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Concerns that increased pine plantatioﬂ management intensity may negatively
impact wildlife habitat quality is a major issue to forest landowners. I evaluated effects
of 5 pine plantation management regimes varying from low to high intensity on pine
growth, vegetative community characteristics, deer habitat potential, and small mammal
communities during years 1 and 2 post-treatment, on 4 timber industry stands in southern
Mississippi. Pine growth generally increased with treatment intensity. Most vegetative
characteristics were associated negatively with treatment intensity. Total forage value |
estimates indicated that the least-intensity treatment provided the most deer forage due to
greater species richness and understory canopy cover. However, nutritional carrying
capacity estimates indicated that a rﬁoderate-intensity treatment provided the most
foraging potential due to increased biomass of greater-quality forages. Small mammals

experienced limited impact. Quantifying relationships between pine plantation



management intensity and wildlife habitat quality will allow resource managers to make

better informed land management decisions.
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CHAPTERI

INTRODUCTION

Timber production is a major economic industry in the southeastern US and
intensive management of pine planfations is common to maximize fiber production. Pine
plantation acreége in the Southeast is expected to nearly double by 2030 (USDA 1988)

| with a near tripling of harvest yields by 2050 (Haynes 2002), thus implying necessity of
overall management intensity. The trend of intensively managed pine plantations is
primarily driven by financial considerations and concerns about future timber supplies
(Sedjo and Botkin 1997). |

Management strategies at stand initiation typically include use of mechanical and
chemical site preparation, and herbicide tank mixes combined with post-planting
herbaceous control applications are common to reduce the planting and canopy closure
interval. As demandé for timber products and the ability to quickly produce these
products increases, stand rotations 1ikely will become shorter (Borders and Bailey 1997)
accompanied by an increase of overall management intensity.

A trade-off exists between maximizing timber yield and managing associated
vegetation for wildlife. Loblolly pine (Pinus taeda) yields can be increased greater than

five-fold in the southern US with site preparation herbicides (Glover and



Zutter 1993). However, increasing intensity of site preparation can reduce abundance
and diversity of woody and herbaceous plant species depending on herbicide type (Miller
etal. 1999), rate (Zutter and Zedaker 1988), proportion of the area receiving treatment
(Schabenberger and Zedaker 1999), and additive effects of mechanical site preparation
(Harrington and Edwards 1996).

The silvicultural goal of intensified pine management is to reduce vegetative
competition with pine seedlings and to shorten the time between planting and canopy
closure. Due to the importance of vegetative structure and composition on distribution
and abundance of wildlife (Howell et al. 1996), total or near-total control of herbaceous
and woody vegetation during site preparation, followed by herbaceous control treatments
and more rapid pine canopy closure may affect negatively biodiversity and habitat quality
for early-seral species.

Previous studies have compared wildlife habitat and community responses on
chemically- and mechanically-prepared sites, and among various chemical treatments
(Howell et al. 1996). Typically, early seral vegetative and wildlife communities do not
differ between mechanically-prepared sites and those sites receiving a single herbicide
treatment at stand initiation (Miller and Chapman 1995). Small mammal populations are
generally robust to habitat manipulations (Bowman et al. 2001) and have been
documented to recover to pre-treatment levels within 2 years following mechanical or
chemical site preparation (Brooks et al. 1994, O’Connell and Miller 1994). Similarly,
other studies have found enhanced habitat conditions, or limited short-term impacts of
chemical site preparation on habitat conditions for game (McComb and Hurst 1987) and

nongame species (Brooks et al. 1994).



Timber industries are operationally concerned with establishing pine plantations
that maximize economic return from timber production. Much of the prior research
'conceming site preparation effectiveness on pine gréwth and the resulting vegetative
communities that influence wildlife haﬁitat potential was not approached from an
operational standpoint (e.g., experimental plots <1 ha in size, treatments involving
complete vegetation control for >2 years). Thus, their results, although providing
valuable information, did not address industry operational expectations.

I established a gradient of 5 pine plantation management intensities on 4 timber
industry stands in the Mississippi Lower Coastal Plain using varying levels of mechanical
and chemical site preparation and herbaceous weed control. Treatment intensity ranged
from “low” for treatment 1 to “high” for treatment 5, and were expected to develop
distinct communities representing a gradient in vegetation management intensity and
potential pine growth and wildlife habitat response.

The goal of my research was to quantify effects of 5 operational pine plantation
management regimes on pine survival and growth (Chapter II), vegetation community
characteristics and deer habitat quality (Chapter III), and small mammal community
characteristics (Chapter IV). I sampled stands prior to treatment during 2001 and at years
1 and 2 post-treatment during 2002 and 2003. I hypothesized that treatment intensity
would alter response variables and predicted pine growth response would be associated
positively with treatment intensity and that vegetative characteristics, deer habitat quality,
and small mammal community characteristics would be associated negatively with

treatment intensity.
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Quantifying relationships between pine plahtation management intensity and the
vegetative characteristics that affect wildlife populations and habitat quality will allow
resource managers (€.g., industrial and non-industrial timber owners, state wildlife
agencies) to make land management decisions that optimize timber production while
giving consideration to socially important wildlife values.
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CHAPTER I

EFFECTS OF PLANTATION MANAGEMENT INTENSITY
ON LOBLOLLY PINE (PINUS TAEDA)
GROWTH IN MISSISSIPPI

Abstract

Management intensity of southeastern US pine plantations has increased
markedly over past decades, with an emphasis on timber production. I established a
comparison of five pine plantation management intensities in the Mississippi Lower
Coastal Plain (LCP, n = 4), using a gradient of levels of mechanical and chemical site
preparation and herbaceous weed control. Treatments varied from “low” for treatment 1
to “high” for treatment 5, and were expected to produce a gradient in vegetative and pine
grow!:h response. I monitored herbaceous and woody ground cover, woody stem density,
pine ;mvival, and pine growth during years one and two post-treatment (2002 and 2003).
Herbaceous cover, woody cover, and woody stem density decreased as treatment
intensity increased. Survival was less on treatment 5 and decreased slightly on all
treatments during 2003. Pine height and diameter increased as treatment intensity
increased, excepf for treatmeﬁt 2 (i.e., no mechanical site preparation), indicating the
importance of subsoiling and bedding in the LCP. After two growing seasons, a
combination of mechanical and chemical site preparation followed by one or two years of

broadcast herbaceous weed control maximized pine growth.
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Introduction

Forest management practices in the South have changed in response to market
~ conditions, the Sustainable Forestry Initiative, environmental issues, uncertainties about
public land timber supplies, and increased global competition (Wigley 2000). Rather
than a single herbicide application at stand initiation, future management regimes likely -
will include herbicide tank mixes prior to planting to eliminate woody competition,
followed by one or two years of herbaceous release treatments during the first and second
growing seasons after plantiné. Additionally, as production rates increase, stand rotations
likely will become shorter (Borders and Bailey 1997).

Numerous studies have documented effects of herbaceous and woody control on
pine growth. Herbaceous vegetation is the primary pine competitor early in stand
development (Tiarks and Haywood 1986, Haywood and Tiarks 1990, Cain 1991), but
control of herbaceous and woody components allows even greater pine growth (Pienaar
etal. 1983, Bacon and Zedaker 1987, Miller et al. 1995). Additionally, the early pine
growth advantage afforded by competition control often persists into later stand
development stages (Pienaar et al. 1983, Glover and Zutter 1993).

Numerous site preparation methodologies are used by timber industries including
mechanical and/or chemical treatments and may result in varying levels of competition
control efficacy (Shiver and Martin 2002). Mechanical site preparation such as
subsoiling improves pine survival and growth by increasing soil volume available to
roots, thus increasing water and nutriént availability (Allen and Lein 1998). Bedding
enhances survival and growth by consolidating topsoil and improving aeration in poorly

drained areas (Smith et al. 1997). The combination of mechanical and chemical site



preparation can be a more effective means of controlling competition than a single
method used alone (Lauer et al. 1998), thus shortening the time required to meet
silvicultural goals of site preparation.

Timber industries are operationally concerned with establishing pine plantations
that maximize economic return from timber production. Much of the published research
concerning site preparation effectiveness on pine growth was not approached from an
operational standpoint (e.g., experimental plots <1 ha in size, treatments involving
complete vegetation control for >2 years) and the results, although providing valuable
information, did not address industry operational expectations. |

The objectives of .my research were to establish a gradient of operaﬁonal pine
plantation management intensities and quantify vegetative competition control and pine
growth response along this gradient. Ihypothesized that vegetative control and pine
growth response would be altered by treatment intensity. I predicted that vegetative
control would be associated negatively with treatment intensity and that pine growth
would be associated positively with treatment intensity. The results of this research are a
subset of a larger project investigating effects of intensive pine plantation management on
wildlife habitat quality in the Mississippi Lower Coastal Plain.

Study areas and methods

The effects of five levels of pine plantation management intensity on vegetative
control and pine growth were monitored on four tracts of land owned by timber industries
in George, Lamar, and Perry counties in southern Mississippi. Vegetation on all stands

was typical of the Mississippi Lower Coastal Plain (LCP, Pettry 1977). Stands were



harvested during summer 2000—winter 2001, averaged 66 ha in size, and each was
unifbrmly influenced by topography and drainages.

Soil associations were fairly consistent among the study sites. The McLaurin-
Heidel-Prentiss association was common to two stands and was comprised of gently
sloping, moderately well-drained, sandy and loamy soils. The McLaurin-Savannah-
Susquehenna association, comprised of somewhat poorly drained, neafly level upland
soils, occurred on one stand. The Prentiss-Rossella-Benndale association occurred on
two stands and was characterized by loamy and fine sandy loam soils.

Management regimes (i.e., treatments) were selected to represent a range of
operational intensities in timber industry stand establishment techniques. The regimes
were expected to stimulate the development of distinct communities that represented a
gradient in vegetation management intensity /a.nd potential pine growth response.
Treatments were arranged in a randomized complete block design where each of the five
treatments was assigned randomly to a >8-ha area Within each of four stands.
Management intensity, and thus expected pine growth impact, increased from “low” for
treatment 1 to “high” for treatment 5.

Treatment 1 consisted of mechanical site preparation using a combination plow to
subsoil, disk, and bed, pulled behind a bulldozer with a V-blgde attached to the front to
clear debris. A banded herbaceous control in year one was applied using 0.9 kg/ha of
Oustar®.

Treatment 2 consisted of chemical site preparation using a mixture of 2.4 L/ha
Chopper® Emulsifiable Concentrate, 5.3 L/ha Accord®, 5.3 L/ha Garlon 4, and 1%

volume to volume ratio of Timberland 90 surfactant in a total spray solution of 93.6 L/ha.
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A banded herbaceous control in year one was applied using 0.9 kg/ha of Oustar®. No
mechanical site preparation occurred in Treatment 2.

Treatment 3 consisted of mechanical (same as treatment 1) and chemical site
preparation (same as treatment 2). A banded herbaceous control in year one was applied
using 0.9 kg/ha of Oustar®.

Treatment 4 consisted of mechanical (same as treatment 1) and chemical site
preparation (same as treatment 2). A broadcast herbaceous control in year one was
applied using 0.9 kg/ha of Oustar®.

Treatment 5 consisted of mechanical (same as treatment 1) and chemical site
preparation (same as treatment 2). A broadcast herbaceous control in years one and two
was applied using 0.9 kg/ha of Oustar®.

All chemical site preparation treatments were applied during July—August 2001,
and all mechanical site preparation was completed during September—December 2001.
Year one herbaceous control applications were completed during March—April 2002 and
year two herbaceous treatments were completed during March-May 2003.

Additional management characteristics were standardized across all treatment
plots and blocks. Stands were planted during December 2001-January 2002. Pine tree
seedlings were planted with 3.0 m between rows and 2.1 m between trees within a row,
totaling 1,551 trees/ha. Each timber industry cooperator planted their own genetically-
improved seedlings. Banded herbaceous control treatments were mechanically applied
with a band width of 1.5 m, and broadcasted herbicide applications were applied aerially
via helicopter. Stands were not burned. A broadcast fertilizer application of ADAP at 280

kg/ha was applied to all treatments during April 2002.
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All stands were intended to be machine planted to facilitate banding applications.
However, two stands were hand planted due to greater debris loads remaining post-
harvest. Banded herbaceous control was applied by hand on these two sites.

| Woody stem density was evaluated pre-treatment (July 2001) and during years
one and two post-treatment (June 2002 and June 2003). During 2001, density estimates
of woody stems >0.5 m tall were obtained along five, randomly-located 30- x 2-m belted-
transects within éach treatment. During 2002 and 2003, est_imates of woody stems >0.5
m tall within each treatment were obtained using 40, randomly-located 1-m? circular
plots.

Vegetative communities were quantified during June 2002 and June 2003, years
one and two post-treatment. Percentage ground cover of understory woody and
herbaceous species was recorded using a modification of Canfield’s (1941) line-intercept
method within each treatment along 10, randomly-located 30-m transects. A 30-m buffer
zone at treatment boundaries was excluded from sampling. Plants were identified by
species and then categorized by forage type (i.e., herbaceous or woody).

Pine growth response was measured on each treatment plot to compare the
effectiveness and competition control benefits of site preparation and herbaceous weed
control treatments. One pine measurement plot (0.04-ha, 7 rows of 10 trees) was
established within each treatment area. Height (m) and ground level diameter (mm) of
seedlings were measured during June 2002, June 2003, and January 2004. Survival
estimates were based on the 2002 and 2003 data whereas growth estimates were based on

the 2002 and 2004 data.



12

[ used a repeated-measures, mixed model analysis of variance to test fof main
effects of year and treatment and year x treatment interaction for woody stem density,
| woody canopy coverage, herbaceous canopy coverage, and pine survival, height, and

diameter. I compared means among treatments (n = 5) and between years (n =2) in SAS
Proc MIXED (SAS Institute 2000). I treated stands (i.e., blocks, n = 4) as the random
effect, years as the repeated effect, treatment x stand as the subject, and I chose a first
order autoregressive covariance structure for the models because there was one time
interval between sampling periods (Littell et al. 1996). I considered differences
significant if P <0.05. I compared means using Fisher’s least significant difference with
the LSMEANS PDIFF option (Littell et al. 1996). I tested normality and equal variance
assumptions prior to each analysis. I square-root transformed variables with non-equal
variances (Zar 1999). For ease of data interpretation, I presented actual meaﬁs although I
conducted analyses on transformed data.
Results

Site preparation reduced wopdy stem density (Table 2.1). The 3 dominant species
detected prior to treatment were common persimmon (Diospyros virginiana), waxmyrtle
(Myrica cerifera), and yaupon (llex vomitoria). Thefe were no pre-existing differences in
density of individual species and the total of all species among treatments (F4 5= 0.13, P
=(.974). The site preparation treatments controlled all woody stems >0.5 m tall during
the first growing season. The year effect was not consistent across all treatments for
density of total species (F427=4.82, P =0.005) and ranged from 1,625.0 trees/ha in
treatment 1 to 0.0 trees/ha in treatment 5 during 2003. Density of yaupon (F 7= 5.00, P

=(.034) and other species (F; 7= 15.80, P <0.001) increased treatments during 2003.
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The year effect was not consistent afnong treatments for common persimmon (F427=
3.81, P =0.014) and wax myrtle (F427=3.00, P = 0.036). During 2003, common
persimmon densities ranged from 375.0 trees/ha in &eaﬁnent 1 to 0.0 trees/ha in
treatments 2 and 5. Wax myrtle density increased during 2003 to 125.0 trees/ha in
treatment 1 but remained at 0.0 trees/ha in all other treatments.

There was a year x treatment interaction for woody canopy coverage (Fs27 = 3.82,
P =0.014) and herbaceous canopy cover (Fq27=3.04, P = 0.034, Table 2.2). Woody
coverage during the first growing season varied from a high of 19.5% in treatment 1 to
lows of 2.8-3.5% in treatments 4 and 5. By the end of the second growing season,
woody coverage showed a clear, negative association with treatment intensity, ranging
from 71.0% in treatment 1 to 11.7% in treatment 5. During 2002, herbaceous coverage
ranged from a high of 36.5% in treatment 2 to a lows of 2.5-3.4% in treatments 4 and 5.
By the end of the second growing season, herbaceous cover was similar on treatments 1-
4 with a high of 60.5% in treatment 2; treatment 5 had considerably less herbaceous
cover at 17.3%.

Pine survival differed by year and treatment (Table 2.3). Survival decreased
about 2% on all treatments during 2003 (Fy 7= 4.62, P = 0.041). Survival varied among
treatments (Fy 27 = 0.72, P = 0.038) averaging about 85% in treatments 1-4 and 73% in
treatmeﬁt 5.

There was a within-treatment year effect on height (Fs,7=8.81, P < 0.001) and

diameter (Fy27=9.56, P < 0.001) of pine trees (Table 2.3). There were no differences in
pine height or diameter during 2002 indicating that' all seedlings were of equivalent size

when planted. However, a positive association between treatment intensity and pine
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growth was evident by the end of the second growing season with trees in treatments 4
and 5 having greater heights and diameters than trees in all other treatments. Pine growth
was greater in treatments receiving mechanical site preparation compared to the
herbicide-only site preparation.

Discussion |

A primary goal of site preparation is to reduce competing_ vegetation (Shiver and -
Martin 2002). Herbaceous vegetation was the most important component to control early
in stand establishment due to its impact on pine survival and growth, and woody |
vegetation control is important from the standpoint of long-term yield limitation (Lauér et

al. 1998). The chemical site preparation tank mixture was designed to target these |
vegetation components. The benefits from the negative associations between treatment
intensity and herbaceous and woody canopy cover during the first growing season were
evident in the positive associations with pine height and diameter by the end of the
second growing season.

Removal of the hardwood vegetative component is important from the standpoint
of a long-term pine growth advantage (Shiver et al. 1991, Harrington et al. 1998). The
control of woody stems in all treatments during the first growing season, indicates that
herbicides were not required for a short-term response.' However, re-colonization of
woody species was evident during the second growing season and treatment 1 had the
greatest woody density increase because it did not receive an application of site
preparation herbicides. Prior research also has documented relatively short-term effects

(i.e., 2-3 growing seasons) of mechanical or chemical site preparation in combination
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with herbaceous weed control on vegetative communities (Blake et al. 1987, Keyser et al.
2003).

Identifying the cause of the pine survival decrease during year two was difficult
due to high Variability associated with loblolly seedling survival during the first year
post-planting (Amateis et al. 1997). Sources of mortality during this period typically
include seedling care at the nursery and planting site, length of seedling storage, planting
crew quahty, and first-year climatic conditions (Amateis et al. 1997). Pine survival was
less on treatment 5, implying a treatment—related decrease. However, treatments 4 and 5
were operationally equivalent (i.e., treatment 5 had not received its second broadcast
herbaceous control) when survival was measured. Two sites, with seedlings originating
from the same source, had considerably less survival, 69 and 73%, compared to the other
two stands with survival of 92 and 97%. Survival within treatment 5 was particularly low
within the two lesser-survival stands. There were no topographic features on these two
stands that would decrease survival (i.e., poorly drained areas) and rainfall was not above
normal levels during the first growing season. Both of these stands were hand planted,
thus survival decreases may be attributable to poor planting and/or poor seedling
condition at the time of planting. Intensive managemeht does not necessarily imply
increased survival (South et al. 2001), although survival increases have been documented
from mechanical site preparation followed by herbaceous weed control (Tiarks and
Haywood 1986) as well as mechanical and chemical site preparation followed by
herbaceous weed control (Yeiser et al. 2004).

The combination site preparation treatments resulted in a 1.2 fold increase in pine

height and a 1.3 fold increase in pine diameter as compared to the mechanical only and
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chemical only treatments. Coupled with the fact that pine height and diameter was less in
treatment 2, the importance of mechanical subsoiling and bedding in the Mississippi
Lower Coastal Plain was evident, as supported by other studies on coastal sites (Amateis -
et al. 1997, Allen and Lein 1998, Lauer et al. 1998).

The lack of differences in pine growth between treatment 4, receiving one year of
broadcast herbaceous control, and treatment 5, receiving two years of broadcast
herbaceous control was noteworthy. These results indicated that multiple years of
herbaceous weed control were not necessary to maximize growth after two growing
seasons. Differences in pine growth could develop in subsequent years, as complete
vegetation control for multiple years has proven to promote greater pine growth (Pienaar
et al. 1983, Cain 1991, Miller et al. 1995, Borders and Bailey 1997). However, it is
typically not operationally feasible for timber industries to broadcast vegetation wﬁ&ol
for multiple years due to high treatment costs, environmental concerns (Morrison and
Meslow 1983), and wood quality concerns (Clark and Schmidtling 1989). Bacon and
Zedaker (1987) reported that herbaceous weed control applied at the beginning of the
second growing season provided the greatest release from competition, indicating that
differences may become evident between treatments 4 and 5 during subsequent growing
seasons.

Broadcast herbaceous control (i.e., treatments 4 and 5) promoted greater pine
height and diameter growth indicating that complete herbaceous control was biologically
more effective than banded control. Dougherty (1990) spot-sprayed 0.6-, 1.2-, 1.8-, and
2 4-m diameter circles around individual trees and reported that pine height and diameter

increased significantly when competition was controlled >1.8-m around each tree.



20

Treatments that receyi\‘/ed banded herbaceous controls in this study had only 0.8 m treated
on either side of the tree, which may not be enough growing space to produce a
competitive advantage.
Conclusions
Timber industries in the Southeast are operationally concerned with establishing
pine plantations that maximize timber production. Management regimes including the
combination of mechanical and chemical site preparation promoted the greatest pine
growth by controlling competing vegetation and providing soil amendments to improve
root development and nutrient availability. Mechanical subsoiling and bedding were
essential for increased pine growth and chemical control was essential for long-térm
control of woody species. Broadcast herbaceous applications more effectively controlled
competing vegetation and promoted greater pine growth, although there were no
differences between one and two years of broadcast herbaceous control. To maximize
timber production in the Mississippi LCP, combination site preparation followed by one
year of broadcast herbaceous weed control was the most effective management regime.
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CHAPTER III

EFFECTS OF INTENSIVE PINE PLANTATION MANAGEMENT ON
VEGETATION COMMUNITY CHARACTERISTICS AND
WHITE-TAILED DEER HABITAT QUALITY
IN SOUTHERN MISSISSIPPI

Abstract

Pine management strategies typically inclﬁde the use of mechanical and chemical
site preparation, and herbicide tank mixes combined with post-planting herbaceous
control applications are common to reduce the interval from planting to canopy closure.
To address concerns that increased site preparation intensity may negatively impact
vegetation communities important as white-tailed deer (Odocoileus virginianus) forage, I
evaluated effects of 5 pine plantation management regimes varying from low to high
intensity on vegetative community characteristics and deer habitat potential. I sampled
during 2002 and 2003, years 1 and 2 post-treatment, on 4 timber industry stands in
southern Mississippi. There was a clear, negative association between treatment intensity
and vegetative characteristics of most forage types during 2002. These differences were
reduced during 2003 as vegetation re-colonized. Total forage value estimates indicated
that the least-intensity treatment provided the most deer forage due to greater species

richness and understory canopy cover. However, nutritional carrying capacity estimates
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indicated that a moderate-intensity treatment provided the most deer-days/ha of foraging

potential due to increased biomass of greater-quality forages. Quantifying relationships
between pine plantation management intensity and the vegetative characteristics affecting
wildlife habitat potential will allow resource managers to make better informed land
managément decisions to satisfy economic return and wildlife habitat provision
objectives.
Intrddﬁction

Timber production is a multi-billion dollar industry in the southeastern US with
an increasing amount of fiber production resulting from intensively managed pine
plantations. Pine plantation acreage in the Southeast is expected to nearly double by
2030 (USDA 1988) with a near tripling of harvest yields by 2050 (Haynes 2002). This
trend of intensively managed pine plantations is primarily driven by financial
considerations and concerns about future timber supplies (Sedjo and Botkin 1997).

Industrial forest management strategies change in response to silvicultural,
economic, and social issues, and future strategies likely will include increased use of
herbicides, fertilizers, and genetically improved planting stock (Wigley 2000). Rather
than a single herbicide application at stand initiation, management strategies likely ﬁll
include tank mixes of multiple herbicides prior to planting to eliminate crop tree
competition, followed by one or more herbaceous release treatments. Additionally, stand
rotations likely will become shorter as the demand for timber products and the ability to
quickly produce these products increases (Borders and Bailey 1997).

A trade-off exists between timber yield maximization and management of

associated vegetation for wildlife. Loblolly pine (Pinus taeda) yields can be increased
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greater than five-fold in the southern US with site preparation herbicides (Glover and

Zutter 1993). However, increasing intensity of site preparation can reduce abundance
and diversity of woody and herbaceous plant species depending on herbicide type (Miller
et al. 1999), rate (Zutter and Zedaker 1988), proportion of the area receiving treatment
(Schabenberger and Zedaker 1999), and the additive effects of mechanical site
preparation (Harrington and Edwa;ds 1996).

At previously researched application rates, single herbicide treatments generally
had minor and temporary impacts on plant communities (Zutter and Zedaker 1988, Miller
etal. 1999). Studies comparing white-tailed deer (Odocoileus virginianus) habitat
responses on chémically- and mechanically-prepared sites generally agreed that deer
forage production was reduced for one growing season following site preparation, peaked
2-3 growing seasons post-treatment, and declined until canopy closure (Hurst and
Warren 1980, Felix et al. 1986, Scanlon and Shaﬁk 1986, Johnson 1987). Thus, the
interval between planting and canopy closure historically has provided adequate deer
forage. |

However, the silvicultural goal of intensified pine management is to reduce
vegetative competition with pine seedlings and to shorten the time between planting and
canopy closure. Due to the importance of vegetative structure and composition on the
distribution and abundance of wildlife (Howell et al. 1996), total or near-total control of
herbaceous and woody vegetation during site preparation, followed by herbaceous
control treatments and more rapid canopy closure may negatively affect biodiversity and

habitat quality for early-seral species.
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The goal of my research was to quantify effects of 5 operational pine plantation
management intensities on vegetation community characteristics and deer habitat quality.
I evaluated deer habitat quality by comparing effects of these management regimes on
deer forage production and nutritional carrying capacity during years 1 and 2 post-
treatment. I hypothesized that vegetative characteristics and deer habitat quality would
be altered by treatment intensity and predicted that these variables would decrease as
treatment intensity increased. Quantifying relationships between pine plantation
management intensity and the vegetative characteristics that affect wildlife populations
and habitat quality will allow resource manégers to make land management decisions that
optimize timber production while giving consideration to socially important wildlife
values.

Study areas and methods

The effects of 5 levels of pine plantation management intensity on vegetation
communities and deer habitat quality were monitored on 4 industrial timber stands in
George, Lamar, and Perry counties in southern Mississippi. Vegetation on these stands
was typical of the Mississippi Lower Coastal Plain, a low fertility, acidic soils
physiographic region referred to as the “piney woods” (Pettry 1977) due to the
| prevalence of longleaf (P. palustris), shortleaf (P. echinata), and lobloliy pine. This
region of Mississippi was chosen because of its history of intensive forestry. All stands
were loblolly or slash (P. elliottii) pine plantations, harvested during .summer 2000 —
winter 2001, averaged 66 ha, and were influenced uniformly by soils, topography, and

drainages.
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Management regimes (i.¢., treatments) were selected to represent a range of
operational intensities in timber industry stand initiation techniques. The regimes were
expected to stimulate the development of distinct communities that represented a gradient
in vegetation management intensity and potential of deer habitat quality. Treatments
were arranged in a randomized complete block design where each of 5 treatments was
assigned randomly to a >8-ha area within each of 4 stands. Management intensity, and
thus expected vegetative impact, increased from “low” for treatment 1 to “high” for
treatment 5.

Treatment 1 consisted of mechanical site preparation using a combination plow to
subsoil, disk, and bed, pulled behind a tractor with a V-blade attéched to the front to ciear
debris. A banded herbaceous control in year 1 was applied using 0.9 kg/ha of Oustar®.

Treatment 2 consisted of chemical site preparation using a mixture of 2.4 L/ha
Chopper® Emulsifiable Concentrate, 5.3 L/ha Accord®, 5.3 L/ha Garlon 4, and 1%
volume to volume ratio of Timberland 90 surfactant in a total spray solution of 93.6 L/ha.
A banded herbaceous control in year 1 was Vapplied using 0.9 kg/ha of Oustar®. No
mechanical preparation (i.e., bedding) occurred in Treatment 2.

Treatment 3 consisted of mechanical (saine as treatment 1) and chemical site
preparation (same as treatment 2). A banded herbaceous control in year‘ 1 was applied
using 0.9 kg/ha of Oustar®.

Treatment 4 consisted of mechanical (same as treatment 1) and chemical site
preparation (same as treatment 2). A broadcast herbaceous control in year 1 was applied

using 0.9 kg/ha of Oustar®.
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Treatment 5 consisted of mechanical (same as treatmént 1) and chemical‘ site
preparation (same as treatment 2). A broadcast herbaceous control in years 1 and 2 was
applied using 0.9 kg/ha of Oustar®.

All chemical site preparation was applied during July—August 2001, and all
mechanical site preparation was completed during September—December 2001. Year 1
herbaceous control épplications were completed during March—April 2002 and year 2
herbaceous applications were completed during March-May 2003. Stands were planted
during December 2001-January 2002. Pine tree seedlings were planted with 3.0 m
between rows and 2.1 m between trees within a row, totaling 1,551 trees/ha. Each timber
industry cooperator planted their own genetically-improved seedlings. Banded
herbaceous control treatments were applied mechanically with a band widtﬁ of 1.5 m, and
broadcasted herbicide applications were applied aerially via helicopter. Stands were not
burned. A broadcast fertilizer application of DAP at 280 kg/ha was applied to all
treatments during April 2002.

All stands were intended to be machine planted to facilitate banding applications.
However, 2 stands were hand planted due to greater debris loads remaining after harvest.
Banded herbaceous control was applied using a bac;(pack sprayer on these 2 sites.

I quantified vegetative communities during June 2002 and June 2003, years 1 and
2 post-treatment. I determined species richness using 40, randomly located 1-m* circulaf
hoops within each treatment. I recorded % coverage of understory herbaceous and
woody species using a modification of Canfield’s (1941) line-intercept method along 10,

located randomly 30-m transects within each treatment. I identified plants by species and
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then grouped by forage type. I excluded from sampling a 30-m buffer zone at treatment

boundaries.

To evaluate a treatrnent’s ability to produce deer forage, I ﬁalculated arelative
total forage value (TFV) by multiplying each species’ understory cover (%) by its annual
deer preference rating according to Warren and Hurst (1981) and ;upplemented by Miller
and Miller (1999), similar to Jones et al. (1993). I summed TFV products to yiéld a
single value for each experimental unit, which I then ave;aged to generate treatment
means.

I 'estimated growing season production using fenced exclosures 'thaf restricted deer
foraging. Within each treatment, I randomly allocated 20, l-m% exclosures prior to each
growing season and clipped them during July 2002 and July 2003. Clippings were sorted
by species and separated into leaf biomass (e.g., leaves; portions of the plant potentially
consumable by deer) and non-consumable biomass (e.g., stems; portions of the plant not
potentially consumable by deer), placed in paper bags, dried in a forced-air oven at 60°C
for 72 hours, and weighed to determine dry matter weight. I calculated mean production
(kg/ha) by species using leaf biomass (Appendix C.5).

During July 2003, I collected leaf samples from biomass clippings for quality
analysis. I dried leaf samples in a forced-air oven at 60°C for 72 hours then ground them
in a Wiley mill to a particle size that would péss through a 2-mm screen. Duplicate
samples were analyzed for nitrogen content to determine % crude protein (CP) using the
Kjeldahl procedure (Helrich 1990) and in vitro dry matter disappearance to determine
digestibility (Cherney et al. 1997). A preliminary analysis using 2 common species

(Andropogon virginicus and Euthamia temuifolia) indicated no treatment differences (P >
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0.05) in forage quality, so I compiled composite samples by species at the stand level

(Appendix C.8).

I used the explicit nutritionai constraints model (Hobbs and Swift 1985) to index
treatment effects on nutritional carrying capacity by estimating deer-days of foraging
capacity during the growing season. I calculated the leaf biomass (kg/ha) of moderately-
and highly-preferred deer forages (Warren and Hurst 1981) that could be mixed to
produce a mean diet quality of 12% CP, based on the observed % CP for each species. I
then divided this amount by a dry matter intake of 1.36 kg/day to calcdlate growing
season deer carrying capacity.

I used a repeated measures, mixed model analysis of variance to test for main
effects of year and treatment and year x treatment interactions for species richness by
forage type, understory cover (%) by forage type, TFV, and nutritional carrying capacity.
I compared means among treatments (7 = 5) and between years (r = 2) in SAS Proc
MIXED (SAS Institute 2000). I treated stands (i.e., blocks, n = 4) as the random effect,
years as the repeated effect, anci treatment x stand as the subject. I chose a first order
autoregressive covariance structure for the models because there was one time interval
between sampling periods (Littell et al. 1996). I considered differences Signiﬁcant if P<
0.05. I compared means using Fisher’s least significant difference with the LSMEANS
PDIFF option (Littell et al. 1996).

[ tested normality and equal variance assumptions prior to each analysis.
Variables with nonrequal variances were square-root transformed (Zar 1999). For ease of
data interpretation, I presented actual means when analyses were conducted on square-

root transformed data.
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Results

Species richness within forage types generally declined as treatment intensity
increased during 2002 although differences were less distinct during 2003 (Table 3.1).
Grasslike (Fy27=14.39, P < 0.00/1) and vine (Fy7=5.78, P =0.023) species richness
increased on all treatments during 2003 except for treatment 5. Additionally, grasslike
(F127=2.99, P =0.037) and vine (F4,§1 =7.87, P < 0.001) species richness was affected
by treatment, being greatest in treatment 1 and least in treatment 5. Grass (F427=9.26, P
< 0.001) and woody (F427=8.20, P < 0.001) species richness generally decreased with
increasing treatment intensity during 2002 though differences were less distinct during
2003. There was a year X treatment interaction in non-leguminous forbs (Fi27=4.13, P
= 0.010) and total number of species (Fy27= 4.74, P = 0.005) due to major increases in
treatment 4 and minor increases in treatment 5 during 2003.

Understory cover (%) of all forage classes decreased with increasing treatment
intensity during 2002 although differences were less distinct during 2003 as vegetation
re-colonized (Table 3.2). Legume (Fi 7= 15.79, P < 0.001), non-leguminous forb (F 27
=25.60, P < 0.001), grass (F1 7= 20.43, P < 0.001), grasslike (F27= 10.38, P = 0.003),
and woody (F 27=147.59, P < 0.001) cover increased in all treatments during 2003.
Cover increases in treatment 5 generally were less than in other treatments because it
received a second year of herbaceous weed control. Non-leguminous forb (Fy7=3.10, P
=0.032), grass (Fq27= 4.10, P =0.010), and woody (F4,7= 5.37, P = 0.003) cover
decreased with increasing management intensity. There was a year x treatment
interaction in cover fo'r vine (F427=2.77, P = 0.048) and vegetation total (F427 =532, P

=0.003). Cover for vine and vegetation total during 2003 increased consistently in
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treatments 1, 2, and 3; the interaction was caused by massive increases in treatment 4
coupled with minor increases in treatment 5.

Total forage value decreased clearly with increasing treatment intensity during
2002 (Table 3.3). During 2003, treatments separated into distinct categories of high
(treétment 1), moderate (treatments 2, 3, and 4), and low (treatment 5) habitat quality
based on TFV. There was a TFV year X treatment interaction (F427=6.11, P = 0.001)
due to major increases during 2003 in treatments 3 and 4, and only minor increases in
treatment 5.

Carrying capacity estimates were affected by treatment (Fy27=3.06, P = 0.033)
and ranged from 2 deer-days/ha in treatment 5 to 20 deer-days/ha in treatment 3 (Table
3.4). During both years, the moderately-intensive treatments 2 and 3 had the greatest
nutritional carrying capacity.

Discussion

Silvicultural goals of site preparation are to decrease vegetative competition with
crop trees, manage logging debris, improve soil conditions, and facilitate seedling
planting (Shiver and Martin 2002); thus, I expected to have differences in vegetative
characteristics as treatment intensity increased, particularly during the first growing
season. The focus of my investigation was how quickly vegetation in treatments
“recovered” and how that translated into deer forage quality.

The negative association between treatment intensity and species richness and
understory cover (%) of most major forage classes during 2002 indicated that the range of
pine plantation management intensities provided a full range of vegetative responses.

Prior studies have shown that varying intensities of mechanical site preparation with
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(Copeland 1989) or without (Stransky et al. 1986) herbaceous weed control produced

distinct vegetation communities one year post-treatment. Additionally, stands that
received mechanical site preparation followed by broadcast herbaceous control had less
species richness and produced less deer forage than areas that received banded

_ herbaceous control (Blake et al. 1987).

Increased species richness and canopy cover of all major forage types during 2003
was due to vegetative re-colonization. These results agreed with previous studies
reporting relatively short-term effects (i.e., 2-3 growing seasons) on vegetative
communities from mechanical or chemical site preparation in combination with
herbaceous weed control (Blake et al. 1987, Keyser et al. 2003). Increases in non-
leguminous forbs and legumes in treatments 3 and 4 were noteworthy because these
highly-digestible forages were high in protein (Vangilder et al. 1982) and preferred by
deer (Warren and Hurst 1981, Miller and Miller 1999).

Of particular interest were the vegetative responses in treatment 4. After
receiving combination site preparation and one year of complete herbaceous control,
species richness had recovered to the point that there were no differences between
treatment 4 and the less intensive treatments 1, 2, and 3. Vegetative cover (%) also had
recovered equivalently to treatments 2 and 3. These results indicated that an intensive
pine plantation management regime such as treatment 4 could still provide comparable
species richness and vegetative cover to lesser intensity management regimes within 2
growing seasons post-treatment.

[ assumed that the TFV and nutritional constraints model (Hobbs and Swift 1985)

accurately indexed mean forage values and carrying capacity in treatment areas. While
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the 'choice of values for deer preference ratings, CP diet level, and dry matter intake rate
may be debatable, the relative comparisons of carrying capacity (Edwards et al. 2004)
and TFV levels among management regimes should be valid.

Studies have documented that low to moderately intensive mechanical site
prepanation maximized deer forage production early in stand development (Locascio et
al. 1990, 1991). Total forage value results supported these findings in that TFV generally
decreased as treatment 'mtensity increased. Based on the literature and my results, one
might assume that there was a negative relationship between deer habitat quality and
management intensity; however, few researchers have investigated overall forage quality
associated with these management regimes.

Total forage value and nutritional carrying capacity estimates in combination
provided a more complete picture of deer habitat conditions rather than if each analysis
was viewed independently. The least intensity treatment provided the greatest TFV
during both growing seasons because treatment 1 had the greatest species richness and
vegetative cover. However, carrying capacity estimates revealed that treatment 1
provided equivalent foraging potential to treatment 5, which received 2 years of complete
herbaceous control. Having an abundance of vegetation does not necessarily ensure that
adequate forage quality is available.

| Increased biomass of greater-quality forages may influence overall habitat quality
(Miller et al. 1995). The greater species richness and total biomass of forbs and legumes
on treatment 3 during 2003 allowed it to provide the most deer-days of foraging potential.
Other studies have similarly documented increased forb production following mechanicalA

site preparation alone (Stransky et al. 1986, Johnson 1987) or combined with herbaceous
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control (Blake et al. 1987), and following cessation of herbaceous control (Zutter and
Miller 1998, Miller et al. 2003).

In my study, overall biomass was not an adequate predictor of nutritional carrying
capacity; treatments expressed different carrying capacities in spite of equivalent overall
biomass. Deer selected forest cléarings w1th intermediate biomass that was of higher
quality (Stewart et al. 2000) and areas with more biomass of higher-quality forages
(Bechwith 1964). Treatment 3 expressed the highest protein-based carrying éapacity due
to incréased biomass of high-quality forbs; therefore it was possible that stands receiving
management regimes similar to treatment 3 might have realized more deer use during the
second growing season.

Assumptions of the nutritional carrying capacity model were similar to Edwai‘ds
et al. (2004) aﬁd include a reasonable diet level for comparison purposes. I based
estimates on a mean diet quality level of 12% CP because CP requirements for adult body
maintenance range from 4-12% (Holter et al. 1979, Asleson et al. 1996). Crude protein
requirements of 16% CP have been reported as optimal for antler growth (French et al.
1956, Magruder et al. 1957) although 10% was reported as adequate (Asleson et al.
1996). A dry matter intake of 1.36 kg/day was assumed, as has been reported for white-
tailed deer (French et al. 1956, Fowler et al. 1967). )

Interestingly, many forages sampled were of lesser quality than the same species
grown in Mississippi’s Blackland Prairie physiographic region (Edwards et al. 2004).
Forage quality is related to soil quality (Laycock and Price 1970) and the Mississippi
Lower Coastal Plain is typified by poor habitat quality, resulting in smaller deer body and

antler sizes (Strickland and Demarais 2000). Qf the 64 plant species I sampled for
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quality analyses, only 7 had >12% CP. Therefore, carrying-capacity estimates associated
with these treatments could be greater in different soil resource regions.

Carrying capacity was estimated during the spring—summer growiﬁg season and
included warm-season annuals and pcrénnials. Growth of cool-season annuals during
autumn and winter were not included in these estimates; thus fall-winter carrying
capacity would be additive to our estimates. Additionally, deer diet selection changes
seasonally with forage availability and quality (Demarais et al. 2000). Browse is a major
component of deer diets throughout the year (Thill 1984, Thill et al. 1990), particularly
during winter (Blair et al. 1977, 1983) when forbs and legumes become less abundant.
Browse forage quality, however, is typically less than forbs (V. angilder et al. 1982). We
did not include woody stems in our carrying-capacity estimates, although they may have
been used by deer during the winter.

Management Implications

Forest management strategies at stand initiation designed to reduce vege;tative
competition with pine trees may not always result in a “barren wasteland” that precludes
integrated forest and wildlife management. As management intensity increases, thel
period between planting and canopy closure has been shown to decrease due to
accelerated pine growth (Miller et al. 1995), potentially reducing amount of ,_ﬁﬁ}ﬁtha‘tv .
wildlife habitat is provided. Although the period be;we;en planting and canopy clés;re "
may be briefer when managed intensively, it may provide greater quality habitat than a
longer period under a low—intensity management regime characterized by greater plant
biomass of lesser-quality forages. My results indicated that, at least during the second

growing season, a moderately-intensive management regime such as treatment 3
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provided the most deer foraging potential. Additional research should be conducted for
year 3 post-treatment through pine canopy closure to provide a more complete
management evaluation.
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CHAPTER IV

EFFECTS OF INTENSIVE PINE PLANTATION MANAGEMENT .
ON SMALL MAMMAL COMMUNITIES
IN SOUTHERN MISSISSIPPI

Abstract
Management intensity of southern US pine plantations has increased over past
“decades and concerns have arisen regarding small mammal community response to stand
initiation management regimes. I established a gradient of 5 pine plantation management
intensities on timber industry stands (n = 4) in the Mississippi Lower Coastal Plain using
varying levels of mechanical and chemical site preparation and herbaceous weed control.
Treatments represented a range of operational inteﬁsities, varying from “low” for
treatment 1 to “high” for treatment 5, and were expected to develop distinct communities
representing a gradient in vegetation management intensity and small mammal
community response. Species richness increased between years and was greater on
treatments using.a single method of site preparation than in treatments involving
combinations of mechanical and chemical site preparation. Mean number of small
mammals captured increased between years and generally was not affected by treatment.
\
Overall, there were minimal treatment effects on small mammal communities during the

2 years following stand establishment.
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Introduction

As management intensity of pine (Pinus spp.) forests in the southeastern US
increased in area (U SDA 1988) and harvest yield (Haynes 2002), concerns have arisen
that inéreasing management intensity may impact negatively plant and animal
cdmmunities. Due to the importance of vegetative structure and composition on the
distribution and abundance of wildlife (Howell et al. 1996), total or near-total control of
herbaceous and woody vegetation during site preparation, followed by herbaceous
control treatments and more rapid canopy closure may affect negatively biédiversity and
habitat quality for early-seral species, such as smail mammals.

Forest management strategies at stand initiation involving mechanical or single
herbicide applications typically have minbr and temporary impacts on plant communities
(Zutter and Zedaker 1988, Miller et al. 1999); however, increasing intensity of site
preparation can reduce abundance and diversity of woody and herbaceous plant species
depending on herbicide type (Miller et al. 1999), rate (Zutter and Zedaker 1988),
proportion of the area receiving treatment (Schabenberger and Zedaker 1999), and the
additive effects of mechanical site preparation (Harrington and Edwards 1996). Small
mammal community characteristics often are related directly to the stfucture and
composition of plant communities (Langley and Shure 1980) and changes in plant
communities typically are followed by changes in small mammal communities (Perkins
1973,. Atkeson and Johnson 1979) with species-specific responses based on habitat -
preferences (Lautenschlager 1993, Morrison and Meslow 1983).

Studies have documented small mammal microhabitat preferences within pine

stands (Mengak and Guynn 2003), differing community responses at various stand
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development stages (Atkeson and Johnson 1979) and in natﬁrally- vs. artificially-
regenerated pine stands (Mengak et al. 1989), and effects of mechanical and chemical site
preparation (Brooks et al. 1994, O’Connell and Miller 1994, Santillo et al. 1989).
However, little research has been conducted on small mammal community responses to
various levels of pine plantation management intensity incorporating intensive site
preparation and herbaceous weed control applications.

The goal of this research was to quantify effects of 5 operational pine plantation
management intensities on small mammal community characteristics. I evaluated species
richness and abundaﬁce during years 1 and 2 post-treatment. I hypothesized that small
mammal community characteristics would be altered by treatment intensity and predicted
that these variables would decrease as treatment intensity increased.

Study areas and methods

The effects of 5 levels of pine plantation management intensity were monitored
on 4 industrial timber stands in George, Lamar, and Perry counties in southern
Mississippi. Vegetation on all stands was typical of the Lower Coastal Plain, a region
typified by low fertility, acidic soils referred to as the “piney woods” (Pettry 1977) due to
the prevalence of longleaf (P. palustris), shortleaf (P. echinata), and loblolly pine. All
stands were loblolly or slash (P. elliottii) pine plantations, harvested during summer 2000
— winter 2001, averaged 66 ha, and were influenced uniformly by soils, topography, and
drainages.

Management regimes (i.e., treatments) were selected to represent a range of
operational intensities in timber industry stand initiation techniques. The regimes were

expected to stimulate the development of distinct communities that represented a gradient
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in Végeﬁation management intensity and potential of small mammal habiiat. Treatments
were arranged in a randomized complete block design where each of 5 treatments was
assigned randomly to a >8-ha area within each of 4 stands. Management intensity, and
thus expected vegetative impact, increased from “low” for treatment 1 to “high” for
treatment 5.

Treatment 1 consisted of mechanical site preparation using a combination plow to
subsoil, diék, and bed, pulled behind a tractor with a V-blade attached to the front to clear
debris. A banded herbaceous control in year 1 was applied using 0.9 kg/ha of Oustar®.

Treatment 2 consisted of chemical site preparation using a mixture of 2.4 L/ha
Chopper® Emulsifiable Concentrate, 5.3 L/ha Accord®, 5.3 L/ha Garlon 4, and 1%
volume to volume ratio of Timberland 90 surfactant in a total spray solution of 93.6 L/ha.
A banded herbaceous control in year 1 was applied using 0.9 kg/ha of Oustar®. No
mechanical preparation (i.e., bedding) occurred in Treatment 2.

Treatment 3 consisted of mechanical (same as treatment 1) and chemical site
preparation (same as treatment 2). A banded herbaceous control in year 1 was applied
using 0.9 kg/ha of Oustar®. |

Treatment 4 consisted of mechanical (same as treatment 1) and chemical site
preparation (same as treatment 2). A broadcast herbaceous control in year 1 was applied
using 0.9 kg/ha of Oustar®.

Treatment 5 consisted of mechanical (same as treatment 1) and chemical site
preparation (same as treatment 2). A broadcast herbaceous control in years 1 and 2 was

applied using 0.9 kg/ha of Oustar®.
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All chemical site preparation was applied during July—August 2001, and all
mechanical site preparation was completed during September—December 2001. Year 1
herbaceous control applications were completed during March-April 2002 and year 2
herbaceous applications were completed during March-May 2003. Stands were planted
during December 2001-January 2002. Pine tree seedlings were planted with 3.0 m
between rows and 2.1 m between trees within a row, totaling 1,551 trees/ha. Each timber
industry cooperator planted their own genetically-improved seedlings. Banded
herbaceous control treatrﬁents were applied mechanically with a band width of 1.5 m, and
broadcasted herbicide applicationé were applied aerially via helicopter. Stands were not
burned. A broadcast fertilizer application of DAP at 280 kg/ha was applied to all
treatments during April 2002;

All stands were intended to be machine planted to facilitate banding applications.
However, 2 stands were hand planted due to greater debris loads remaining after harvest.
Banded herbaceous control was applied by using a backpack sprayer on these 2 sites.

Small mammals were sampled by removal trapping during February 2002 and
February 2003. I established a 10 x 10 trapping grid (i.e., 100 trap stations) centered
within each treatment located >50 m from treatment boundaries. I located trap stations
10 m apart and placed one Victor® rat trap and one Victor® mouse trap at each station,
baited with peanut butter. I sampled the 5 treatments within each stand (i.e., 5 trapping
grids) simultaneously for 5 consecutive nights.

I labeled trapped mammals by stand and treatment, froze them at my field
research station, and transported them to Mississippi State University (MSU) where they

were thawed and identified by species. Trapping and handling procedures were approved
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by the MSU Institutional Animal Care and Use Committee as Project 00-059. I
determined mean species richness and used the minimum number known alive to index
abundance.

I used a repeated measures, mixed model analysis of variance to test for the main
effects of year and treatment and year x treatment interactions for species richness and |
abundance of small mammals. I compared means among treatments (# = 5) and between
years (n = 2) in SAS Proc MIXED (SAS Institute 2000). I treated stands (i.e., blocks, n =
4) as the random effect, years as the repeated effect, the subject was treatment x stand,
and I chose a first order autoregressive covariance structure for the models because there
was one time interval between sampling periods (Littell et al. 1996). I considered
differences significant if P < 0.05. I compared means using Fisher’s least significant
difference with the LSMEANS PDIFF option (Littell et al. 1996).

Results

I caught 1,269 small mammals during 40,000 trap nights. Captures increased
from 317 during 2002 to 952 during 2003. I captured 5 species each year: southern short-
tailed shrew (Blarina carolinensis), wood rat (Neotoma floridana), white-footed mouse
(Peromyscus leucopus), Fulvous harvest mouse (Reithrodontomys fulveséens), and hispid
cotton rat (Sigmodon hispidus). |

Pine plantation management intensity impaéted small mammal species richness
(Table 4.1). There was a year effect (F1 27 = 77.49, P < 0.001) as number of species
nearly doubled on all treatments during 2003. Species richness was affected by treatment

(F427=5.15, P =0.003) and declined generally with increasing treatment intensity during
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2002. Species richness was greater on the low intensity treatments (i.e., treatments 1 and
2)and rahged from a high of 3.4 in treatment 2 to a low of 2.1 in treatment 4.

Treatment effects on small mammal abundance were minimal (Table 4.2). There
was a year effect on Blarina carolinensis (F1 ;= 8.24, P = 0.008), Peromyscus leucopus
(F127=9.14, P = 0.005), Reithrodontomys fulvescens (F127=19.96, P < 0.001), and total
captured (Fy 7= 46.96, P < 0.001) as abundance increased in all treatments during 2003.
There was a year x treatment interaction in Sigmodon hispidus (F427=3.32, P = 0.025)
due to large increases during 2003 in treatments 1, 2, and 3 and minor increases in
treatments 4 and 5.

Discussion

Mengak and Guynn (2003) proposed that intensive silvicultural management of
pine plantations, including herbaceous control, would impact negatively small mammals.
I did not sample small mammals prior to treatment application but can infer from prior
research an initial population reduction (Santillo et al. 1989, Brooks et al. 1994). Small
mammal populations are generally robust to habitat manipulations (Bowman et al. 2001)
and have been documented to recover to pre-treatment levels within 2 years following
mechanical or chemicalfsite preparation (Brooks et al. 1994, O’Connell and Miller 1994).

Differences among treatments in small mammal community characteristics were
minimal during years 1 and 2 post-treatment. Vegetative communities were altered by
treatment intensity thus differences in the associated small mammal communities were
expected. However, prior research involving less intensive management regimes
supported my results. Species diversity was similar between mechanically- and

chemically-prepared areas 2 years following treatment (O’Connell and Miller 1994).
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Minimal treatment effects on small mammal abundance from 3 types of chemical site
preparation were reported by Brooks et al. (1994). O’Connell aﬁd Miller (1994) similarly
reported greater capture rates in mechanically- vs. chemically-prepared areas during the
second year post-treatment. However, the 70 small mammals I captured m treatment 1
did not differ statistically from the 50 captured in treatment 2.
Conclusions

Timber industries are operationally concerned with establishing pine plantaﬁons
that maximize timber production. Concems that pine plantation management intensity
during stand initiation negatively affects small mammal communities needed to be
addressed. I did not document effects of management intensity on pre—ﬁeatment small
mammal communities but may infer that they were reduced followir;g treatment. During
years lAaﬁd 2 post-treatment, small mammal populations within treated areas increased in
species richness and abundance implyilig that populations rebounded following stand
establishment. Management intensity generally did not impact small mammal abundance
implying that management effects on vegetative communities and thus small mammal
populations were short-lived.
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CHAPTER V

SYNTHESIS AND RECOMMENDATIONS

Timber industries are an important participant in southeastern land management,
| owning 14% of US forestland that provide 33% of the total harvest (Martin and Darr
1997). In 1999, over 350,000 ha were replanted by timber industries in the southern US
(American Forest and Paper Association 2001), much of which received some type of site
preparation during stand establishment. Thus, significant amounts of forestland are
impacted annually by intensive forest management.

Compared to nonindustrial, private foresf landowners (NIPFs), timber industries
own and manage fewer ha (American Forest and Paper Association 2001). However,
they typically manage more intensively and have a greater impact on public perception of
forestry practices. Although primarily concerned with fiber production, timber industries
increasingly are cognizant of management-related environmental effects due to programs
such as the Sustaihable Forestry Initiative.

Pine plantations traditionally have provided valuable wildlife habitat (Allen et al.
1996) particularly for early-seral species. An area’s habitat potential is not diminished
when a mature forest is converted to a pine plantation; rather, it is altered to suit a
different species assemblage (Allen et al. 1996) that is temporally dynamic throughout

multiple stand development stages.
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In my study, management intensity was reléted positively to pine growth response
and inversely to wildlife habitat potential. The management regime most effective at
_ maximizing pine growth during the second growing season was a corhbination site
preparation followed by one year 6f broadcast herbaceous control. A less-intensive
management regime, however, maximized deer foraging potential during the second
growing season through a combination site preparation followed by a banded herbaceous
control during year 1. Given that a timber company is going to manage in some fashion
during stand establishment, they should strive to maximize timber production while
giving consideration to socially important wildlife values. Based on my results during
years 1 and 2 post-treatment, I recommend that timber companies with objectives to
maximize timber production while providing wildlife habitat (e.g., one leasing land to
hunting clubs enrolled in a deer management program) should manage stands similarly to
treatment 3.

Further research is needed to document management effects on wildlife habitat
- quality through pine canopy closure. As management intensity increases, the period
between and pine canopy closure has been shown to decrease due to accelerated pine
growth (Miller et al. 1995), potentially reducing amount of time that wildlife habitat is
provided. Resource managers need to know how each management regime impacts onset
of canopy closure and, thus, management effects on habitat quality during this period.

The continuation study should monitor pine growth, vegetative characteristics,
habitat quality, and small mammal communities for an additional 35 years. Additional
analyses may be incorporated to provide a more complete management evaluation.

Diversity and community similarity indices would provide information as to how
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community structure differs among treatments and whether or not treatments have
promoted differing successional trajectories. An economic analysis projected through the
pine rotation would provide valuable information to NIPFs interested in maximizing

- timber growth and wildlife habitat provision.

My study indicated that tptal forage value (TFV) was not an adequate predictor of
deer habitat quality during the growing season from a nutritional standpoint. Total forage
value was certainly easier and less expensive to estimate than nutritional carrying
capacity and may provide a useful index for habitat comparison. The relationship
between TFV and metrics including habitat quality should be monitored further.

The continuation study should consider refining the nutritional carrying-capacity
estimates to reflect annual carrying capacities. My estimates were derived from plant
leaves during mid-summer. Estimates derived frorﬁ all potential browse (€.g., leaves and
stems) and during all seasons would yield a more complete mémagement evaluation.
However, wintet estimates would be difﬁcult.to obtain due to difficulty with plant species
identification and determining how much of an individual plant is potential browse.

I conducted a post-hoc sample-size analysis and evaluated the number of plots
necessary (o = 0.05) to give a reasonable (£ 10%) estimate of key vegetative variables
(Gysel and Lyon 1980). Results based on my observed means and standard deviations
from 10 plots (i.e., sub-samples) per experimental unit indicated that I needed a minimum
of 21 plots to achieve the desired 10% accuracy level. However, I did observe statistical
differences, indicating that my sampling protocol and experimental design were powerful

enough to identify treatment effects.
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Increased sampling intensity should increase accuracy and precision. I
recommend that the continuation study consider increasing sample size to >20 plots per
experimental unit, Iif logistically possible. As vegetative recolonization and pine canopy
closure continues to increase, treatment differences will be more difficult to detect as
vegetative characteristics become more similar. However, the experiment-wide error
(i.e., variation) should also decrease as experimental units become more homogeneous,

- thus increasing the probability that treatment effects are quantitative.
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Figure A.1. Treatment allocation for 5 pine plantation management regimes
varying from low (1) to high (5) intensity within a 74-ha stand
located in Section 3, T2S ROW, in George County, MS, owned
by Plum Creek Timber Company.



Figure A.2. Treatment allocation for 5 pine plantation management regimes
varying from low (1) to high (5) intensity within a 76-ha stand
located in Sections 22 and 27, TIN R16W, in Lamar County, MS,
owned by Weyerhaeuser Company.
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Figure A.3. Treatment allocation for 5 pine plantation management regimes
varying from low (1) to high (5) intensity within a 50-ha stand
located in Section 34, T4N ROW, in Perry County, MS, owned
by Molpus Timberlands.



Figure A.4. Treatment allocation for 5 pine plantation management regimes
varying from low (1) to high (5) intensity within a 63-ha stand
located in Sections 27, 28, 33, and 34, T4N R9W, in Perry County,
MS, owned by Molpus Timberlands.
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Table B.1. Species richness by forage type for 5 pine plantation management regimes varying from
low (1) to high (5) intensity at pre-treatment (July 2001) in the Mississippi Lower Coastal Plain.

Treatment

1 2 3 4 5 P -value

Forage type % SE % SE «x SE x SE X SE Trt

Fern 0.5 0.3 0.3 0.3 03 0.3 03 0.3 0.5 0.5 0.944
Forb (legume) 2.5 1.7 2.8 1.2 2.8 0.9 2.5 1.2 4.0 2.3 0.696
Forb (non-legume) 9.3 3.2 9.8 33 9.5 2.8 93 33 11.0 3.9 0.581
Grass 5.0 1.1 5.8 0.3 6.3 0.8 5.5 1.0 5.0 1.1 0.603
Grasslike 0.5 0.3 0.5 03 0.3 0.3 0.5 0.3 0.5 0.3 0.956
Vine 9.0 0.4 7.8 1.5 6.8 1.0 6.5 0.9 8.5 0.5 0.297
Woody 15.8 33 15.0 1.9 16.0 33 15.5 3.4 16.0 2.4 0.980

Total 425 92 418 57 418 63 400 79 455 87 0.730




Table B.2. Canopy coverage (%) by forage type for 5 pine plantation management regimes varying
from low (1) to high (5) intensity at pre-treatment (July 2001) in the Mississippi Lower

Coastal Plain.
Treatment
1 2 3 4 5 P -value
Forage type % SE % SE % SE % SE % SE Trt
Fern 0.2 0.1 <0.1 <0.1 03 03 <0.1 <0.1 <0.1 <0.1 0.509
Forb 93 1.5 84 1.2 9.0 1.2 73 13 74 1.1 0.836
Grass 276 3.8 21.8 3.6 282 52 354 46 285 50 0.539
Grasslike 0.1 0.1 06 03 02 02 07 04 0.1 0.1 0.420
Legume 0.7 03 1.1 03 08 03 20 08 24 0.8 0.246
Vine 230 5.7 134 22 133 26 114 2.1 136 25 0.403
Woody 222 4.1 199 28 207 35 170 3.9 164 1.6 0.832

Vegetation total 832 84 651 58 727 83 738 62 685 48 0.603
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Table C.8. White-tailed deer annual preference rating”, crude protein (%),
and in vitro digestibility (%) by species® for 5 pine plantation
management regimes varying from low (1) to high (5) intensity
at year 2 post-treatment (July 2003) in the Mississippi Lower

Coastal Plain.
. Crude protein _ Digestibility

Species Rating x SE X SE
Albizia julibrissin 1 134 33.0
Aleurites fordii 1 79 04 54.3 0.9
Ambrosia artemisiifolia 4 14.3 0.2 67.6 14
Andropogon virginicus 1 4.5 0.2 27.0 1.7
Aristida spp. 1 32 02 302 34
Aster adnatus 3 5.1 27.7
Baccharis halimifolia 3 73 0.0 47.0 1.2
Callicarpa americana 4 73 0.7 436 25
Campsis radicans 4 80 06 375 738
Chasmanthium sessiliflorum 3 3.6 322
Crotalaria sagittalis 2 135 50.6

Croton capitatus 2 9.7 215
Desmodium ciliare 4 12.7 294
Desmodium rotundifolium 1 11.5 144
Dicanthelium aciculare 1 6.1 0.5 335 42
Dicanthelium acuminatum 1 46 03 37.0 1.2
Dicanthelium commutatum 2 5.0 04 46.2 23
Dicanthelium ovale 1 4.7 31.7
Dicanthelium scoparium 3 4.0 0.5 28.6 43
Dicanthelium sphaerocarpon 2 8.2 45.5

Digitaria ciliaris 4.5 0.1 482 27

Diodia virginiana 4 74 02 43.5 7.7
Diospyros virginiana 2 8.1 1.1 26.9 24
Erechtites hieracifolia 3 10.6 2.1 56.0 2.8
Eupatorium album 3 838 54.8
Eupatorium capillifolium 2 10.5 0.5 518 22
Eupatorium semiserratum 2 10.6 53.6
Eupatorium serotinum 4 8.0 04 548 3.1
Euthamia temuifolia 2 10.2 04 526 4.1
Gelsemium sempervirens 2 6.2 0.1 73.2 1.3
Hypericum gentianoides 4 34 214
Hypericum hypericoides 4 6.5 0.0 242 0.6
llex vomitoria 4 5.0 69.1
Imperata cylindrica 1 34 31.6
Juncus marginatus 1 4.9 253
Juncus polycephalus 1 4.5 222
Juncus tenuis 1 4.7 0.3 209 39
Lespedeza repens 4 129 36.8
Liguidambar styraciflua 1 6.5 04 304 06
Ludwigia glandulosa 4 7.0 379
Mecardonia acuminata 2 6.0 0.2 774 4.0



Table C.8. Continued.

Crude protein Digestibility

Species X SE X SE
Myrica cerifera 1 7.6 57.1
Phytolacca americana 4 17.3 0.5 652 48
Polypremum procumbens 3 53 0.6 40.1 2.1
Prunus angustifolia 2 7.6 57.0
Pteridium aquilinum 1 75 19.5
Quercus falcata 2 83 27.8
Quercus marilandica 1 72 20.0

Rhus copallina 2 94 02 314 0.1
Rhynchospora inexpansa 1 3.7 0.7 12.9 0.0
Rubus argutus 4 7.2 04 34.7 1.2
Rubus flagellaris 3 82 02 29.1 4.0
Rubus trivialis 3 72 03 45.2 1.4
Sambucus canadensis 3 6.9 45.8
Scirpus cyperinus 1 3.1 11.9

Smilax glauca 4 11.3 : 66.4
Solidago canadensis 4 10.1 0.8 60.4 1.1
Solidago gigantea 4 9.1 1.7 64.4 59
Tephrosia virginiana 3 149 39.7
Vaccinium arboreum 4 54 36.4

Viola palmata 2 6.8 56.1

Vitis aestivalis 2 8.1 26.6

Vitis rotundifolia 4 6.9 0.5 44.7 25
Wahlenbergia marginata 5.4 0.1 35.7 0.4

* 1 = seldom eaten, 2 = low use, 3 = moderate use, 4 = high use (Warren

and Hurst 1981, supplemented by Miller and Miller 1999).
b Samples pooled at stand level.
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