay 1967). DeWitt and Derby (1955)
found burning to increase crude protein and decrease ash in
forage. Lay (1957) also reported an increase in crude
protein and in phosphorous on burned versus unburned pine-
hardwood stands. However, Dills (1970) reported no response

of nutritive values of woody plants to burning in Tennessee.
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Lay (1967) found that the effects of fire persisted about 2

years. However, Wood (1988) reported that effects from
hazard reduction burns appeared to be small and lasted only
a few months. Wolters (1981), Hurst et al. (1982) and Hurst
and Warren (1980) recommend thinning and burning together.

Although numerous studies have demonstrated a clear
relationship between forage production and overstory basal
area (BA) (e.g., Wolters 1973, Blair and Enghart 1976,
Fenwood et al. 1984), results were quite variable with
nutrient response and BA. Conroy et al. (1982) indicated
that crude protein levels were unrelated to overstory BA in
thinned loblolly pine plantations. But the range of BA was
relatively narrow, and may not have been wide enough to
detect a meaningful relationship. Fenwood et al. (1984)
found that phosphorous, crude protein, calcium, and TDN of
composited understory forage samples showed no apparent
relationship to BA or stand age in Oklahoma and Arkansas
shortleaf pine stands.

Species composition changes in response to changes in
residual overstory BA. Therefore, comparisons of treatment
effects and relationships of nutrient levels to overstory
cover using composited samples may not be valid. Nutrient
response data from Fenwood et al. (1984) indicated that
overall nutrient changes under differing pine stand BA's was
minimal. |

Evidence suggests that nutrient response of the same
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plant species was related to canopy cover. Increased canopy
cover in young longleaf (P. palustris) and slash (P.
elliotii) pine stands increased protein and phosphorous
content but decreased nitrogen-free extract (Wolters 1973).
Fiber content increased under shade and offsets gains in
protein and phosphorous because of reduced digestibility
-(Blair et al. 1983). Total available nutrients were greater
when more light reached the understory because of reduced
fiber, increased digestibility, and increased forage
production (Blair 1982, Blair et al. 1983). In the Edwards
Plateau of Texas, crude protein and phosphorous levels were
lower in open areas as well (Valentine and Young 1959).

In contrast, Halls and Epps (1969) found crude protein
and phosphorous values to be greater with less overstory
cover, but calcium levels were lower. Fuller (1976)
reported that nutrient response varied by plant species,
part, and season on Gulfwest Coastal Plain sites in Oklahoma
and that Ca:P ratios were the only parameter that
consistently differed between clearcut and selectively cut
shortleaf pine stands. However, comparison of Fuller's
(1976) data for the same season of collection, with that
from Halls and Epps (1969) revealed similar findings with
the exception of crude protein. Crude protein had no
consistent relationship over the range of plant species
analyzed. Fire histories of sites studied by Fuller (1976)

and Halls and Epps (1969) were not documented and may have
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influenced findings.

Contradictions in the literature on the relationship of
nutrient response to fire and overstory characteristics may
be related to the manner in which the studies were
conducted. Fire history or stand characteristics were not
documented adequately enough to make valid comparisons.
Composited samples of all plants in a quadrat were used in
some studies while separate species were used in others,
which further confounds comparisons of relationships between
fire, overstory, and nutrient levels of forages.

Variability of nutrienf responses in plants were
related to plant species and phenolbgy (Fuller 1976),
overstory characteristics (Blair et al. 1983, Halls and Epps
1969), site characteristics, season of collection, possibly
rainfall, and the presence or absence of fire (Lay 1967,
Lewis et al. 1982). Site characteristics were apparently
less important than the above factors (Reeb and Silker
1979). Although several studies on forage quality have
demonstrated changes in nutrient levels because of habitat
manipulation, none have looked at targeting management
efforts to raise forage quality for deer during critical

fall stress periods.

Oak-hickory Forest

The oak-hickory forest, an association of the eastern

deciduous formation, occurs as a wide band around most of
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the margin of the deciduous forest formation (Braun 1950,
Oosting 1956). This association occurs throughout the
Piedmont and Coastal Plain regions in an ever widening arc
into Texas. At the western extent in Texas and Oklahoma,
the oak-hickory forest becomes savannah-like, intermingles
with tallgrass prairie, and is known as the Cross Timbers.
The oak-hickory forest is more or less continuous, extending
north from the Cross Timbers into western Minnesota, then
across to the New England states (Oosting 1956). On the
southern end, this association is intermingled with the
southern pine subclimax. The oak-hickory forest is
considered as a more drought resistant part of the deciduous
forest formation (Braun 1950, Oosting 1956). Much of the
southern pine region can be considered as an oak-hickory
association, but fire has caused a pine-dominated subclimax
in local situations and generally in coastal plain areas
(Oosting 1956). A detailed coverage of the nature and
extent of this association is given by Braun (1950).

Oosting (1956) considered Cross Timbers as part of the
oak-hickory forest in a transition zone. 1In Oklahoma, the
Cross Timbers region is dominated by post oak (Q. stellata),
blackjack oak (Q. marilandica), and occasional black hickory
(C. texana). To the east and extending north into the Ozark
Plateau, on more moist sites, northern red oak (Q. rubra),
white oak (Q. alba), black oak (Q. velutina), mockernut

hickory (C. tomentosa), and bitternut hickory (C.
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cordiformis) are some of the more important upland species
(Bruner 1931).

Effects of fire in oak-hickory ecosystems have been
largely overlooked in ecological and fire literature.

Wright and BE&&EZrJlasz) did not mention fire in oak-hickory

TN e et

forest types, except to note that the natural role of fire
in Cross Timbers was unclear. Neither did Chandler et al.
(1983) mention the role of fire in oak-hickory community
ecology other than in scrub oak habitats of the New England
states. Ahlgren and Ahlgren (1960) discussed oaks only
twice in the context of fire and soil relationships.
Komarek (1981b) noted that we were in need of research on
fire effects in hardwood types in general.
[ —— The oak-hickory forest is considered to be fire prone,
% with the primary fuel being oak leaves (Lotan et al. 1978).
'f Lotan et al. (1978) considered most fires to be of low to
rrmoderate intensity with mortality limited to young trees.
However, Anderson and Brown (1986) indicated that fires in
this type were of high intensity. Both statements were true
when taken in context. Anderson and Brown (1986) worked
with grassland-forest ecotone areas and Lotan et al. (1978)
made generalizations from more mesic portions of the oak-
hickory forest type, that tend to form closed canopies.
Guyette and McGinnes (1982) used dendrochronology of
red cedar (Juniperus virginiana) as a means of

reconstructing fire history of an Ozark glade in southwest
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Missouri. They discovered that from 1630 to 1870 fire

occurred at an average interval of 3.2 years. Frequency
dropped to once every 22 years after settlement and

displacement of the Osage Indians.

Effects of Fire on Vegetation. Literature on fire in
the oak-hickory forest is sparse, inconsistent, and
frequently speculative. For the most part, fire in
hardwoods has been dealt with in a negative context, i.e.,
advocating forest protection because of perceived relative
intolerance of hardwoods to fire (Davis 1953). Otherwise
the literature deals with either the subclimax southern pine
region or the forest-prairie interface, with the emphasis on
maintaining these respective subclimaxes (Garren 1943,
Ahlgren and Ahlgren 1960, Kucera and Ehrenreich 1962, Kucera
1978). The classical climax succession model of seral
stages progressing to an oak-hickory climax (in the absence
of fire) is tacitly assumed in discussions relating to the
oak-hickory forest association. More recent research
indicates that the decline in Quercus spp. dominance may be
related to the exclusion of fire (McGee 1980, 1986, Huntly
and McGee 1981, Teuke and Van Lear 1982). Evidence from the
Cumberland Plateau region of Tennessee and in north Alabama
shows that fire intolerant, shade tolerant trees [e.g.,

yellow poplar (Liriodendron tulipifera), silver maple (Acer

saccharum), white ash (Fraxinus americana)] were able to

regenerate under dominant oaks and will express dominance in
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the advent of harvest of oaks or through progressive aging,
senescence and mortality in the absence of periodic fire.

Wildfires were common in upland hardwood forests in the
Southeast and may have affected stand composition (Garren
1943). Open park-like oak forests were present during the
Indian Period in southern New England states and in the
southern Appalachiahs, probably a result of recurrent fire
(Niering 1978, Van Lear and Waldrop 1989). Historical
records indicate that the Missouri Ozarks were open park-
like stands intermingled with prairie in the seventeenth
century. The area is now completely forested because of the
elimination of fire (Beilmann and Brenner 1951).

In experimental burning of an oak-pine forest in
Connecticut, Niering (1978) recreated park-like conditions,
retaining larger stemmed oaks within the stand. Trees over
15 cm d.b.h. (diameter at breast height, 1.4 m above ground
level) remained vigorous, except for occasional fire scars.
Fire scars on the butt of hardwood stems were the most
important means of entry for decay-causing fungi. As the
tree ages, considerable merchantable volume could be lost
because of spreading decay (Lotan et al. 1978).

Resistance to fire in oaks varied with age or bark
thickness and species differences. Large-stemmed oaks
showed a marked resistance to fire (Garren 1943, Kucera et
al. 1963, Komarek 1981b, Sanders et al. 1986, White 1986).

The time for the cambium of trees to reach lethal
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temperatures increased with bark thickness (Hare 1965) and
bark thickness increased with age (Davis 1953). Many of the
oaks were moderately resistant to fire (Davis 1953). Post
ocoaks rated highest in resistance for the oak species given,
but the relative fire tolerance of blackjack oak was not
given (Davis 1953). Oak trees larger than 15 cm d.b.h. were
top killed only with the extreme conditions of high air
temperature and high fire intensity (Penfound 1968, White
1986). Oaks that were top killed sprout prolifiéally and
produced coppice stands (Garren 1943, Penfound 1968).
Although Garren (1943) cited evidence that white oaks
reproduce poorly on burned areas (by sprouts or acorns),
Loomis (1977) noted successful re-establishment of a sapling
white oak-red oak-hickory(stand in Missouri after successive
wildfires 13 years apart. The difference in these 2 studies
may be fire frequency, but soil exposure due to fire may
also be important in seedling establishment. Many hardwood
species required mineral soil for seedling establishment and
mineral soil exposure occurred naturally only with fire
(Komarek 198l1a). Recent research has emphasized oak
regeneration by coppice or by controlling stocking of
competing sﬁecies with periodic fire (McGee 1980, 1986,
Huntly and McGee 1981, Teuke and Van Lear 1982, Augspufger

et al. 1986, Sanders et al. 1986).

Effects of Thinning and Fire on Wildlife. Thinnings

and timber stand improvement were effective in enhancing
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understory forage production in hardwoods (Murphy and
Ehrenreich 1965, Crawford 1971, Knierin et al. 1971, Beck
1983). Harlow (1985) found that forage values in thinned
cove hardwood stands provided more than adequate nutrition
to meet minimum requirements for white~tailed deer. Maxey
(1976) found no significant difference in the number of
greenbriar stems on areas receiving improvement cuts and
thinnings. But this was probably related to high deer
populations on the area. Beck (1983) indicated that
thinning also improved ruffed grouse (Bonasa umbellus)
habitat by increasing ground cover. Control of oak and
hickory sprouts was recommended on poorer sites to favor
species more palatable to deer (Crawford 1971).

Intensive cleaning of all but crop trees also increased
forage production (Della-Bianca and Johnson 1965). Release
efforts have been shown to increase acorn production (Harlow
and Eikrum 1963) and release of suppressed hickories early
on in a regenerating stand will put them in good position as
mast producers later in the rotation (Nixon et al. 1982).
Some nfgiEizgfggpggts—oﬁﬂii;e~inglud§d_potenty£L
reduction of hard mast (acorns) if intensive large scale

e T =

fires were used. Home range displacement may be another

problem (Landers 1987). Fire in woodlands may actually
promote sprouting of hardwoods and thereby increase cover,
but only at the expense of forage production (Shrauder and

Miller 1969).
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Tallgrass Prairie

Fire, at least late spring fire, was almost always
followed by an increase in grasses relative to other plant
growth forms, but the increase was more dramatic in higher
precipitation areas where mulch accumulation suppressed
growth in the absence of fire (Kucera 1978, Hulbert 1988).
Unburned grasslands tended to stagnate and yields declined
(Kucera and Ehrenreich 1962, Komarek 1965, Kucera 1978, Rice
and Parenti 1978). Komarek (1965:190) noted the deleterious
effects of fire exclusion was related to "mulching,
smothering and disease harboring by heavy accumulation of
dead plant growth."

Increased production was the result of increased
nitrogen availability, warmer soil temperatures and
increased surface light intensity which initiated earlier
growth than on unburned areas (Kucera and Ehrenreich 1962,
Peet et al. 1975, Knapp 1984, Hulbert 1988, Svejcar and
Browning 1988). An important function of fire is the
physical removal of standing dead vegetation (Hulbert 1969,
1988). A marked increase in grass production on annually
burned tallgrass prairie, is likely in Missouri with big
bluestem (Andropogon gerardi), little bluestem

(Schizachyrium scoparium) and Indiangrass (Sorghastrum

nutans) producing more numerous flower stalks and greater
yields (Kucera and Ehrenreich 1962). In Oklahoma and

Kansas, big bluestem (Peet et al. 1975, Hulbert 1988) and
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Indiangrass also increase in production after burning
(Hulbert 1988). Little bluestem increased in biomass and
density after burning (Adams and Anderson 1978, Kucera 1978,
Wright and Bailey 1982) except when soil moisture remained
lower than normal (Anderson 1964, Box and White 1969, Adams
et al. 1982).

In general, the advantages of fire in tallgrass
prairie were control of woody plant invasion, removal of
litter for enhanced growing conditions (Bragg and Hulbert
1976), increased forage palatability, and increased herbage
production where soil moisture was adequate (Kucera 1978).
Production was also strongly influenced by amount and
distribution of annual precipitation and soil water-holding

capacity (Sala et al. 1988).

Effects of Season, Frequency, and Iype of Fire. Season

and frequency of fire were major variables that affected
species composition of grasses and forbs as well as
productivity (Bragg 1982, Kucera 1978, Wright and Bailey
1982, Vogl 1974). Depending on local conditions and
management objectives, fire in any season or frequency may
be either beneficial or detrimental (Kucera 1978). The
major effects of timing and frequency were moderated to the
extent and intensity that the area was grazed (Kucera 1978).
Comparisons of season and frequency were difficult because
effects of fire differed yearly and locally. Therefore

statements about frequency, in particular, were difficult to
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quantify with regard to maintaining grassland stability
(Rucera 1978).

Effects of frequency of burning were related to litter
accumulation, plant recovery and production up to time of
burning. In the mesic tallgrass prairie, recovery, litter
accumulation and production was more rapid (Kucera 1978).
Grass production was generally maximized by burning at 2-
year intervals (Vogl 1965). Kucera and Koelling (1964)
found that a fire frequency range of 1- to 3-years was
optimum in Missouri tallgrass prairie. In the second year,
productivity was similar to l-year burns but species
diversity was increased. On areas burned every 5 years
woody species encroachment occurred and productivity
declined.

Seasonal timing may affect plant community species
composition and productivity more than any other factor
(Vogl 1974). Season of burn may have variable effects on
forbs depending on soil moisture (Wright and Bailey 1982).
Generally, late spring burns negatively impacted cool season
grasses as they were actively growing (Wright and Bailey
1982). Warm season grasses were either dormant or had not
expended much energy in the form of new growth (Vogl 1974).
Comparatively, winter and early spring burns lowered
bluestem yields (Anderson 1964). Soil and water losses were
increased on winter and early spring burns before green-up

and cover establishment (Anderson 1965). Winter burns
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generally increased forb compconent, whereas late spring
burns reduced forbs (McMurphy and Anderson 1965, Towne and
Owensby 1984).

Late summer fires have the potential to shift community
composition from warm season grasses (e.g., big bluesten,
little bluestem) to cool season grasses and forbs. This
shift was caused by mortality to bunchgrasses and by changes
in microclimate. Total herbaceous production was not
reduced by late summer burning (Ewing and Engle 1988).

Adams et al. (1982) noted a decrease in herbaceous
production after both summer and winter burns but indicated
that this may have resulted from low soil moisture because
of below average rainfall during the study period. Summer
was most likely the time of year when presettlement fires
occurred (Komarek 1964, 1965, Bragg 1982).

Type of fire also impacted community composition.
Spring backfires decreased tallgrasses, but spring headfires
increased them. Forbs, conversely, were increased by spring
backfires and decreased by headfires, but the magnitude of
this change was small relative to effects of season of burn
(Bidwell 1988).

Effects of season and frequency of burns on the plant
community were moderated by the degree of herbivore
utilization, because litter decreases proportionally with
grazing use. With depleted fuel supplies, fire may become

secondary to grazing intensity relative to plant community
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composition and production. If severely overused, site
deterioration may occur and woody invasion may be |
accelerated because of absence of periodic fire and loss of
competing herbaceous species that often accompany

overgrazing (Kucera 1978, Wright and Bailey 1982).

Effects of Fire on Wildlife. Effects of fire on

wildlife were indirect and operated to change habitat
structure, food availability, quantity and quality (Komarek

1963, Wright and Bailey 1982). Fire may affect the total

e T —

animal species and habitat complex. 1Interacting factors

that change this complex included the plant community sere
(i.e., the current stage of plant succession), the overall
weather pattern (Wright and Bailey 1982), seasonal timing of
the burn, soil properties, topography, animal niches, and
characteristics of the individual fire (Landers 1987). Most

rﬁgggg}es of wildlife require specific habitats and without

some form of successional redirection or method of

disturbance (such as fire) these habitats progressively
- VT T T

\chan e without most eé le ever ici (Komarek 1963).

The intricacy of the wildlifé habitat complex may be
further illustrated by expanding Steuter's (1986) fire-bison
grazing interaction hypothesis to include the greater
prairie chicken (Tympanﬁchus cupido). In my hypothesis, the
fire-bison interaction was expanded to explain how prairie
chicken breeding habitat was historically provided in

tallgrass habitats. Prairie chickens require sites with
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relatively stubby grass or grass/forb cover for booming
grounds and breeding purposes (Manske and Barker 1987). The
bison grazing pattern, migratory to some extent and
concentrating on burned areas, would produce discontinuous
fuels and modify fire return intervals. The resultant
mosaic of vegetation would include bison impacted areas,
particularly near watering sources or wallows, with
vegetation shorter in height because of trampling and
grazing effects from large herds and possibly short term
community shifts based on fire return intervals. Adjacent
sites in the vegetation mosaic with different fire return
intervals would provide the taller vegetation required for
brood rearing (Newell et al. 1987). Prairie chickens
seasonally require a diversity of habitats with different
heights and at different stages of growth (Christisen 1985).
Historically, this vegetational mosaic could be produced in
tallgrass prairie only by the type of fire-bison interaction
proposed by Steuter (1986).

Burning during warm-season dormancy including the late
summer dry season reduced shrubs and small hardwoods, thus
changing understory and midstory composition. However,
forbs and some grasses, such as panicums, may be favored
which benefits most species of wildlife (Grelen and Lewis

1981). Fire in any season lowered soft mast production for

2- to 3-years (Lay 1956). Burning tended to benefit many

gallinaceous birds through increased food supplies, improved
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brood rearihg habitat, and nesting cover, unless burns were
conducted during nesting season (Landers 1987). Fire
increased production, palatability, nutrient content
(primarily protein and phosphorous) (Lay 1957, 1967), and
digestibility of forages for wildlife (Blair et al. 1977).

Frequent summer and winter burns may lead to dominance
by fire tolerant grasses (e.g., bluestems) that could be
detrimental to some forms of wildlife such as white-tailed
deer (Stransky and Harlow 1981) and beneficial to other
wildlife such as the greater prairie chicken (Manske and
Barker 1987). Frequent summer burns reduced legumes which

would be detrimental to bobwhite quail, while periodic

winter burns tended to promote legumes (Grelen and Lewis

1981).

Late spring backfires have advantages over fall or
winter burning because of reduced loss of food and cover for
wildlife. Backfires tended to leave patches of standing
herbaceous material that were beneficial to nesting birds
(Bidwell 1988). Burning small areas in fall or winter in a
patchwork fashion benefitted quail because of increased
legume production over other seasons (Landefs 1981). If
burns were conducted immediately before warm-season
tallgrass regrowth (early- and mid-spring), forb production
may be increased at the expense of tallgrasses (Launchbaugh
and Owensby 1978).

In general, the management advantages to use of fire in

e e e e e e et e s i




51

tallgrass prairie were control of woody plant invasion,
removal of litter for enhanced growing conditions, increased
forage palatability, and increased herbage production if
soil moisture is adequate (Kucera 1978). Seasonal use of

fire allowed the manager to shift plant community

composition to favor management objectives whether they were

wildlife or livestock oriented. Modification of season of

burning and using deferred grazing schedules may allow for
management to benefit livestock, prairie chickens, quail and

other forms of wildlife.
Conclusions

Based upon the foregoing literature review, vegetation
response to timber harvest and fire may be postulated for
the present study area. - Initially, the harvested and winter
burned treatments would pe similar to low intensity site
preparation of clearcuts (Stransky and Richardson 1977,
Stransky and Halls 1978). The clearcut treatment would be
comparable to high intensity site preparation treatments
(Stransky 1976). Rough reduction burns should cause a
response similar to low intensity rough reduction burns
elsewhere in mixed oak-pine habitats (Lay 1956, 1967; Grano
1970; Wood 1988).

The successional progression described by Hebb (1971)
should be characteristic of clearcuts on the study area.

The progression was: 1) the denuded site, 2) profusion of
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forbs and grasses, 3) dominance by relatively few species,
and 4) shading out of understory by the developing
overstory. We would expect plant species diversity and
richness to increase initially.

Tallgrasses were prevalent in eastern Oklahoma and
should be increased with overstory removal and fire. Fire
should slow succession to seral stages dominated by trees on
harvested areas and stem girdle small <15 cm hardwoods on
unharvested sites (Kucera 1978, Niering 1978). Frequent
winter prescribed burns (1= to 2-year intervals) should
increase grass production 10 to 15 times and may control
hardwood coppice to a degree (Ferguson 1961, Kucera 1978).
We do not know if the frequent fire return intervals will
entirely halt secondary succession on oak-pine sites.

Winter prescribed burns of 3- to 4-year intervals should

increase grass production and allow woody plants to invade

such as blackberry and sumac (Rhus spp.) (Bragg and Hulbert
1976, Kucera 1978). Aéain we do not know how long these
openings will persist under less frequent fire return
intervals before forage production declines. Summer burns
and/or periodic shortening of fire return intervals may give
added flexibility to the management strategy of these
openings and help maintain woody browse species. Woody
browse species were important to deer but winter burns may
lead to dominance by fire tolerant grasses that may not be

utilized by deer (Stransky and Harlow 1981). Browse should
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increase in nutrient content and palatability on harvested
and burned areas (Lay 1957, Halls and Epps 1969). Mast
production on harvested areas will be severely impacted, but
at this point we do not know if forage production and

nutrient increases will offset the loss of mast.
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CHAPTER III
STUDY AREA

The study area was located on the Pushmataha Wildlife
Management Area (PWMA), approximately 6 km southeast of
Clayton, Pushmataha County Oklahoma (34° 32' N, 95 21' W)
(Fig. 1). The 29.1-ha study area was within the 45.3-ha
Pushmataha Forest Habitat Research Area. The climate was
semi-humid to humid with hot summers and mild winters.
Summer temperatures frequently exceed 32 C with winds from
the south averaging 17 km/hr. Winter mean daily maximum
temperatures are approximately 13 C. The average frost free
period was 190 days and occurred from late March to mid-
October. Average annual precipitation was 109-127 cm (Bain
and Watterson 1979). Rainfall on the study area between
1978 and 1990 ranged from an annual average of 106-188 cm
based on an October to September water-year. Precipitation
varied considerably in yearly and seasonal distribution, and
August was the driest month (Tables 1 and 2) (Dep. For.,
Okla. State Univ., unpubl. data). Actual monthly and
seasonal rainfall data from 1978 to 1990 are presented in

Appendix A.
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Fig. 1. Location of Pushmataha Wildlife Management Area and

the Forest Habitat Research Area (study area).
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Table 1. Mean monthly and annual rainfall (cm) on

Pushmataha Forest Habitat Research Area from 1978 to 1990.2

Range
Coefficient
Month Mean Minimum Maximum of Variation
October 13.7 2.5 48.0 89.6
November 10.4 0.5 29.6 79.1
December 8.2 0.4 20.3 86.0
January 8.0 0.5 21.7 73.9
February 11.1 5.2 23.6 44.8
March 11.6 4.3 20.3 47.4
April 12.1 1.8 34.8 76.0
May 20.0 3.1 34.8 46.0
June 12.2 4.3 25.0 53.6
July 9.2 1.4 18.2 59.8
August 6.1 0.4 11.5 66.0
September 11.1 0.7 21.4 67.3

Annual 134.6 105.7 187.9 19.8

@ Monthly and annual precipitation was based on a October to
September water-year (Dep. For., Okla. State Univ., unpubl.
data).
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Table 2. Mean seasonal and annual rainfall (cm) on

Pushmataha Forest Habitat Research Area from 1978-1990.2

Range

Coefficient
Season Mean Minimum Maximum of Variation
Oct=-Dec 32.2 5.6 76.7 58.6
Jan-March 30.8 l16.9 65.6 42.6
April=-June 44.3 17.6 73.9 34.1
July-Sept 26.5 10.3 42.8 35.8
Annual 134.6 105.7 187.9 19.8

2 seasonal and annual precipitation was based on a October
to September water-year (Dep. For., Okla. State Univ.,

unpubl. data).
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The PWMA lies in the strongly dissected Kiamichi
Mountains along the western edge of the Ouachita Highland
Province. The Ouachita Mountain uplift was composed of
folded and northward-thrusted Mississippian and
Pennsylvanian rock. Cherty shales and resistant sandstones
occurred along prominent ridges. The soils developed from
sandstone and shales, and were thin and drought prone.

Study area soils belonged to the Carnasaw-Pirum-Clebit
association with areas of rock outcrop. The surface layer
was variable in depth to 30 cm, and texture was stony fine
sandy loam (Bain and Watterson 1979). The Forest Habitat
Research Area (FHRA) was approximately 335 m in elevation
(near maximum), on a southeastern aspect south slope of 5-

15% grade.

The PWMA was in the oak-pine (Quercus spp.-Pinus spp.)

forest type and was unique in that 3 other vegetation types
were in close proximity. Oak-hickory (Carya spp.) and Cross
Timbers vegetation types were within 30 km of the study
area. The nearest extant remnants of tallgrass prairie were
approximately 45 km from the study area (Duck and Fletcher
1943).

The FHRA overstory plant community was dominated by
post oak (Q. stellata), shortleaf pine (P. echinata),
blackjack oak (Q. marilandica), and mockernut hickory (C.
tomentosa). Common understory species include: huckleberry

(Vaccinium spp.), poison ivy (Toxicodendron radicans),
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Virginia creeper (Parthenocissus quinquefolia), greenbriar

(Smilax spp.), grape (Vitis spp.), little bluestem

(Schizachyrium scoparium), panicums (Panicum spp.,

Dicanthelium spp.), and sedges (Carex spp.).

The PWMA was acquired in several tracts from 1946-54
(Okla. Dep. Wildl. Conserv. [ODWC] 1972). Prior to
acquisition the PWMA was grazed, selectively harvested, and
subject to frequent fire. Evidence of fire and logging
persist in subsequently unburned areas. The PWMA was
protected from fire, other than lightning fire and
occasional wildfire, until 1975 when a prescribed burning
program was instigated. The immediate study area was
protected from logging and fire until 1984 when this study
began (R. Robinson, ODWC, per. commun.).

The PWMA was initially established as a deer refuge.
From 1946-68, 192 deer were stocked in Pushmataha County
including PWMA (ODWC 1972). Management efforts at the time
were limited to closure of deer hunting and the
establishment of clearings from 0.1 to 2 ha in size. Deer
hunts were first conducted in 1965 and have continued
annually to present (except in 1969 and 1970 when elk
[Cervus elaphus] were released on PWMA). Deer hunts were
buck only until 1974 when the first either-sex hunt was
held. Since that time, all hunts have been either-sex.
From 1969-72, 71 elk were released on the PWMA (ODWC 1972).

Eastern wild turkeys were released on the management area in
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1973 and 1975-76 (ODWC 1983). Currently, there is a turkey
population estimated at 1 bird per 16 ha. The elk
population declined to a low of 6 in 1984 and has since
increased to approximately 20 in winter 1991 (Fig. 2) (ODWC,
unpubl. data). The initial decline was caused by emigration
related to poor habitat conditions and to nutritional
stress. Later declines were the result of impacts of the
meningeal worm (Parelaphostrongylus tenuis) on the elk. I
hypothesize that the elk population increase has been
brought on by an increase in openings on the area and the
use of prescribed fire, both of which may change
microhabitat features necessary for the gastropod
intermediate hosts. Openings maintained with fire may
provide divergent enough habitats so niche overlap is
minimized and elk and deer are spending less time occupying
the same habitat at a time suitable for elk to pick up the
meningeal worm (Raskevitz et al. 1991).

The deer population reached its highest point, before
the ODWC implemented radical habitat alterations, during
1973 (Fig. 3). At that time the deer herd was estimated at
693 (+ 102) (SE) (1 deer/10.7 ha), based on 12 1l-mile Hahn
lines run 2-4 times between late February and early April
each year (Hahn 1949). The fawn/doe ratio was 0.21 and the
buck/doe ratio was 0.10 as estimated by 20 mile spotlight
routes run 10 times in September. During the 1974 hunts no

yearling bucks were harvested under buck only harvest



80

Fig.‘z. Elk population and hectares of openings (including
cultivated foodplots) created by timber harvest and
maintained in early successional stages with periodic

prescribed fire from April 1969-91.
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Fig. 3. Deer population estimates (+ SE) and hectares of
openings (including cultivated foodplots) created by timber
harvest and maintained in early successional stages with
periodic prescribed fire from February 1966-91. Standard
errors were not reported in years without standard error

bars.
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regulations. The population declined to a estimated low of
394 (+ 16) (SE) (1 deer/18.8 ha) in 1978 (ODWC unpubl.
data).

Before habitat manipulation with timber harvest and
prescribed fire began, a distinct browse line became
apparent with heavy usage of eastern red cedar (Juniperus
virginiana) in winter. An aggressive timber management and
prescribed fire program was begun in 1977. A major part of
this program was to maintain harvested sites in early
succession by use of periodic prescribed fire. Prior to
1977 less than 4% of the PWMA was in cultivated openings.
At present 24% of the area is maintained in clearcut
openings at various successional stages through use of
prescribed fire. Approximately 70 cultivated openings are
maintained as well. Openings of all types comprise 28% of
the total area. In March 1991, the deer population was an
estimated 677 + 142 (1/10.9 ha), similar to that before

population decline. The September 1990 doe\fawn ratios were

0.39 and buck/doe ratios were 0.19.
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CHAPTER IV
METHODS
Expérimental Design

The study area was laid out in a completely randomized
experimental design in winter 1982 (Fig. 1). Fireguards
were bull-dozed around 24 1.2-1.6 ha contiguous, rectangﬁlar
units in 1983 (Chambers and Brown 1983). Beginning in
summer 1984, 3 replications of 8 treatments were randomly
applied to the 24 units. Two replicates of 1 treatment (HT)
were inadvertently burned in winter 1985 because of fire
control problems. Rather than eliminate these units from
the study, data were collected and the units considered as
replications of an additional treatment. This is a valid
procedure for completely randomized designs (Steele and
Torrie 1980:126, 139). The total number of treatments under
consideratiQn then became 9. In addition, unit 24 was not
burned duriﬁg the scheduled time in 1986 because of poor

weather, and was dropped altogether.
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Fig. 1. Pushmataha Forest Habitat Research Area (study

area) treatment layout and experimental design.
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Treatment Description

Treatments, burning sequence, treatment code, and

number of replications (n) are summarized below:

(1)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

no treatment (control) (n = 3);

rough reduction winter prescribed burn - 4-year
interval, 1985, 1989 (RRB) (n = 3);

harvest pine timber only, winter prescribed burn -
l-year interval, 1985-1990 (HNT1l) (n = 3);
harvest pine timber, thin hardwoods, no burn (HT)
(n =1);

harvest pine timber, thin hardwoods, winter
prescribed burn - 4-year interval, 1985, 1989
(HT4) (n = 3):

harvest pine timber, thin hardwoods, winter
prescribed burn - 3-year interval, 1985, 1988
(HT3) (n = 2);

harvest pine timber, thin hardwoods, winter
prescribed burn - 2-year interval, 1985, 1987,
1989 (HT2) (n = 3):

harvest pine timber, thin hardwoods, winter
prescribed burn - l-year interval, 1985-1990
(HT1) (n = 2); and

clearcut and summer site prep burn, 1985 (CCSP)

(n = 3).

One additional treatment, cultivated food plot, was

included in the part of this study that determined relative
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herbivore use of treatments (See Chapter VIII). Three food
plots were established in the 1960's adjacent to the present
FHRA location. They were included to compare herbivore use
of a traditional management technique with those under
development. According to Steele and Torrie (1980),
inclusion of this additional treatment is valid in a
completely randomized experimental design. The food plot
treatment is summarized as follows:

(10) cultivated fertilized food plot, planted to

fescue, rye, vetch, and Korean lespedeza; plots

were mowed each fall and disced periodically (FP)

(n = 3).

Application of Cultural Treatments

In summer 1984 merchantable pine timber was harvested
and hardwoods selectively thinned by single stem injection
using 2-4 D, to a basal area (BA) of 9 mz/ha. Prescribed
burns using strip~head fires were conducted in winter 1985
and in succeeding years at appropriate intervals. After
1985 burns, headfires were the primary type of fire used.
The total fire configuration for experimental units was most
often a ring fire. Fire behavior parameters were measured
on 1988 prescribed burns. Methods and results from these
burns are reported in Appendix B.

The clearcut site prep treatment was applied with

standard practices used by industrial timber companies. The
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sites were prepared by shearing, raking and windrowing
logging debris with a site prep burn conducted during summer
1985. The clearcut replicates (n = 3) were contour ripped
to an average depth of 50 cm on 2.4 m centers the following
March. Genetically improved loblolly pine from the
Weyerhaeuser Co. (Fort Towson, Okla.), were planted on a 2.1

X 2.4 m spacing in early April 1986.
Vegetation Sampling
Density, Cover, and Use

In July 1983 a stratified random sampling scheme using
lmx1lm (1l m2) and 4 mx 4 m (; m2) nested quadrats were
set up to sample understory, midstory, and overstory
vegetation (Oosting 1956:47-50, 62). Herbaceous blants were
measured with 1-m? quadrats and woody plants measured with
4-m? quadrats. Two random points on a baseline were chosen
with transect lines emanating perpendicular to the contour
(Oosting 1956). Five permanent plots were established at
19.8-m intervals on each line within a treatment unit (n =
10). In order to avoid bias caused by influences from
adjacent treatment units, I did not sample within 19.8 m of
any edge to avoid bias from adjacent treatment units
(Oosting 1956, Mueller-Dombois and Ellenberg 1974).

Vegetation sampling was conducted in September and
October of each year to coincide with the late summer early

fall stress period for deer (Fenwood et al. 1984). A
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baseline survey was conducted in 1983 prior to any
treatment. Data collected included plant species density,
percent ground cover, énd browse utilization. Frequency of
occurrence was calculated later from field data.

Browse use on each plant species was grouped into 4
categories based on the average proportion of current annual
growth (CAG) browsed. The utilization categories were none,
trace (<25% CAG browsed), moderate (25-50% CAG browsed), and
heavy (>50% CAG browsed).

Vegetation data was recorded by strata occupied and
crown position (midstory and overstory) relative to stand
canopy structure. Strata designations were 0-1 m, 1-3 m,
and >3 m. Strata >3 m were categorized by position relative
to stand canopy structure and were suppressed (>3 m, but
with crowns not extending into the canopy), intermediate
(crowns extending only into mid-canopy), co-dominant (crowns
in the upper canopy but not extending gbove average height),
and dominant (crowns well established in upper canopy and
extending above average canopy height) canopy position
(Smith 1962). On harvested treatments, strata designations
of residual trees was based on prior stana structure. No
. tree or shrub regrowth was >3 m.

Overstory vegetation was further quantified using the
variable radius plot method (Avery 1964). Basal areas were
taken using a l0-factor prism with plot center at the center

of the 4-m? plot. Overstory canopy cover was measured at 9
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cardinal locations with the center point being the location
stake for the southwest corner of the 1-m? permanent plot.
Measurements were made with a grided sighting tube with
horizontal and vertical levels (Mueller-Dombois and
Ellenberg 1974). The number of leaf-grid intersections were

counted and percent canopy cover calculated.

Standing Crop

Standing crop was determined beginning in 1986 with 0.5
X 0.5 m (0.25-%@) plots. Plot size and number of plots were
determined using Cain and Castro's (1959) mini