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Preface

The 13" Biennial Southern Silvicultural Research Conference was held February 28—March 4, 2005, at the Hilton, Memphis, TN.
This conference was the latest in a series of meetings designed to provide a forum for the exchange of research information
among silviculturalists and researchers. Presentations emphasized research in wildlife ecology; pine silviculture; longleaf pine;
nutritional amendments; vegetation management; site preparation; hardwoods: artificial regeneration; hardwoods: midstory
competition control; growth and yield; water quality; forest health; fire; hardwoods: natural regeneration; and hardwood interme-
diate treatments. Field trips included visits to (1) the Ames Plantation to observe hardwood silviculture and wildlife management,
and (2) the John M. Tully Wildlife Management Area to observe bottomland hardwood stand development and silviculture. The
conference was attended by 335 people and had 115 oral and 59 poster presentations. James P. Shepard, Professor, Head and
Graduate Student Coordinator, Department of Forestry, Mississippi State University, and Bruce Jewell, Assistant Director, USDA
Forest Service, Southern Research Station, made the welcoming remarks.

Sponsors for the conference included Mississippi State University, Department of Forestry, Forest and Wildlife Research Center;
National Association of Consulting Foresters of America; National Association of Professional Forestry Schools and Colleges;
National Hardwood Lumber Association; Society of American Foresters; Southern Industrial Forest Research Council; and the
USDA Forest Service, Southern Research Station. The steering committee for this meeting worked numerous hours to review
abstracts, establish the program for oral and poster presentations, and make all necessary arrangements for the conference.
Steering committee members included:

Andrew Ezell (Local Arrangements Chair) Brian Oswald (Moderator Selection)
Mississippi State University, Department of Forestry, Steven F. Austin State University, Nacogdoches, TX
Mississippi State, MS Marty Spetich (Audio-Visual)

Kenneth Outcalt (Poster Session) USDA Forest Service, Southern Research Station,
USDA Forest Service, Southern Research Station, Hot Springs, AR
Athens, GA Norman Davis (Field Trips)

Dave Haywood (Meeting Announcements) Anderson-Tully, Vicksburg, MS
USDA Forest Service, Southern Research Station, Mary Anne Sword Sayer (Moderator Selection)
Pineville, LA USDA Forest Service, Southern Research Station,

Eric Heitzman (Audio-Visual) Pineville, LA
University of Arkansas, Monticello, AR Michael Blazier (Moderator Selection)

Brian Lockhart (Student Awards Judging Coordinator and Louisiana State University, Homer, LA

Meeting Evaluation; Field Trips) Callie Jo Schweitzer (Audio-Visual)

USDA Forest Service, Southern Research Station, USDA Forest Service, Southern Research Station,
Stoneville, MS Huntsville, AL

Don Bragg (Audio-Visual) Andrew Londo (Audio-Visual)
USDA Forest Service, Southern Research Station, Mississippi State University, Department of Forestry,
Monticello, AR Mississippi State, MS

Partial funding for the conference was provided by the Southern Research Station and Mississippi State University. We gratefully
acknowledge Mississippi State University’s Department of Forestry for handling fiscal matters, hotel arrangements, and registra-
tion. Special thanks to all committee members for invaluable advice; to Lynne Breland for coordinating communications among
the Forest Service, Mississippi State University, and the hotel; to Patricia Outcalt for creating and updating the conference Web
page, to Jillian Donahoo and Gretchen Schafer for tracking abstracts and manuscripts; and to the Mississippi State University
students who acted as drivers, set up poster boards, and helped with registration. The many people who contributed to the
success of the field trips have our sincere thanks. We also gratefully acknowledge all those who helped judge student presenta-
tions and posters.

Special recognition is given to the moderators. They include: Nancy Herbert, Bruce Jewell, Dean Gjerstad, Tom Fox, Jimmie
Yeiser, Harry Quicke, Andy Ezell, David Loftis, David Larsen, Tom Lynch, Jim Shepard, Noland Hess, Brian Oswald, David Van
Lear, John Hodges, and Callie Schweitzer.

The 148 papers published in this proceedings were submitted by the authors in electronic media. Limited editing was done to
ensure a consistent format. Authors are responsible for content and accuracy of their individual papers.

Kristina F. Connor

Program Chair

USDA Forest Service,
Southern Research Station,
Auburn, AL
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INITIAL CERULEAN WARBLER RESPONSE TO EXPERIMENTAL
SILVICULTURAL MANIPULATIONS, DESHA COUNTY, ARKANSAS

Paul B. Hamel, Mike Staten, and Rodney Wishard'

Abstract—Cerulean warbler [Dendroica cerulea (Wilson) Aves, Parulidae] is a neotropical migratory bird that has become

a focus of management attention. Since 1992, we have studied breeding birds on a 54-ha site owned by Anderson-Tully
Company, in Desha County, AR. In 2002, we conducted an unreplicated experiment there to assess the species’ response to
silvicultural manipulation within its habitat. We applied one of two sulvicultural prescriptions to randomly selected halves of
the plot. Establishment criteria were that each half-plot be the same size and have had a comparable history of warbler use.
Treatments were (1) a standard Anderson-Tully Company prescription designed to establish regeneration, develop existing
advance regeneration, and add growth to residual sawtimber trees; and (2) a prescription designed to add growth to residual
sawtimber trees and favor development of trees similar to those used by the cerulean warbler. Our initial posttreatment survey
identified three cerulean warbler territories on the subplot treated with the cerulean warbler prescription and none on the

other portion.

INTRODUCTION

Successful management of forest lands requires the transla-
tion of identified objectives into silvicultural prescriptions that
can be followed by timber markers and loggers. Difficulties in
making specifications clear and implementable often have
led some communities of interest to doubt the silviculturists’
intent or sincerity (Hamel and others 2001). More particularly,
clear management prescriptions designed to support habitat
objectives for nongame wildlife, including songbirds, have
been lacking. Development of dependable prescriptions
capable of producing habitat for late-successional species is
an especially daunting task.

Cerulean warbler [Dendroica cerulea (Wilson) Aves, Parulidae]
is a neotropical migratory bird in need of management atten-
tion. To date, however, no silvicultural prescriptions to enhance
or restore its habitat have been proffered (Hamel and others
2004). Populations have declined by as much as 50 percent
since 1966, as measured by the Breeding Bird Survey (Hamel
2000a). Link and Sauer (2002) reported an annual reduction
of 3 percent. In the Lower Mississippi Alluvial Valley, this song-
bird has become a target species for landscape management,
conservation, and afforestation efforts (Mueller and others
1999). Its documented population declines led to a petition
filed with the U.S. Fish and Wildlife Service to list it as threat-
ened under provisions of the Endangered Species Act of
1978, as amended (Ruley 2000). The U.S. Fish and Wildlife
Service ruled that the species not be listed (Williams 2002).
Although quantitative assessments of cerulean warbler habitat
are available (Hamel 2000b; Hamel 2005; Kahl and others
1985), no suitable silvicultural prescription has yet been
articulated, and data on fitness consequences of different
habitats for this species are scarce.

Male cerulean warblers routinely spend much of their time in
large sawtimber trees singing, foraging, and attempting to
attract females (Hamel 2005). Female cerulean warblers
choose nest sites and tend to use trees smaller in stature and
more shade-tolerant than those favored by the male (Hamel

2005). Jones and others (2001) have considered other fea-
tures of vertical and horizontal habitat structure that also may
be of great importance in habitat selection. This report is a
beginning of one effort to articulate and evaluate a prescrip-
tion suitable for both economically viable timber production
and ecologically viable habitat production for this important
songbird.

METHODS

Study Site

Since 1992, we have studied the breeding population of the
cerulean warbler on a 54.5-ha site (hereafter study grid) in
Desha County, AR (Hamel 1998, Woodson and others 1995).
The site is part of a 130-ha compartment (hereafter treatment
area) on more extensive property owned and managed by
Anderson-Tully Company, for production of high-quality saw-
timber (fig. 1). It is located in the Mississippi Alluvial Valley, in
the batture land of the Mississippi River, on sandy loam soil

=

Figure 1—Locator map of cerulean warbler study site in Desha
County, AR.

" Research Wildlife Biologist, USDA Forest Service, Center for Bottomland Hardwoods Research, P.O. Box 227, Stoneville, MS 38776; and
Wildlife Manager and Forest Manager, respectively, Anderson-Tully Co., P.O. Box 761, Lake Village, AR 71653.

Citation for proceedings: Connor, Kristina F., ed. 2006. Proceedings of the 13th biennial southern silvicultural research conference.
Gen. Tech. Rep. SRS—-92. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 640 p.



with ridge and swale topography near the riverbank. The site is
typical of riverfront hardwood tracts in the Lower Mississippi
Valley. Prior to our study, a harvest treatment according to
standard Anderson-Tully Company prescription was conducted
on the tract in 1991. In that year, coauthor Mike Staten and
his colleagues located cerulean warblers on the site while
searching for suitable sites for a study of distribution, habitat
use, and demography of that species in the Mississippi
Alluvial Valley (Hamel 1998, Hamel and others 1998).

Pretreatment Monitoring

Avian sampling—From 1992 to 2001, we conducted annual
spotmap surveys within the tract, sought nest locations,
measured vegetation, and documented habitat use. We estab-
lished a 50- by 50-m grid of points on the site using compass
and tape. Initially, we marked intersections of the study grid
(n = 230) with wooden stakes and annually installed individu-
ally labeled flags thereafter.

Vegetation sampling—We sampled vegetation at each inter-
section point of the study grid. At each point, we conducted a
survey of forest trees, measured canopy cover using an ocular
device (forest densiometer and/or forest densitometer), deter-
mined percent ground cover, and counted saplings < 7.5-cm
diameter at breast height (d.b.h.) on 0.005-ha plots. Using a
30-basal area factor English (6.9-basal area factor metric)
angle gauge (prism), we identified all trees within the variable-
radius plot to species and measured height in meters, d.b.h.
in centimeters, and crown class. We also noted the presence
or absence of lianas reaching into the crown. Further vegeta-
tion sampling was done by identifying individual trees in which
cerulean warblers were located and marking those trees with
uniquely numbered aluminum tags placed at ground level on
the north side of the tree. We measured those trees just as we

had measured those in vegetation samples at the study grid
intersections, as well as height of the bird in the tree and other
associated metrics of its behavior. We identified > 1,000 trees
in this way, principally from 1992 to 1994.

Preharvest timber cruise—The preharvest cruise in 2002
consisted of 144 circular plots systematically located 2 chains
(40 m) apart, on transects 10 chains (201 m) apart. This repre-
sents an approximate 5 percent cruise of the 130-ha treatment
area. Diameter and commercial height of trees > 12 inches
(30 cm) d.b.h. were tallied on 0.1-acre (0.04-ha) plots. Smaller
trees, 6 to 12 inches (15 to 30 cm) d.b.h., were tallied on
concentric 0.05-acre (0.02-ha) subplots. Regeneration stems
1 to 5 inches (2.5 to 12 cm) were tallied on concentric 0.01-
acre (0.004-ha) subplots. We estimated available timber
volume from these data using proprietary software and
volume tables of Anderson-Tully Company.

Silvicultural Treatments

In 2002, the treatment area was scheduled for entry in the
normal rotation of Company lands. We began an unrepli-
cated experiment to assess the species’ response to alterna-
tive silvicultural treatments. Harvesting was done by partial
cutting during the nonbreeding period for cerulean warblers;
it began in winter 2002 and was completed in winter 2004.

Subplot selection—We compiled composite spotmaps of
cerulean warbler use of the study grid from 1992 to 1996.
We also produced maps of the locations of uniquely marked
cerulean warbler use and nest trees. We sought to divide the
grid into two equal parts, reflecting equal cerulean warbler use
and comparable vegetation. Use was heavier in the eastern
part than in the western part of the grid but relatively equally
distributed between the north and south (fig. 2). As a result,

1992 [ J1093 [ ]1994 @1.995 [ ]1006 [ 2004

Figure 2—Distribution of cerulean warbler territories during pretreatment surveys 1992 to 1996,
and posttreatment 2004, on cerulean warbler study grid, Desha County, AR. Horizontal line indi-
cates boundary between the north and south subplots.



we subdivided the study grid into north and south subplots.
By coin flip, the north subplot was selected to receive the
cerulean warbler prescription.

Standard prescription—The Anderson-Tully Company stan-
dard prescription was applied to the southern half of the
treatment area, including the southern half of the study grid.
The partial-cutting prescription involved elements of improve-
ment cutting, thinning, and regeneration cutting. It involved
cutting in the overstory to reduce mortality, improve species
composition and spacing, and increase growth of the residual
stand. It further involved cutting in the midstory to remove
poorly formed shade-tolerant species in order to release
advance regeneration and encourage the establishment and
growth of additional shade-intolerant regeneration of desirable
species. The prescription was implemented by marking stems
to be removed from the stand. Other stems, including all elm
(Ulmus americana L.), sugarberry (Celtis laevigata L.), and
boxelder (Acer negundo L.), were cut unless they were of
superior form and quality.

Cerulean warbler prescription—Applied to the northern
half of the treatment area, including the northern half of the
study grid, the cerulean warbler prescription was based on
the findings of Hamel (2005). It recognized the importance of
tall sawtimber trees as song perch trees for the male and of
large, often shade-tolerant trees for the nest. This partial-cut-
ting prescription was a modification of the Company standard
prescription, involving elements of improvement cutting, thin-
ning, and regeneration cutting. It differed from the standard
prescription in that fewer trees were removed from the shade-
tolerant midstory. Researchers spent time in the stand with the
foresters before timber marking in order to help them better
recognize shade-tolerant midstory trees that were potential
nest trees. Such trees were marked with an X and would be
designated “leave trees” during the actual timber marking
process.

Postharvest Monitoring

Harvest sampling—We recorded sawtimber volume removed
by species and tons of pulpwood removed from the entire
treatment area. Diameter class distributions of unharvested
A. negundo, C. laevigata, and U. americana stems were used
to calculate the difference in residual trees of these species
between the two subplots. From the calculated differences, we
made an estimate of the economic value of stems not harvested
during application of the cerulean warbler prescription. Future
measurements will evaluate the opportunity cost to the
Company of implementing the cerulean warbler treatment, in
terms of differences in the release of advance regeneration
and establishment of additional desirable shade-intolerant
regeneration compared to the Company standard treatment.

Vegetation sampling—In January 2005, we randomly
selected and measured a sample of 26 intersection points in
each subplot on the study grid. At each of the points we
selected canopy trees for inclusion in the sample using a 30-
BAF English (6.9-BAF metric) angle gauge. We identified
each selected tree by species, measured its d.b.h.in cm,
determined crown class, and noted the presence of vines in
its canopy.

Cerulean warbler sampling—In 2004, we conducted a spot-
map census of cerulean warbler and other warbler species
present on the plot, as we had in the pretreatment surveys.

We anticipate conducting annual or biennial spotmap
censuses in the future.

Data Analysis

We tested the hypothesis that no differences existed in basal
area and density of trees and saplings on the two subplots
before and after harvest using an analysis of variance of year
nested within subplot. We tested for interaction between year
and subplot using analysis of variance with year and subplot
as main effects. We used analysis of variance of year, tree
species, subplot, and interaction between species and subplot
to assess differences in composition between subplots. For
grid points sampled in both 1993 and 2005, we calculated
the change in basal area for each species on each plot and
used analysis of variance to test for differences between plots.
Harvest data were considered an inventory and examined in
tabular form. Distribution of observed cerulean warbler occur-
rence on the plot from 1992 to 2001 was examined visually.
Trees used by the birds were summarized graphically and in
tabular form. Spotmap census from the first sample post-
treatment was examined visually. Statistical tests were carried
out in SAS (SAS Institute 1999-2000) with statistical signifi-
cance accepted at P =0.05.

RESULTS

Vegetation on Treatment Subplots

Analysis of variance of tree density and basal area revealed
no interaction between year and subplot for either of the
parameters. Sapling density did not differ between subplots
in 1993 (north — 346 + 40 saplings/ha, N = 137; south — 421
+ 38 saplings/ha, N = 123;t, ., , = -1.34, P=0.18) or 2005
(t, o4 = -0.68, P=0.5). Analysis of tree density as a function
of subplot and year nested within subplot showed a signifi-
cant result (F, ,,,=5.02, P=0.002, R*= 0.05) attributable to
differences among years (P = 0.0007) but not subplots (P =
0.5). Tree density in the south subplot in 2005 (160 trees/ha)
exceeded that in either subplot in 1993 (north — 96 trees/ha;
south — 94/ha) but not that in the north in 2005 (138 trees/ha;
fig. 3). Identical analysis of basal area also revealed a signifi-
cant result (F, ,,,=8.11, P < 0.0001, R?= 0.07) but here
attributable to differences in subplots (P < 0.0001) but not to
years nested within subplots (P = 0.07). The north subplot
had significantly greater basal area than the south in 1993
(25.0 vs. 20.3 m#¥ha, P =0.01) and 2005 (27.6 vs. 14.8 m?ha,
P =0.001).

Estimates of basal area of three species differed between the
subplots. The north subplot had higher basal area than the
south for sugarberry (7.9 vs. 4.4 m*ha, F, ,,, =7.51, P<
0.0001, R = 0.07) and bald cypress [ Taxodium distichum (L.)
Richard] (3.8 vs. 1.7 m?*ha, F, ,, = 2.8, P=0.04, R* = 0.03).
Basal area of U. americana on the south subplot declined
significantly more from 1993 to 2005 than it did on the north,
where it actually increased (F, ,,=7.23, P=0.01, R2=0.13;
table 1).

1,49

Cerulean Warbler Use of Space and Vegetation
1992-2002

Cerulean warbler use of north and south parts of the study
grid was nearly equal during the early, pretreatment period
(fig. 2). From 1992 to 1996, an average of 4.4 (range 2 to 7.5)
territories were present on the north subplot, and 4.1 territo-
ries (range 2 to 7) were present on the south. After 1996, the
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Figure 3—Diameter class distribution of basal area and stem density on north and south subplots of cerulean warbler study grid,
Desha County, AR, in 1993 (pretreatment) and 2005 (posttreatment).
Table 1—Comparison of vegetation samples in the pretreatment and posttreatment subplots, Cerulean
Warbler Experimental Study Grid, Desha County, AR
North South
Sample
Size® Plots (no,)” Size® Plots (no.)”
Species® 137 26 123 26
Acer negundo 26 = 04 21 + 0.74 22 + 043 159 £ 0.69
A. rubrum L. 0.05 + 0.05 0 + 0 0 + O 0 * 0
Carya illinoiensis (Wang.) K. Koch 06 + 0.2 16 = 0.79 039+ 0.14 1.06 £ 0.5
Celtis laevigatad 73 + 0.64 101 £ 19 42 + 048 5 + 1.6
Cornus drummondii C.A. Meyer 0 + 0 053+ 0.37 0O + O 0 + 0
Diospyros virginiana L. 0 + 0 0 + 0 0 £ O 0.26 * 0.26
Fraxinus pennsylvanica 44 + 0.73 42 = 1.62 41 = 0.71 21 % 0.92
Liquidambar styraciflua L. 04 £+ 02 0 + 0 1.01+ 0.27 13 = 0.66
Platanus occidentalis 21 £+ 0.33 0.79 £+ 044 297+ 046 185 £ 0.61
Populus deltoides 0.25 + 0.17 0.26 £+ 0.26 028+ 0.15 0.26 + 0.26
Quercus nuttallii Palmer 01 + 0.07 0 + 0 0 £ O 0 + 0
Dead trees 09 + 0.2 0 + 0 095+ 0.24 0 * 0
Taxodium distichum® 35 + 0.74 53 £+ 1.9 1.8 + 049 1.06 £ 0.5
Ulmus americana® © 22 + 0.31 29 + 0.87 23 + 0.35 0.26 + 0.26
Total basal area/ha’ 32 + 117 278 + 292 268 + 1.16 148 + 2.08
Total tree density/ha 89 + 53 138 + 13 90 + 6 160 + 44
Sapling density/ha 346 + 40 444 + 99 420 + 38 541 + 102
Numbers represent basal area/ha + S.E.
% 1n 1993.
® In 200.

° Unless otherwise indicated, values in the columns do not differ at P = 0.05.

d North subplot has significantly higher basal area than South; years don't differ.

® Decline in basal area per plot from1993 to 2005 was significantly greater in South subplot than in North subplot.

" North subplot has significantly higher basal area than South subplot in 1993 and 2005; 1993 basal area is significantly higher than
2005 as well.



birds virtually had disappeared from the plot, presumably as
a result of a 1994 ice storm that severely damaged the forest
canopy. The birds’ use of tree species in relation to availability,
summarized over the entire plot, indicated that use of the most
abundant species, C.laevigata and A, negundo, was less than
expected; that use of moderately abundant species, U, amer-
icana and green ash (Fraxinus pennsylvanica Marshall) was
in proportion to their availability; and use of the less numerous
sycamore (Platanus occidentalis L.) and cottonwood (Populus
deltoides Marshall) exceeded that predicted by the number
of available stems (fig. 4).

Harvest Removals, Value of Unharvested Stems,
and Opportunity Costs

Standing crop estimate of available sawtimber by subplot and
combined sawtimber removals from the entire treatment area
reflect differences apparent in vegetation sampling (table 2).
Comparison of diameter class distribution of predominant
pulpwood species (table 3) and pulpwood removals indicates
an estimated value of unharvested pulpwood and sawlogs
resulting from the cerulean warbler prescription (relative to
the Company standard) to be approximately $100 per acre
($250/ha) on the 160-acre (65-ha) north subplot. Opportunity
costs of lost advance regeneration cannot yet be estimated.

Cerulean Warbler Use Posttreatment

Initial posttreatment survey of cerulean warbler response
located the birds using portions of the study grid treated with
the cerulean warbler prescription (fig. 2). Importantly, some
2004 use occurred in parts of the plot that had not been part
of territories identified during pretreatment surveys, possibly
indicating a specific response to the treatment.

DISCUSSION

Initial results of this experiment suggest that a specific silvi-
cultural prescription for cerulean warbler may be possible in
bottomland hardwood forests. Modest differences between

M Used [] Available

Proportion of stems

ACNE CELA FRPE

LIST PLOC PODE ULAM

Tree species

Figure 4—Auvailability and use by cerulean warblers of trees on
cerulean warbler study grid, Desha County, AR, 1992 to 2001.
Error bars indicate 95 percent confidence limits. Tree species codes
are ACNE = Acer negundo, CELA = Celtis laevigata, FRPE =
Fraxinus pennsylvanica, LIST = Liquidambar styraciflua, PLOC =
Platanus occidentalis, PODE = Populus deltoides, and ULAM =
Ulmus americana.

the subplots occurred where C. laevigata was most abundant.
Within the treatment area, this species is plentiful and, in
fact, it occurs in far higher abundance than is used by the
birds. Differences between subplots in abundance of T. disti-
chum reflect differences in extent of ridge and swale topog-
raphy; because these differences occurred for a tree species
for which no cerulean warbler use was registered, they are not
relevant to our experiment. Difference between the subplots
in abundance of U. americana after the harvest treatment,
however, are relevant, and they reflect the specific intent of
the two prescriptions. In the Company standard prescription,
the commercially less valuable U. americana was removed.

Table 2—Sawtimber available and removals from the subplots of the Cerulean Warbler

treatment area

Preharvest cruise

North South Total removals
Species 160 (65)° 160 (65)° 320 (130)°
------------------ board feet (M’) == === - == - = - - oo -~
Carya illinoiensis 108,642 (256.4) 93,983 (221.8) 27,539 (65)

102,647 (242.2)
294,460 (694.8)
3,605 (8.5)
118,895 (280.6)
35,673 (84.2)
3,087 (7.3)
7,076 (16.7)
216,670 (511.3)
45,385 (107.1)
13,000 (30.7)

Celtis laevigata
Fraxinus pennsylvanica
Liquidambar styraciflua
Platanus occidentalis
Populus deltoides
Quercus lyrata Walter
Q. nuttallii

Taxodium distichum
Ulmus americana
Other species

74,016 (174.7)
166,725 (393.4)
42,279 (99.8)
277,895 (655.8) 175,519 (414.2)
63,101 (148.9) 45,187 (106.6)

0 (0) 1,431 (3.4)
9,665 (22.8) 5,344 (12.6)
189,362 (446.8) 71,855 (169.6)
39,320 (92.8) 21,060 (49.7)
10,000 (23.6) 21,544 (50.8)

101,753 (240.1)
185,290 (437.2)
14,611 (34.5)

Total 949,140 + 189,828
(2,240 +  448)

966,346 * 193,269.2

671,133 = 134,226.6

(2,280 + 456) (1,584 + 317)

@ Area, acres (ha).



Table 3—Pulpwood removals and costs to company of

applying the cerulean warbler prescription

Diameter at breast

height Pulpwood Sawlogs
tons per acre board feet per acre
inches (cm) (mt/ha) (ma/ha)
10 (25) 5.88 (1.082)
14 (35) 4.03 (0.741)
18 (45) 0.30 (0.056) 316 (0.745)
22 (55) 0.26 (0.048) 298 (0.704)
26 (65) 0.21 (0.039) 175 (0.413)
Total 10.68 (1.966) 789 (1.862)
Cost per acre (/ha) 53.42 (131.95) 51.29 (126.69)
Total cost, treatment
area (dollars) 8,547.40 8,206.64

Values in the table reflect the difference between estimated standing crop of
Acer negundo, Celtis laevigata, and Ulmus americana in 2005 on the North
and South subplots. Cost estimate reflects market values in January 2005.

In the cerulean warbler prescription, U. americana stems in
favorable codominant and intermediate positions were left as
potential nest trees. Our experimental manipulation thus
created a contrast between effects of treatments that empha-
size the desired difference between treatments. The experi-
ment thus offers a test of a prediction made by Robbins and
others (1992) that U. americana is important to cerulean
warbler.

The cerulean warbler prescription appears to have fostered
use by the bird in the direction of the desired future condition;
this is encouraging, although it has been observed in an
unreplicated study. We are cautious, also, because the spe-
cies’ presence does not equate with successful reproduction.
Until further work is completed, we cannot distinguish the
current result from one in which the birds occur in the north
simply as a result of historical presence in small numbers in
the northern part of the study grid but not in the southern part.

Finally, we offer a word about the difficulty of developing com-
mon terminology, measurement, and data analysis among
the professions represented in the investigators of this work.
Standard methods in practical forestry take measures in
English units, easily produce summaries that reflect commer-
cially important volumetric parameters, and may be devel-
oped in software that does not admit exchange of datasets
with other analytical tools. Standard methods in avian behav-
ioral ecology take measures in metric units, cannot easily
produce estimates of commercial parameters but are easily
communicated among analytical tools. These differences made
it very difficult for us to develop a common framework for
expressing preharvest conditions, as well as to create a com-
mon vocabulary for communicating instructions to the timber
markers who applied the prescriptions. We hope our experi-
ence will benefit others who undertake the development of
silvicultural prescriptions for songbirds and other species of
special concern.
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EVALUATING SOME PROPOSED MATRICES FOR SCORING
SUB-OPTIMAL RED-COCKADED WOODPECKER FORAGING HABITAT
IN RELATION TO THE 2003 RECOVERY PLAN

Donald J. Lipscomb and Thomas M. Williams'

Abstract—We have used RCWFAT (an ARC-INFO program that evaluates RCW habitat) to examine the 2003 Red Cockaded
Woodpecker (RCW) Recovery Plan, which will influence silvicultural activities on large tracts of southeastern forests. The new
plan includes 11 specific characteristics of forest stands that constitute “Good Quality Foraging Habitat” (GQFH) and requires
120 to 200 acres of GQFH for each RCW group. To evaluate the criteria requires a minimum data set that is not met by most
product-based forest inventory data. The criteria of GQFH also define ideal RCW habitat. When used as a pass-fail system,
the criteria of the Recovery Plan are a poor ecosystem management tool. On the Oakmulgee Ranger District, where the
RCW population is declining, only 2 of 189 clusters had sufficient GQFH. On Ft. Bragg, NC, where the RCW population is
increasing, only 19 of 496 clusters had sufficient GQFH. Few foraging areas met all of the criteria, and few would meet the
criteria after a single silvicultural treatment. An effort has been underway to develop a method to rank less-than-ideal habitat.
We examine three alternatives considered in the pursuit of such a method. Scoring of individual stands has proven relatively
consistent in all three alternatives. Due to the complexity of interaction among the 11 criteria, efforts to establish scores for
entire cluster forage partitions have produced inconsistent results.

INTRODUCTION

Management of Red-cockaded Woodpeckers (Picoides bore-
alis) (RCW) has guided silvicultural treatment on a portion of
the southern pine forest since the species was listed in 1970.
The 2003 Recovery Plan (U.S. Fish and Wildlife Service 2003)
has a goal of 13,101 active clusters on federal lands. Each
cluster should have a minimum of 120 acres of foraging
habitat, requiring that the federal forests be managed to main-
tain at least 1.6 million acres of foraging habitat at all times.
The 1985 Recovery Plan (U.S. Fish and Wildlife Service 1985)
and the Henry (1989) guidelines have been used to formulate
management of Federal lands for the last two decades. Central
to these guidelines was the requirement of 8,490 square feet
of pines > 10 inches d.b.h. within %2 mile of each cluster center.
However, recent studies have been unable to demonstrate that
the basal area of pines > 10 inches d.b.h. has any relation to
the success of RCW, measured either as group size or number
of young fledged (Beyer and others 1996, Wigley and others
1999). The latest thinking has focused on creation of forest
structure that benefits RCW foraging (James and others 2001).
The 2003 Recovery Plan (p. 188 and 189) has developed new
criteria for RCW foraging habitat based on forest structure.

Since 1998, we have been developing the Red-cockaded
Woodpecker Forage Analysis Tool (RCWFAT) to map and
evaluate RCW forage (Lipscomb and Williams 1998a, 1998b).
This ARC-INFO, AML program has been routinely used to
evaluate RCW foraging habitat across the Southeast
(Lipscomb and Williams, in press). Prior to 2003, it evaluated
potential RCW forage against the Henry (1989) guidelines to
determine forage quality for each RCW cluster on a forest.
The program has proven most valuable on large, densely
clumped RCW populations found on DOD installations.

Following publication of the 2003 Recovery Plan, RCWFAT
has been used for two aspects of management on forests

with RCW. On the Oakmulgee Ranger District (RD), AL, the
RCW population has been declining, and RCWFAT was used
in the preparation of an EIS for habitat restoration. In this case,
RCW clusters were mapped and evaluated by the 2003
criteria. Although little of the forest met all criteria, the program
was used to target stands for silvicultural treatments that
would move those stands toward the desired structure. On
Ft. Bragg, NC, the population is increasing, and the need was
to evaluate proposed military projects. In this case, habitat is
compared before and after a proposed project to assure the
project does not result in a net loss of habitat value. These
two forests present a significant contrast in population trends.
The Oakmulgee RD population is at only 30 percent of its
recovery goal and has had a steady decline in number of
active clusters. At Ft. Bragg, NC, the population is nearly 80
percent of the recovery goal and has had had a steady
increase in active clusters (U.S. Fish and Wildlife Service 2003).

In this paper, we will review application of the 2003 Recovery
Plan guidelines on these two forests. The Recovery Plan
proposes foraging habitat criteria as a recovery standard. We
will first examine the Recovery Plan criteria as a pass-fail
system. The Recovery Plan does not present a method to
evaluate stands and clusters that do not meet this standard.
We will examine three draft alternatives that have been sug-
gested during progress toward such a system to score quality
of less-than-ideal habitat. The first alternative simply scores
stands and partitions by producing five categories of criteria
ranges that range from 1 (poor) to 5 (excellent) for each cri-
terion of good quality foraging habitat (GQFH; table 1). This
system will be designated “stand scores” for further discus-
sion. The second alternative added a weighting factor to each
criterion based on expert opinion as to the importance of the
criterion. This alternative also contained a series of criteria,
scores, and weights to evaluate foraging partitions of each
cluster (table 2). This system will be designated as “weighted
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Table 1—Systems to score stands in relation to criteria specified in 2003 recovery plan?

Score
Stand characteristic 1 2 3 4 5 WS WS2
Number 14” + pine stems <5 5-8 9-12 13-17 18+ 10 0.152
Basal area 14” + pines <5 5-9 10-14 15-19 20+ 9 0.139
Basal area 10-14” pines >55 51-55 45-50 41-45 0-40 3 0.038
Basal area < 10” pines >30 23-29 16-22 10-15 0-10 2 0.025
Number pines < 10” >40 33-39 26-32 20-25 0-20 1 0.013
Basal area of pine > 10” <20 21.26 27-32 33-39 40+ 4 0.051
Percent vegetative ground cover <10 10-19 20-29 30-39 40+ 6 0.101
Hardwood midstory: T-D M-M M-S L-M L-S
Tall=T (>15), Dense =D M-D T-S L-D
Medium = M (7-15’) T-M 7 0.114
Low =L (<7’) Sparse =S
(hardwood pulpwood BA) >30 22-30 16-22 10-16 <10
Percent canopy hardwoods
longleaf stands >30 23-29 16-22 10-15 <10 5 0.063
loblolly/shortleaf stands >50 43-49 36-42 30-35 <30
Stand age 30 31-39 40-49 50-59 60+ 9 0.139
Fire return interval (year) 7+ 6 5 3-4 <3 0.089
Season of burn NGS GS 0.076

2 Stand score-uses 10 stand characteristic criteria. For each criterion meeting the values specified for GQFH, a score of 5

was assigned. Smaller scores were assigned to values of the stand characteristic further from the criterion. If all 10 criteria

were measured, a score from 10 to 50 would be assigned to the stand (a stand that qualified as GQFH would score a 50
in this system). Weighted score (WS)-The importance of each criterion was determined by committee agreement, and a

weighting factor was assigned from 1 to 10. Each weighting factor was multiplied by the stand score for each criterion and
summed to produce the weighted stand score. In this system stands could score from 56 to 280 if all criteria were evaluated.

Weighted stand score 2 (WS2)-the weighted system was re-evaluated and changed by adding two burning criteria. The

weights were reduced to fractional values with the same ranking of importance but not exactly proportional to the previous

weights. In this system, scores ranged from 1 to 5 if all 12 criteria were used.

scores” for further discussion. The third alternative was devel-
oped later as a revision of stand weights (table 1) and revised
criteria and weights to evaluate partitions (table 3). This revision
will be designated “weighted scores 2” for further discussion.

We will examine these in relation to their value for evaluating
silvicultural alternatives for forests with RCW populations. If we

assume habitat differences are responsible for the population

growth at Ft. Bragg, NC, and the decline on the Oakmulgee,
a scoring system should differentiate habitat conditions on
the two forests. The system should also allow differentiation
of stand and cluster habitat quality. Finally, scores should be
usable to prioritize silviclutural treatments by their value for

improving foraging habitat.

Table 2—Partiton scoring and partition score for weighted score system?

Score Weighting

Forage partition characteristic 1 2 3 4 5 factor
Total acres GQFH? in partition <75 75-89 90-104 105-120 120+ 6
Total acres pine in partition <120 120-146 147-173 174-199 200+ 1
Total acres GQFH within % mile <40  40-60 61-90 91-119 120+ 5
Last prescribed burn (years) >6 6 5 4 1-3 4
Season of last burn NGS GS 2

# of contiguous foraging acres <75 75-89 90-104 105-119 120+ 3

If in sandhills <75 75-116 116-157 158-199 200+

2The partition is defined as all area within %2 mile of the cluster center minus any area that is closer to
an adjacent cluster. This system evaluates burning as a partition characteristic and defines GQFH as
any stand that has a weighted score of at least 175 from table 1. Foraging acres are any stand with a
weighted score of at least 56 from table 1. The partition score is calculated as the sum of the criteria
scores. The weighted partition score is the sum of the products of criteria scores and weighting factors.
Any partition with a weighted score over 74 was considered adequate forage in the weighted system.

bGQFH — Sum of acres in stands that scored over 175, used for weighted partition score only.
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Table 3—Partition scores for weighted scoring system 27

Score Weighting
Forage partition characteristic® SI° 1 2 3 4 5 factor
Total acres GQFH in partition <75 75-89 90-104 105-120 120+ 0.4
L <100 100-150 150-200 200-250 250+

Total acres pine

(30 years or older) in partition M <100 100-125 125-150 150-175 175+ 0.1
H <90 90-105 105-120 120-135 135+

Total acres GQFH? within % mile <40  40-60 61-90 91-119 120+ 0.3

Number of contiguous foraging L <100 100-150 150-200 200-250 250+

acres in partition M <100 100-125 125-150 150-175 175+ 0.2
H <90 90-105 105-120 120-135 135+

2In this system, GQFH is only those stands that score a 5 from table 1. The weighted score is also calculated
as the sum of the criteria scores and weighting factors which varies from 0.1 to 0.4.
bGQFH=Sum of acres in stands that scored 5 (in table 1 with this method), used for weighted partition score

only.
¢Sl =Site index age 50,L < 50, M=50-75, H=75+.

METHODS

The 2003 Recovery Plan does not change the geometric desig-
nation of RCW foraging habitat. Potential foraging habitat is
circumscribed by a Y2-mile-radius circle around the cluster
center, with overlap of circles (when cluster centers are closer
than 1 mile apart) partitioned by a bisector of the overlapping
arcs. This corresponds to the original geometric definition of
foraging habitat in RCWFAT (Lipscomb and Williams 1995).
There is a new criterion that involves evaluation of habitat
within % mile of the cluster. A new routine was added to create
a similar habitat map using a %-mile-radius circle instead.
For each cluster of cavity trees, RCWFAT now produces two
unique areas, a polygon determined by a Y2-mile-radius circle
and bisectors of any overlapping circles from adjacent clus-
ters and a similar polygon formed by a %-mile-radius circle
and bisectors of overlapping circles. These two areas will be
referred to as the ¥2- and %-mile foraging partitions for the
remainder of the paper. In the final step in the geometric
section of RCWFAT, these foraging partitions are overlayed
on a stand map (with required data in the attribute table) to
populate a stand table with data needed to evaluate forage
quality within that partition.

The four different evaluation techniques reported in this paper
were produced by reprogramming the original report module
of RCWFAT (Lipscomb and Williams 1998a). Each system
required differing modifications as described below.

Recovery Plan Criteria as a Pass-Fail System
The 2003 Recovery Plan lists criteria of GQFH. These can be
listed as 11 minimum stand values and 4 minimum partition
values.
Stand requirements (from stand data):

1. Pine type

2. BA (basal area) of pines > 14 inches d.b.h. is > 20
square feet per acre

3. 18 or more pine stems per acre > 14 inches d.b.h. and
over age 59

4. BA of pines > 10 inches d.b.h. and < 14 inches d.b.h. is
between 0 and 40 square feet per acre

5. BA of pines < 10 inches d.b.h. is < 10 square feet acre
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6. Stems of pines < 10 inches d.b.h. is < 20 stems per acre

7. BA of all pines > 10 inches d.b.h. is > 40 square feet per
acre

8. Native plants > 40 percent of ground cover and dense
enough to carry a growing-season burn once every 5
years

9. Stand age > 30 years
10. No hardwood midstory or sparse and < 7 feet tall

11. Canopy hardwoods < 10 percent in longleaf and < 30
percent in other pine types

Partition requirements (from partition summaries of stand
data) are: (1) for site index > 60, 120 acres of GQFH within 2
mile of cluster; (1a) for site index of < 60, 200 to 300 acres of
GQFH within %2 mile; (2) half of the above acres of GQFH
within % mile; (3) the above GQFH can be separated by no
more than 200 feet of non-foraging areas; and (4) 200 acres
of pine type within %2 mile.

The first step in evaluation was production of a stand data
table that had variables corresponding to each of the 11 stand
criteria listed. Ft. Bragg, NC, had stand data from which
criteria 2 to 7 could be measured directly; the data from the
Oakmulgee RD did not include diameter distributions. These
were derived from the listed data (total basal area and aver-
age tree diameter in sawtimber and pulpwood size classes)
and data on the whole forest diameter distribution (Lipscomb
and Williams 2004). Neither forest had data that could be
used to evaluate native ground cover, and this criteria was
not tested in any of the following systems. Neither forest had
data on midstory hardwoods as listed in the guidelines but
did have hardwood pulpwood basal area. We assumed that
hardwood pulpwood over 10 square feet per acre did not
meet the requirement. Finally, we calculated overstory hard-
wood percent from percent hardwood sawtimber basal area.

The reporting section of RCWFAT was modified to evaluate
each stand in relation to the 11 criteria. Type and age were
used as screens, and all non-pine stands and pine stands
< 30 years old were removed from further analysis. A series
of tests were applied to each criterion to produce a logical
yes/no as to whether that criterion met the guidelines. For



all stands where the results were all “yes”, the stand was
assigned a “yes” in a new attribute item. New attributes were
also added for six reasons why the stand failed: (1) “lacks
large pine” — criteria 2,3; (2) “10-14 inch pine basal area”,
criterion 4; (3) “pine understory,” criteria 5,6; (4) “lacks total
basal area”, criterion 7; (5) “hardwood midstory” criterion 10;
and (6) “hardwood overstory”, criterion 11. Following the stand
analysis, each cluster was then evaluated against the four
cluster criteria to determine the status of the entire cluster.

Alternative One — Simple Score

The simplest scoring system utilizes the first 6 columns and
10 criteria in table 1. A stand score is determined as the sum
of the scores of each criterion. A stand that had minimal value
in all criteria would score 10 in this system, and one meeting
the guidelines would score 50. Since these criteria are similar
to the Recovery plan criterion, it required a minimal reprogram-
ming of the pass/fail system. The section that evaluated pass/
fail and reason was replaced with a section that assigned a
value for each criterion based on the criterion value and
summed these for the stand. In our evaluation, scoring for
stand age was not included and ground cover was not avail-
able, so our maximum score was 40 instead of 50.

In addition to scoring stands, this system also scored partitions.
Six criteria were used for scoring partitions (table 2). A contig-
uous forage area was calculated and was used on each parti-
tion to select those stands scoring 40 and contiguous to the
center to determine GQFH within %2 mile. These stands were
then clipped with the %4-mile forage polygon to get GQFH
within % mile. Total pine acres were defined as acres in all pine
type stands in the Y2-mile partition. Total contiguous pine forag-
ing was also calculated from the contiguous polygon-partition
intersection. There were two new partition criteria added: burn
return interval and season of burning. These were added as
criteria to the partition evaluation. This proved quite problem-
atic for automated evaluation since burn boundaries did not
correspond to partition boundaries, and a single partition could
have several different burn histories. The Oakmulgee data did
not include any burn information so we simply assigned all
partitions with a 4 year, non-growing season burn. At Ft. Bragg,
NC, burning is done on large rectangles, and we had to assign
a dominant burn year and season to each stand in a partition.

Alternative Two — Weighted Scoring

The next alternative suggested added weighting factors to each
of the stand and partition criteria (table 1- column 7, table 2 -
last column). These weighting factors were determined by
group consensus on the importance of each criterion by a
group of knowledgeable scientists and managers. In addition
to weighting factors, the definition of GQFH to be used in
partition evaluation was changed to include stands that scored
over 175 of the maximum 280 points in the stand scoring
system. This system required a substantial reprogramming of
the reporting function. During that reprogramming, age was
programmed into a variable criterion like all the others. Stands
were again screened for type and age over 30. In this case,
each pine type stand was evaluated for each of the remaining
nine criteria and assigned a score based on the criteria value.
Each score was then multiplied by the appropriate weighting
factor, and the products were summed to produce a stand
score. For a complete analysis, the maximum score was 280.
Since we did not have ground cover data, the maximum was
250.

Partition scoring (table 2) also required a new program to
select all stands with scores over 175 rather than 250 (equiv-
alent of 40 in the simple score system). Calculation of total
pine acres and contiguous acres were not changed. We did
not use the larger contiguous acreages required for the sand-
hills in order to run both data sets with the same program.

Alternative Three — Weighted Score 2

During 2004, the above weighted scoring system was further
refined (table 1- last column, table 3). This refinement pro-
vided substantial changes to both the mechanics of calcula-
tion and the definition of criteria. Again the changes required
a substantial reprogramming of the reporting module. The
largest changes were moving burning from a partition evalua-
tion to a stand evaluation. The weighting values were changed
from 1-10 to 0-1, and the 2 burning categories added to make
12 criteria scored. Burning information is not generally stored
as part of the stand inventory but as maps of burn units. We
only had this information for Ft. Bragg, NC, so the evaluation
of the Oakmulgee only includes the nine criteria used in the
weighted system. On Ft. Bragg, NC, burning is done on large
rectangles, so we were required to overlay the burn maps on
the stand boundaries to create a new map of stand polygons
with unique burn history. This overlay resulted in a stand map
with over 18,000 stand polygons. Each stand polygon was
evaluated for 11 criteria for Ft. Bragg, NC. A score of 3.67 on
the Oakmulgee corresponded to meeting all 9 criteria, while
a score of 4.495 on Ft. Bragg, NC, corresponded to meeting
all 11 criteria.

Partition scoring reverted to only four criteria. Only stands
that scored five on all criteria were considered GQFH for this
system. “Total pine acres” was also changed to only include
pine stands over 30 rather than all pine type in the partition.
Both total pine and contiguous pine now have three separate
criteria ranges depending on the site index. For our analysis,
we chose to use only the medium site index range, since we
did not have site index data on the Oakmulgee and testing
for site index would have required an additional level of pro-
gramming. Since site index was recorded on the stand level,
a method to determine the dominant site index for each parti-
tion prior to evaluation would also be needed for partition
evaluation.

The Oakmulgee and Ft. Bragg, NC, data were each evalu-
ated by all four systems of stand and partition evaluation. The
comparisons are not completely exact pairings due to the
variation of the original data. Since the two weighted systems
were developed in the NC Sandhills, they are much more
likely to include data as it was collected on Ft. Bragg, NC.
The Oakmulgee data was collected from the standard USFS
inventory system, which we adapted to evaluate the recovery
plan criteria (Lipscomb and Williams 2004).

RESULTS

The pass/fail system simply evaluated each stand to determine
if it met the guidelines as specified on pages 188 and 189 of
the Recovery Plan. We did not have ground cover data for
either forest and could not evaluate stands in relation to this
criterion. For this reason, the number of stands represented
as meeting the guidelines is a maximum, and it is likely that
the total number meeting the guidelines would decrease if
ground cover data were available. Only 6,793 acres (13.9 per-
cent) on the Oakmulgee and only 20,102 acres (18.8 percent)
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on Ft. Bragg, NC, met all criteria of GQFH. Of the 86.7 percent
of the stands on Oakmulgee and 81.2 percent on Ft. Bragg,
NC, that failed to meet the guidelines, there was more than
one reason for failure (fig. 1). If we sum the area represented
by all 6 reasons, it totals 191 percent of Ft. Bragg, NC, and
193 percent of the Oakmulgee, indicating that most stands
fail for at least two reasons on both forest. The number of
partitions passing is even smaller than the number of stands
at 2.3 percent and 3.4 percent. Over 80 percent of the parti-
tions on both forests lack GQFH in both the ¥2- and %-mile
ranges (fig. 2). Also, over 40 percent of the Oakmulgee parti-
tions and nearly 60 percent of the partitions on Ft. Bragg,
NC, have fewer than 200 acres in pine stands.

70
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40

30

Percent of stands

20

Meets Lacks 10-14  Lacks total Pine Hardwood Hardwood
large pine inch pine basal area understory midstory overstory
basal area

Figure 1—Distributions of stands that meet the Recovery Plan
guidelines and those that fail to meet for 1 of 6 reasons developed
by combination of the 11 criteria. A stand may fail for more than one
reason, and the sum of all failing stands exceeds 100 percent.

50

All three scoring alternatives are summarized in figures 3 and
4. Examining the stand scores (fig. 3), the two forests are
similar with the exception of the larger portion of Oakmulgee
(43 percent) in stands that do not provide forage. Ft. Bragg,
NC, has only 29 percent in stands that do not provide forage.
Since non-forage is based on stand type and age, all three
scoring systems identify the same non-forage areas. The
scored stands are listed in 5 categories that represent 20 per-
cent increments of the possible range of scores for that system.
All three scoring systems agree fairly well and identified differ-
ences in stand properties. Since over 50 percent of the failing
stands in both forests had too many stems or too much basal
area of small pines, the low weighting of these factors tended
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Figure 2—Distribution of foraging partitions that meet the Recovery
Plan guidelines and those that fail to meet one of four criteria. A
partition may fail more than one criteria, and the sum of failing parti-
tions will exceed 100 percent.
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Figure 3—Distribution of stand scores evaluated by all three alternative scoring methods. Non-
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forage are all stands that are not pine or pine < 30 years old. For each method, scores of foraging
stands were separated into five ranges such that each bracket represented 20 percent of the range
from lowest to highest possible score for that method.
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Figure 4—Distribution of partition scores evaluated by all three alternative scoring methods. For
each method, scores of partitions were separated into five ranges such that each bracket repre-
sented 20 percent of the range from lowest to highest possible score for that method.

to increase the scores in the two weighted systems. With the
exception of the burning criteria, both weighting systems had
similar priorities, and on the Oakmulgee (where we assigned
medium burn criteria) these systems are quite close. Even with
the burn criteria included on Ft. Bragg, NC, there was only a
5 percent difference in the overall stand evaluations. All

systems ranked individual stands nearly identically (table 4).

The similarity of the stands’ scores is not found in the three
alternatives when partitions are evaluated (fig. 4). Partition
scores vary considerably between systems. The weighted
system shows 52 percent of the partitions on the Oakmulgee
and 65 percent on Ft. Bragg, NC, to be in the upper 20 percent
of the range, when only 2 and 3 percent, respectively, actu-
ally met the guidelines. On Ft. Bragg, NC, much of the area
had received a growing season burn in the last 3 years. With
the weights in table 2, it is obvious two burn parameters are
weighted as heavily as the amount of GQFH in the whole
partition. The altered definition of GQFH in this system also
increases the overall scores as seen on the Oakmulgee, where
burning was assumed to non-growing season and 4 year
return. The weighting system 2 results are even more difficult
to interpret. On both forests, this system produces the highest
stand scores, with more stands in the highest ranges. Yet, it
produces the lowest partition scores of any system. The distri-
bution on the Oakmulgee is most difficult. Less than 5 percent
of the stands are in the lowest 40 percent of the stand score

range, yet over 85 percent of the partitions are in the lower
40 percent of the range.

CONCLUSIONS

It has been possible to modify the RCWFAT program to include
the criteria in the revised habitat guidelines of the Recovery
Plan. The program has successfully examined 87 clusters on
the Oakmulgee RD and 496 clusters on Ft. Bragg, NC. On
both data sets, we used hardwood pulpwood basal area as a
surrogate for the density-height criteria of hardwood mid-story.
Also, neither dataset contained information that could be used
to evaluate native ground covers, and the U.S. Forest Service
inventory data on the Oakmulgee did not contain diameter
distributions for individual stands. The data requirements of
the criteria in the Recovery Plan are not met by traditional
product-based inventory information. Data manipulation
required to execute the program now requires custom program-
ming for individual data sets. RCWFAT has allowed analysis
of large data sets and can be used to indicate the implica-
tions of alternative methods to evaluate foraging habitat. This
ability to examine many RCW clusters allows insight that was
not available during deliberations of those developing RCW
guidelines.

The Recovery Guidelines present a very exacting definition of
GQFH. Less than 5 percent of the cluster foraging partitions
meet all of the requirements of this exacting definition. This is

Table 4—Regression equations of the stand scores by three scoring systems. For each
regression the first listed system is used as the x variable. WFR is the weighting factor
ratio the score expected for a score of one in the x system

Oakmulgee Ft. Bragg
equation r2 equation r2 WFR
Stand score vs weighted y = 6.266x -1.683 0.993 vy =6.09x- 2.807 0.998 6.22
Weighted vs weighted 2 y=0.0147x - 0.003 0.999 y=0.0178x+.0401 0.993 00177

Stand score vs weighted 2y =0.919x - 0.026

0.991

y =0.1086x - .0206 0.989 0.1008
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true for both a declining and an increasing population with
very little difference in the percentage that met the guidelines
in either forest. The stringent definition results in a rejection
of most stands. In fact, most stands fail to meet two or more
criteria. Simply examining the number of stands or partitions
meeting the guidelines will provide little guidance to the forest
manager. Without some method to score the quality of less-
than-ideal habitat, it will also be difficult to demonstrate prog-
ress in habitat management over short time periods. It may
take several decades to show substantial progress in the
percentage of passing stands or partitions.

Three alternatives have been suggested during efforts to
develop a system to evaluate less-than-optimal forage. These
alternatives were devised without the ability to examine the
implications of choices on large areas. When individual stands
or partial stand polygons were examined, all alternatives
produced similar results. The data in table 4 indicates that
the slopes of the regressions were almost identical to the
average weighting factors between the systems. The usable
message in this is that any of these systems can be used to
rate how close a particular stand is to meeting the guidelines.
Therefore, any of them can be used to set priority for silvicul-
tural action. Also, if the changes in the criteria values resulting
from silvcultural plans can be quantified, a new stand score
can be calculated to rank these plans for quality of RCW
foraging.

The three suggested alternatives also included techniques
to score cluster forage partitions. Applying these alternatives
to a large number of clusters produced highly inconsistent
results. The choice of technique had more influence on the
results than any factor in the data. Using identical stand
scores, the techniques showed variation of three to five fold
in the number of partitions in any evaluation from poor to good.
These differences were much larger than any differences
between the forests. None of these alternatives could be
used to confidently assign priority to clusters for silvicultural
treatment. It would seem that simply overlaying the partition
outlines on a map of stand scores would allow better qualita-
tive assessment of cluster forage than any of these quantita-
tive alternatives.

We have found that there is a reliable method to rank stands
that do not meet all the criteria of GQFH in the 2002 Recovery
Plan. Any of the three alternatives described here will produce
a ranked list of stands from very good to poor. Combined with
a simple listing of which criteria are responsible for the low
score, this ranking can form the foundation of a silvicultural
plan to improve RCW foraging habitat. However, alternatives
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to establish a quantitative method to evaluate forage within
partitions have resulted in highly inconsistent results. For now,
the silviculturalist will be able to evaluate the plans in relation
to habitat quality of individual stands but not implications to
quality of forage for groups of birds.
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RESPONSE OF AVIAN BARK FORAGERS AND CAVITY NESTERS TO
REGENERATION TREATMENTS IN THE OAK-HICKORY FOREST OF
NORTHERN ALABAMA

Yong Wang, Callie Jo Schweitzer, and Adrian A. Lesak’

Abstract—We examined bark-foraging and cavity-nesting birds’ use of upland hardwood habitat altered through a shelter-
wood regeneration experiment on the mid-Cumberland Plateau of northern Alabama. The five regeneration treatments were
0, 25, 50, 75, and 100 percent basal area retention. The 75 percent retention treatment was accomplished by stem-injecting
herbicide into mostly midstory canopy trees; the other removal treatments were implemented through chain saw felling and
grapple skidding. Density and species composition of bark-foraging and cavity-nesting birds were monitored during the breed-
ing season of 2002 and 20083. Signs of bark-foraging and excavation activities were examined for permanently-marked trees
in vegetation sampling plots in spring and fall of 2003 and spring, 2004. A total of 11 species were detected; 9 of them estab-
lished breeding territories on the study plots. Tufted Titmice were the most abundant species (1.35 + 0.12 territories per plot per
year), followed by White-breasted Nuthatch (0.67 + 0.08 territories per plot per year) and Downy Woodpecker (0.58 + 0.11
territories per plot per year). Species richness, abundance, and diversity indices of bark-foraging and cavity-nesting birds
varied by the regeneration treatments: Clearcut had the lowest values. Interestingly, no difference was detected among the
other four treatments. The amount of snags (measured as total d.b.h.) differed among the treatments: Plots that received the
75 percent retention (herbicide) treatment had the highest value. The signs of bark foraging and excavation activities (number
of pecks and excavations) were positively correlated with the availability of dead trees.

INTRODUCTION

Cavity-nesting and bark-foraging avian species are common
in the world’s forests. They depend on forest resources for
survival and reproduction. Conversely, they provide important
ecological services to forest ecosystems through pest control,
decomposition of standing dead trees, and as components of
forest food webs. Because of their life history traits, interac-
tions with other species, and disproportionate influence over
the structure and function of forest bird community, cavity-
nesting and bark-foraging species are considered as keystone
species in forest ecosystems (Bendnarz and others 2004,
Farris and others 2004). They affect biotic and abiotic factors
influencing resource creation, use, and exchange for many
species of microorganisms, plants, insects, amphibians,
reptiles, and mammals.

Cavity-nesting avian species in forest ecosystems are com-
posed of primary cavity excavators and secondary cavity
nesters (Conner 1978). The former includes most wood-
peckers that excavate their own nest and roost cavities; the
latter, such as bluebirds, use existing cavities either formed
naturally or abandoned by primary excavators. The factors,
including various forest management practices, that affect
snag resources have a direct effect on primary cavity excava-
tors who will in turn affect secondary cavity nesters (Conner
1978, Martin and others 2004). Studies have shown that
snag availability on forest lands affects species richness and
abundance of cavity nesting birds. For example, Balda (1975)
found that the amount of snags was positively related with the
abundance, diversity, and species richness of cavity-nesting
birds. Forest management practices such as clearcutting,
timber stand improvement, short harvest rotations, and
removing snags to reduce fire and safety hazards result in

elimination of cavity-nest sites from the forest (Runde and
Capen 1987). Other forest management practices, such as
herbicide application for forest stand improvement, can create
snags desirable for foraging and nesting of cavity-nesting
birds (Conner and others 1981, McComb and others 1986,
McComb and Rumsey 1983, Wagner and others 2004). There
is little information about how different levels of removal of
basal area affects cavity-nesting and bark-foraging bird com-
munities and how herbicide treatment of select midstory
trees affects snag resources and use by these birds.

The objective of this study is to examine the response of
cavity-nesting and bark-forging songbirds to a gradient of
forest stand manipulation, including canopy tree removal and
midstory herbicide treatments. We are interested in testing
the hypotheses that (1) territory density, species richness,
and diversity of cavity-nesting and bark-foraging birds differ
among these treatments; and (2) bark foraging and excava-
tion activities are positively related with snag availability.

METHODS

Study Site

The study sites were located at Miller Mountain (34° 58’ 30”
N, 86° 12" 30” W) and Jack Gap (34° 56" 30” N, 86° 04" 00”
W), Jackson County, AL, in the Mid-Cumberland Plateau of
the southern Appalachian Mountains (Smalley 1982).

The physiography of this region is characterized by narrow,
flat plateaus dissected with numerous deep valleys. Study
site elevation ranged from 260 to 520 m. Upland hardwood is
the dominant forested land cover type in the northern half of
Jackson County, with many large continuous tracts through-
out. The forests of the sites and much of the surrounding
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area were composed of mature (80- to 100-year-old) oak-
hickory (Quercus spp. and Carya spp.), with yellow-poplar
(Liriodendron tulipifera L.), sugar maple (Acer saccharum
Marsh.), red maple (Acer rubrum L.), and American beech
(Fagus grandifolia Ehrh.) as associates (Hartsell and Vissage
2001).

Research Design and Vegetation Sampling

The research was a randomized complete block design with
three replicates. The treatments included 5 overstory retention
treatments: 0 (clearcut), 25 percent, 50 percent, 75 percent,
and control. Each treatment plot was approximately 4 ha (10
acres). The clearcut, 25, and 50 percent retention treatments
were accomplished by conventional chainsaw felling and
skidding (December 2001 to March 2002). For the 75 percent
retention, an herbicide (Arsenal®, active ingredient: imazapyr)
was applied mainly to the small-diameter midstory trees to
reduce competition and increase light intensity for oak regen-
eration, without creating large overstory gaps (November
2001). Five 0.01-ha circular subplots in each treatment plot
were used for vegetation measurements. Diameter at breast
height (d.b.h.) of all live trees and snags > 3.8 cm in diameter
was measured in spring, 2003.

Bird Survey

We established three bird survey transects spaced evenly
across the width and parallel with the slope in each treatment
plot (Lesak and others 2003). Along each transect, marked
reference points were placed at 25-m intervals to facilitate
bird-territory mapping. To adequately sample the entire treat-
ment unit during spot-mapping, the distance between tran-
sects was < 50 m.

Territory spot-mapping was used to determine each avian
cavity-nesting and bark-foraging species’ territorial density
(Ralph and others 1993). Each of the 15 treatment plots
received 10 spot-mapping visits between late April and July,
2002, and again in 2003. One block of five plots was visited
each morning. One rotation of visits through all of the blocks
was completed before moving on to the next visit. The order of
visits to the 3 blocks was randomized for each of the 10 rota-
tions leaving 5 days between visits to the same block. Bird
surveys began between 05:00 a.m. and 05:30 a.m., depend-
ing on light conditions that varied with sunrise time and cloud
cover. All surveys were completed by approximately 10:30 a.m.
Each treatment plot received 1 hour of surveying per visit. All
surveys were performed by one individual (A. Lesak). Bird
species, behaviors, and positions were recorded during the
surveys. Detections from 10 visits were used for territory
interpretation in each year following the rules established by
International Bird Census Committee (1970). Birds were
classified as primary cavity-excavator, secondary cavity-
nester, and bark-forager based on Conner (1978) and our
own observations.

We quantified excavation and bark foraging activities by
examining signs of excavations and peck marks on each tree
and snag in the vegetation sampling subplots in April and
November, 2003, and March, 2004. Each tree was observed
in 3-m increments from the ground with the aid of binoculars.

Statistical Analysis

Live tree and snag data from five subplots in each treatment
plot were summarized for estimating the total basal area’ha
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of live trees and snags of each treatment plot. Excavation
activities were also summarized across subplots of each
treatment plot. Two-way factorial analysis of variance (ANOVA)
was used to test the treatment and year effects while control-
ling the block effect. Tukey HSD test was used for mean sep-
arations. Regression analysis was performed between total
snag basal area and excavation activities by birds. All anal-
yses were performed with SAS version 9.1 (SAS 2004) and
SPSS version 11.0 (SPSS 2001). We reported means and
standard errors. Statistical tests were declared significant when
the probability of Type | error was smaller than o = 0.05.

RESULTS AND DISCUSSION

The pretreatment data suggested that the average total basal
area was not different among the treatments (Schweitzer
2003). After the treatment, the mean total basal area was
25.4 + 4.9 m?/ha for live trees and was 2.8 + 1.0 m%ha for
snags. Both average total basal area of live trees and snags
differed among the 5 treatments (F4,e =43.3, P < 0.0001 and
F,=99999.0, P < 0.0001, respectively) (table 1). Control
and 75 percent retention treatments had the highest total live
tree basal area, clearcut had the lowest, and 25 percent and
50 percent retention treatments were in-between. The herbi-
cide treatment plots (75 percent retention) had the highest
amount of snags compared to the other 4 treatments. Although
the mean total basal area of snags differed among control,
25 percent, 50 percent, and clearcut, the difference was rela-
tively small and ranged between 0.48 m#ha (control) and
1.46 m?/ha (clearcut). The pattern of total live tree and snag
basal area among the treatment plots is consistent with our
expectation and is the direct consequence of the treatments
we introduced. The treatments created four distinct habitat
types: open-scrub, open forest, closed canopy forest with a
standing midstory, and closed canopy forest with an intact
midstory (Lesak and others 2003).

During the breeding seasons of 2002 and 2003, nine species
classified as cavity-nesters or bark-foragers established terri-
tories at the study sites (table 2). Tufted Titmice had the high-
est density followed by White-breasted Nuthatch and Downy
Woodpecker. Two species, Pileated Woodpecker and Red-
headed Woodpecker, were observed during the study, but
the detections were too few to infer the territories. The average
territory density differed among the 5 tree basal area reten-
tion treatments (F, ,, = 10.02, P < 0.001) and was not different
between the 2 years (F =, ,, = 0.80, P < 0.38). Two-way facto-
rial ANOVA suggested that the average territory density did
not interact between treatment and year (F, , = 1.51, P < 0.24).
In other words, the pattern was consistent between the 2
years. In both years, the territory density was significantly
lower in the clearcut treatment plots than in the other four
treatment plots. The average territory density did not differ
among the treatment plots receiving between 25 percent and
100 percent basal retention. This is contrary to our expecta-
tion that increasing snag resources in herbicide-treatment
plots would have increased the number of territories. Species
richness, Shannon diversity, and evenness indices of cavity-
nesting and bark-foraging birds showed patterns similar to
territory density in both years.

Excavation activity differed among the treatment types. The
herbicide-treated plots had more peck marks and excavations
than the other four treatments. There was also a significant



linear relationship between total snag basal area and the
number of pecks (r = 0.73, P < 0.01) and excavations (r = 0.62,
P < 0.01) among the treatment plots.

Our results demonstrated that forest management practices,
specifically basal area reduction by harvesting upper canopy
trees and herbicide treatment of midstory trees, affected
habitat resource (the availability of snags) of cavity-nesting
and bark-foraging birds. This is consistent with other studies
that showed forest management practices may have direct and
indirect impacts on the wildlife species (e.g. Conner 1978,
Conner and others 1994, McComb and Rumsey 1983, Runde
and Capen 1987). Although snag availability was different
among clearcut, 25 percent, and 50 percent retention, and
control plots, the difference was small (all below 1.5 m?/ha).
Territory density, species richness, and diversity of this group
of bird species were much lower in clearcut treatment. We
speculate that the reduction of species richness and abun-
dance in clearcut treatments would have been an indirect
effect due to habitat and environmental condition changes in
these plots. Clearcutting changed specific forest structure,
altering sites used by birds for functions such as perching,
protection, and food resources. For example, reduction in
basal area reduces the canopy cover that provides protection
from predators. In clearcuts, air moisture was low, and air
temperature was higher (Felix and others 2003), which could
directly affect physiological function of wildlife, including birds.

Herbicide treatment did result in more snags and more use,
as indicated by signs of excavations and pecks. Conner and
others (1981) suggested that substrate sources for cavity-
nesting birds could be created by applying herbicides.
McComb and others (1986) found that density of primary
cavity-nesting birds was positively related with snag density.
However, in our study, we found that territory density, species
richness, and diversity on herbicide treatment plots were not
different from treatment plots that had 25 and 50 percent
retention and control treatments. This could be due to several
reasons. Our herbicide treatment was applied mainly to small-
diameter midstory trees to reduce competition and increase
light intensity for oak regeneration without creating large over-
story gaps; these trees may be too small for building nests.
Conner (1978) found that each species of woodpeckers
required a specific size range of snags for nesting. However,
Land and others (1989) found cavity occurrence was not
related to snag d.b.h. Woodpeckers prefer snags or trees that
are infected by fungi that lead to rotting heartwood for nest
sites (Conner 1978, Jackson and Jackson 2004, Runde and
Capen 1987); woodpeckers usually use well-decayed tops and
bases of snags for nest excavation (Conner and others 1994).
We did not examine the fungi infection of snags but suspect
that the time between our herbicide treatment and this study
was not sufficiently long for herbicide-killed trees to develop
heart rot. Cain (1996) found that wildlife cavities per snag
increased with time since herbicide introduced mortality.
Moorman and others (1999) also found that stage of snag
decay and number of cavities/snag increased with year since
snag recruitment. Similar to the 25 percent and 50 percent
retention and control plots, the number of breeding territories
of cavity-nesting and bark-foraging bird species in herbicide
treatment plots in this study could have be limited by the avail-
ability of the larger-diameter snags occurring naturally in these
forest stands. Although herbicide kills trees, the quality of
these snags is different from that of naturally occurring snags

at our study sites. It appears that snags created by herbicide
treatment provided foraging habitat to bird species in this
study, which resulted in the positive relationship between the
availability of snags and excavation activities.
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DRY CREEK LONG-TERM WATERSHED STUDY: THE EFFECTS OF
HARVESTING IN STREAMSIDE MANAGEMENT ZONES AND
ADJACENT UPLANDS OF RIPARIAN CORRIDORS ON
AVIAN COMMUNITIES IN THE COASTAL PLAIN OF GEORGIA

Merideth P. Grooms, J. Drew Lanham, and T. Bently Wigley'

Abstract—We evaluated the effects of Best Management Practices (BMPs) harvesting on avian communities associated with
headwater streams in the Georgia Coastal Plain. Two watersheds served as references, with no timber harvesting, and two
treatment watersheds were clearcut with retention of Streamside Management Zones (SMZs) according to Georgia BMPs for
forestry. Bird communities were surveyed in each watershed before and after harvest by variable-distance transect surveys.
The bird community surveyed in each watershed was divided into foraging, nesting, and disturbance guilds. A Partners In
Flight (PIF) composite score-based index was used to calculate the conservation value (CV) of those communities. Among
variables measured, disturbance guilds showed the most apparent response to harvesting. This response, considered in the
context of the CV index response, indicated that there was some changeover from high priority disturbance-sensitive species
to moderate/high priority disturbance-tolerant species resulting from harvesting. We recommend the use of PIF scores and
associated CV indexes along with other bird community variables in investigations of the value of SMZs for songbirds.

INTRODUCTION

Streamside Management Zones (SMZs), as recommended
by Best Management Practices (BMPs) guidelines in the
Southeastern United States, are designed primarily to protect
water quality during forestry activities and have been shown
to do so effectively (Ward and Jackson 2004, Wynn and others
2000). Land managers are becoming increasingly interested
in the protection SMZs afford wildlife that occupy riparian envi-
ronments. Many recent studies in the Eastern United States
focus on the relationship between riparian buffer strips and
bird communities (Conner and others 2004, Hodges and
Krementz 1996, Kilgo and others 1998, Meiklejohn and
Hughes 1999). These studies’ major interest has been on width
requirements for forest interior species. Several researchers
have concluded that riparian corridors >100 m are necessary
to conserve avian communities associated with interior
bottomland forest (Croonquist and Brooks 1993, Keller and
others 1993, Kilgo and others 1998, Spackman and Hughes
1995). However, retaining riparian corridors >100 m may be
impractical for some forest landowners, particularly on small
headwater streams. Thus, there is a need for better informa-
tion about how bird communities respond to minimum-width
SMZs as recommended in forestry BMPs.

Researchers who have studied effects of riparian buffer width
on bird communities have primarily used summary statistics
and guilds to make inferences about bird communities. How-
ever, these analytical methods do not take into account the
regional conservation needs of species in the study area. A
recent tool for assessing the conservation value of habitat is
Partners in Flight's (PIF) species prioritization scores for North
American landbirds (Hunter and others 1993). These scores,
which range in magnitude from 7 to 35, are based on a spe-
cies’ vulnerability and need for conservation action, including
distribution, relative abundance, threats of decline or extirpa-
tion, population trend, and area importance. The scoring

process and context of conservation application are described
by Carter and others (2000). Since the introduction of the PIF
scoring system, its most common application has been the
sum of all the scoring components, known as the composite
score. The composite score has been included in tables of
species abundance and frequency to indicate species of
highest concern and has also been used as a weighting
factor in a conservation value index which, along with tradi-
tional summary statistics and information about species
composition, creates a more complete picture of a site’s
value for birds (Nuttle and others 2003).

The bird conservation value concept can be applied to many
management issues, including the question of how well mini-
mum SMZs recommendations conserve bird communities
associated with headwater streams. The minimum SMZs
recommendations for forestry BMPs developed for Georgia are
to leave 12 m of SMZs on each side of perennial streams for
0 to 20 percent slopes and 21 m for 21 to 40 percent slopes
(Georgia Forestry Commission 1999). The Dry Creek Long-
Term Watershed Study was designed to contribute to an
assessment of the effectiveness of these recommendations
for protecting water quality and hydrology, riparian environ-
ments, and associated biotic communities, including birds.
This project, as part of the long-term study, evaluates the
value of SMZs for conserving bird communities associated
with headwater streams in the Georgia Coastal Plain using a
combination of traditional summary statistics, guild-based
evaluations, and a PIF composite score-based conservation
value index.

STUDY AREA

The ongoing Dry Creek Long-Term Watershed Study is
located on International Paper Company’s Southlands Forest,
which is approximately 16 km south of Bainbridge, GA (latitude
30.8 N, longitude 84.6 W), in the Coastal Plain physiographic
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Figure 1—Location of study area, with inset illustrating the four watersheds

examined in the study.

province (fig. 1). The four watersheds (labeled from north to
south as A, B, C, and D) in the study area range in size from
26.1 ha (Watershed A) to 46.6 ha (Watershed D). They are
oriented in a roughly east-to-west direction and lie on the
sharply sloping boundary between the Dougherty Plain and
Tifton Upland Districts, known as the Pelham Escarpment.
The Pelham Escarpment forms the southeastern border of
the larger Apalachicola-Chattahoochee-Flint (ACF) River
basin. As part of this basin, these headwater streams drain
into the Dry Creek and on into the Flint River (Couch and
others 1996). Ambient temperatures average a maximum of
26.2 °C and a minimum of 12.5 °C. Average annual precipita-
tion is 138.7 cm (Southeast Regional Climate Center 2005).
Prior to the study, overstory vegetation was dominated by
Liriodendron tulipifera L., Nyssa biflora Walt., Pinus glabra
Walt., and Pinus taeda L.

PROCEDURES

Overall Study Design

Two of the four watersheds (A and D) served as references
with no timber harvesting, and two treatment watersheds (B
and C) were clearcut-harvested and site-prepared according
to Georgia BMPs for forestry during the months of September
to November, 2003 (fig. 2). SMZs were 12 to 21 m wide on
both stream sides.

Bird Community Sampling

During 2003 and 2004, breeding bird communities within each
watershed were surveyed using a single variable-distance
transect running parallel to the stream within SMZs. In 2003,
each transect was surveyed 6 times from June 2 to July 1,
and in 2004 (the breeding season following harvest), each
transect was surveyed 10 times from June 2 to July 3. Tran-
sects ranged from 300 to 675 m in length, depending on the
length of SMZs available for sampling, and each transect was
divided into 25-m segments. Bird communities were surveyed
by walking each transect at a slow, steady rate and recording
the distance perpendicular to the transect from which each
bird was heard or seen. All watersheds were surveyed between
0600 and 0900 EST, and each survey was taken by the same
observer. To decrease time bias, sampling was alternately
initiated at the upstream or downstream end of a transect.

Data Analysis
Because length of transect varied by watershed, overall abun-
dance and species richness of bird species were standardized
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Figure 2—Treatments initiated in the fall of 2003. Watersheds
A and D served as references and were not harvested.

by unit area. Each bird species recorded was assigned to a
foraging, nesting (Hamel 1992), and disturbance guild
(Canterbury and others 2000). Disturbance guilds included
disturbance-sensitive species (e.g. Hooded Warbler), distur-
bance-tolerant species (e.g., Indigo Bunting), and disturbance-
neutral species (e.g., Carolina Wren) (Table 1). Relative abun-
dance was used to make comparisons among guilds. Avian
conservation value (CV) [equation (1)] was calculated for
each sample in each watershed by summing the relative
abundance of each species weighted by its PIF composite
score after Nuttle (1997).



Table 1—List of all species recorded in the watersheds studied. Guild associations and PIF composite score are
indicated for each species.

Southeastern
Coastal Plain
Species Foraging guild® Nesting guild® Disturbance guild® (BCR)
Wild Turkey Meleagris gallopavo Ground Ground/shrub Neutral 17
Green Heron Butorides virescens Other Ground/shrub Neutral 18
Red-shouldered Hawk Buteo lineatus Other Canopy Neutral 17
Broad-winged Hawk Buteo platypterus Other Canopy Neutral 20
American Woodcock Scolopax minor Ground Ground/shrub Neutral 21
Northern Bobwhite Ground Ground/shrub Neutral 21
Mourning Dove Zenaida macroura Ground Ground/shrub Neutral 13
Yellow-billed Cuckoo Coccyzus americanus Foliage Canopy Neutral 21
Barred Owl Strix varia Other Canopy Sensitive 15
Ruby-throated Hummingbird Archilochus colubris Other Canopy Neutral 18
Red-headed Woodpecker Melanerpes erythrocephalus Bark Cavity Tolerant 20
Red-bellied Woodpecker Melanerpes carolinus Bark Cavity Sensitive 18
Downy Woodpecker Picoides pubescens Bark Cavity Neutral 17
Hairy Woodpecker Picoides villosus Bark Cavity Sensitive 18
Northern Flicker Colaptes auratus Bark Cavity Neutral 18
Pileated Woodpecker Dryocopus pileatus Bark Cavity Sensitive 17
Acadian Flycatcher Empidonax virescens Hawker Canopy Sensitive 21
Great Crested Flycatcher Myiarchus crinitus Hawker Cavity Neutral 19
Eastern Kingbird Tyrannus tyrannus Hawker Canopy Tolerant 20
White-eyed Vireo Vireo griseus Foliage Ground/shrub Tolerant 21
Yellow-throated Vireo Vireo flavifrons Foliage Canopy Neutral 22
Red-eyed Vireo Vireo olivaceus Foliage Canopy Sensitive 15
Blue Jay Cyanocitta cristata Foliage Canopy Neutral 17
American Crow Corvus brachyrhynchos Ground Canopy Neutral 12
Fish Crow Corvus ossifragus Ground Canopy Neutral 18
Carolina Chickadee Poecile carolinensis Foliage Cavity Neutral 21
Tufted Titmouse Baeolophus bicolor Foliage Cavity Neutral 16
Carolina Wren Thryothorus ludovicianus Ground Ground/shrub Neutral 17
Blue-gray Gnatcatcher Polioptila caerulea Foliage Canopy Neutral 17
Wood Thrush Hylocichla mustelina Ground Ground/shrub Sensitive 24
Brown Thrasher Toxostoma rufum Ground Ground/shrub Neutral 19
Northern Parula Parula americana Foliage Canopy Sensitive 22
Swainson’s Warbler Limnothlypis swainsonii Ground Ground/shrub Sensitive 27
Louisiana Waterthrush Seiurus motacilla Ground Ground/shrub Sensitive 21
Kentucky Warbler Oporornis formosus Ground Ground/shrub Sensitive 23
Hooded Warbler Wilsonia citrina Foliage Ground/shrub Sensitive 21
Yellow-breasted Chat Icteria virens Foliage Ground/shrub Tolerant 19
Summer Tanager Piranga rubra Foliage Canopy Neutral 19
Eastern Towhee Pipilo erythrophthalmus Ground Ground/shrub Tolerant 20
Northern Cardinal Cardinalis cardinalis Foliage Ground/shrub Neutral 14
Blue Grosbeak Guiraca caerulea Foliage Ground/shrub Tolerant 18
Indigo Bunting Passerina cyanea Foliage Ground/shrub Tolerant 17
Brown-headed Cowbird Molothrus ater Ground Other Tolerant 11

4From Hamel (1992).
>From Canterbury and others (2000).



CV =Y RAi*PIF (1)
for spe,c:iles i=1ton

where:

CV = conservation value,

RAi = relative abundance of the i species, and

PIF = PIF composite concern score of the i species.

A general linear model was constructed which included the
effects of years, treatments, and replications. Analysis of vari-
ance (ANOVA) was used to analyze the model and determine
differences in abundance and species richness between
treatments and between years. All calculations were performed
using SAS, and all comparisons were made with ¢=0.05.

RESULTS AND DISCUSSION

When examining bird communities within each watershed,
we found no significant differences between pre- and post-
harvest species richness/ha. Abundance/ha did not change
significantly in each watershed after harvest, except in
Watershed B (Treatment), where it was significantly lower
following harvest (p=.0021).

Relative abundance of foraging and nesting guilds showed few
clear trends in response to harvest. We detected no significant
differences between pre- and post-harvest relative abundance
of ground or foliage foragers within each watershed. Bark
foragers (e.g., woodpeckers) increased post-harvest in Water-
shed B (Treatment; p=.0278), likely as a result of an open pine
stand left on a portion of one slope on the downstream end
of Watershed B. Hawkers (e.g., flycatchers) increased post-
harvest in Watershed A (Reference; p=.0366) but decreased
in Watershed B (Treatment; p=.0138) following harvest. There
was no statistical difference in the relative abundance of
cavity nesters in each watershed before and after harvest.
Ground/shrub nesters increased after harvest in Watershed A
(Treatment; p=.0433) and Watershed C (Treatment; p=.0403),
and canopy nesters decreased in Watershed C (Reference;
p=.0029).

Disturbance guilds exhibited a clearer response than foraging
and nesting guilds. Not surprisingly, relative abundance of
disturbance-sensitive species in reference watersheds (A and
D) did not change significantly after harvest but significantly
decreased in both treatment watersheds (B and C; p<.0008;
fig. 3a). In contrast, relative abundance of disturbance-
tolerant species significantly (p<.010) increased in both treat-
ment watersheds while remaining the same or decreasing
(p=.0385) in both reference watersheds (fig. 3b). Disturbance-
neutral species were no more abundant post-harvest than
pre-harvest in all watersheds but B (Treatment; p=.0108; fig 3c).

The CV of bird communities within each of the four watersheds
was not significantly different before harvest, with the excep-
tion of Watershed B, which had the lowest CV of all four water-
sheds. After harvest, CV remained high in reference water-
sheds while decreasing in Watershed C to about the level of
Watershed B, which stayed about the same post-harvest (fig.
4a). Although the decrease of CV in Watershed C following
harvest was significant (p=.0021), the magnitude of the
decrease was such (1.3 units or 6.6 percent) that CV remained
relatively high (fig 4b).
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Figure 3—Mean relative abundance of disturbance-sensitive (A),
disturbance-tolerant (B), and disturbance-neutral species (C) in
watersheds before and after harvest.

In harvested watersheds, the change in species composition
(i.e., disturbance-sensitive versus disturbance-tolerant) and
the retention of relatively high CV index scores suggests that
there was a changeover from relatively high-priority distur-
bance-sensitive species to moderate/high-priority disturbance-
tolerant species. In Watershed B, Acadian Flycatcher and
Hooded Warbler, two relatively high-priority (PIF=21) distur-
bance-sensitive species, both significantly (p<.0032) declined
in relative abundance following harvest. Three disturbance-
tolerant species, Eastern Kingbird (PIF=20), Blue Grosbeak
(PIF=18), and Indigo Bunting (PIF=17), increased in response
to harvest (p<.0006). Watershed C showed a significant
(p<.0169) decrease in relative abundance of 4 high-priority
(PIF>20) species (Yellow-throated Vireo, Northern Parula,
Louisiana Waterthrush, and Hooded Warbler), which likely
made a large contribution to the decrease in CV. However,
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Figure 4—Conservation Value (CV) comparison among watersheds
both before and after harvest (A) and between years within each
watershed (B).

this decrease was probably mitigated to some extent by the
significant (p<.0472) increase in relative abundance of a rela-
tively high-priority early-successional species (Eastern
Towhee, PIF=20) and the sustained relative abundance of
Acadian Flycatcher (PIF=21), which before harvest made up
roughly 10 percent of bird abundance in Watershed C.

CONCLUSIONS

Although abundance, species richness, and relative abundance
of foraging and nesting guilds showed few readily apparent
patterns related to disturbance, the use of disturbance guilds
and PIF score-based indexes suggests that implementation
of minimum Georgia SMZs recommendations in this study
resulted in some changeover from high priority disturbance-
sensitive species to moderate/high priority disturbance-
tolerant species. PIF scores are being increasingly applied to
management decisions by highlighting conservation needs of
bird communities, and when interpreted in the context of
other variables (such as disturbance guilds), they can be a
meaningful way to make pre- and post-disturbance compari-
sons of a bird community’s conservation value. We recom-
mend that future research on SMZs and bird communities
use PIF scores and associated conservation value concept
along with other bird community variables to help guide
forest wildlife management decisions.

ACKNOWLEDGMENTS

We thank National Council for Air and Stream Improvement,
National Fish and Wildlife Foundation, International Paper
Company, and Clemson University for funding and assis-
tance. Thanks also to Dr. Billy Bridges for statistical guidance
and to reviewers for their helpful comments.

LITERATURE CITED

Canterbury, G.E.; Martin, T.E.; Petit, D.R. [and others]. 2000. Bird
communities and habitat as ecological indicators of forest condi-
tion in regional monitoring. Conservation Biology. 14(2): 544-558.

Carter, M.F; Hunter, W.C.; Pashley, D.N.; Rosenberg, K.V. 2000.
Setting conservation priorities for landbirds in the United States:
the Partners In Flight approach. Auk. 117(2): 541-548.

Conner, R.N.; Dickson, J.G.; Williamson, J.H.; Ortego, B. 2004. Width
of forest streamside zones and breeding bird abundance in eastern
Texas. Southeastern Naturalist. 3(4): 669-682.

Couch, C.A.; Hopkins, E.H.; Hardy, P.S. 1996. Influences of environ-
mental settings on aquatic ecosystems in the Apalachicola-
Chattahoochee-Flint River Basin. U.S. Geological Survey Water
Resources Investigations Report. 95-4278. 58 p.

Croonquist, M.J.; Brooks, R.P. 1993. Effects of habitat disturbance on
bird communities in riparian corridors. Journal of Soil and Water
Conservation. 48(1): 65-70.

Georgia Forestry Commission. 1999. Georgia’s Best Management
Practices for forestry. 68 p.

Hamel, P.B. 1992. The land manager’s guide to the birds of the
South. Chapel Hill, NC: The Nature Conservancy, Southeastern
Region. 437 p.

Hodges, M.F,, Jr.; Krementz, D.G. 1996. Neotropical migratory
breeding bird communities in riparian forests of different widths
along the Altamaha River, Georgia. Wilson Bulletin. 108(3): 496-506.

Hunter, W.C.; Carter, M.F.; Pashley, D.N.; Barker, K. 1993. Partners in
Flight species prioritization scheme. In: Finch, D.M.; Stangel, PW.,
eds. Status and management of neotropical migratory birds.

Gen. Tech. Rep. RM-229. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Forest and Range
Experiment Station: 109-119.

Keller, C.M.E.; Robbins, C.S.; Hatfield, J.S. 1993. Avian communities
of riparian forests of different widths in Maryland and Delaware.
Wetlands. 13(2): 137-144.

Kilgo, J.C.; Sargent, R.A.; Chapman, B.R.; Miller, K.V. 1998. Effect of
stand width and adjacent habitat on breeding bird communities in
bottomland hardwoods. Journal of Wildlife Management. 62(1):
72-83.

Meiklejohn, B.A.; Hughes, J.W. 1999. Bird communities in riparian
buffer strips of industrial forests. The American Midland Naturalist.
141(1): 172-184.

Nuttle, T.J. 1997. Response of breeding bird communities to affores-
tation of hardwood bottomland sites in Mississippi. Mississippi
State, MS: Mississippi State University, Department of Wildlife and
Fisheries. 68 p. M.S. thesis.

Nuttle, T.; Leidolf, A.; Burger, L.W., Jr., 2003. Assessing conservation
value of bird communities with Partners in Flight-based ranks. Auk.
120(1): 541-549.

Southeast Regional Climate Center. 2005. Bainbridge, Georgia,
climate information. http://climate.engr.uga.edu/bainbridge/index.
html. [Date accessed: May 9, 2005].

Spackman, S.C.; Hughes, J.W. 1995. Assessment of minimum
stream corridor width for biological conservation: species richness
and distribution along mid-order streams in Vermont, USA.
Biological Conservation. 71: 325-332.

Ward, J.M.; Jackson, C.R. 2004. Sediment trapping within forestry
streamside management zones: Georgia Piedmont, USA. Journal
of the American Water Resources Association. 40(6): 1421-1431.

Wynn, T.M.; Mostaguimi, S.; Frazee, J.W. [and others]. 2000. Effects
of forest harvesting Best Management Practices on surface water
quality in the Virginia Coastal Plain. Transaction of the American
Society of Agricultural Engineers. 43(4): 927-936.

25



IMPLICATIONS OF LARGE OAK SEEDLINGS ON
PROBLEMATIC DEER HERBIVORY

Christopher M. Oswalt, Wayne K. Clatterbuck, Allan E. Houston, and Scott E. Schlarbaum’

Abstract—Seedling herbivory by whitetail deer [Odocoileus virginianus (Boddaert)] can be a significant problem where artifi-
cial regeneration is attempted. We examined the relationship between deer herbivory and morphological traits of northern red
oak (Quercus rubra L.) seedlings for two growing seasons for both browsed and non-browsed seedlings. Logistic regres-
sion analyses indicate that seedling height in each dormant season was related to terminal shoot removal (TSR) through
herbivory in each of the subsequent growing seasons, 2002 and 2003 (P<0.0001 and P<0.0001, respectively). Browse line
was defined as the maximum height deer attempted to browse on seedling shoots and was identified as 148 cm for the

2002 growing season. Seedlings with observed TSR in both 2002 and 2003 were 36 cm (P<0.001) smaller than seedlings
with observed TSR in only one or no growing seasons. The results indicate that deer browse is inversely related to seedling
size. Larger seedlings would be more likely to surpass the browse line much faster, if not at the time of planting. The cost of
producing taller seedlings may be higher per capita, but higher seedling survival and the reduced need for high-density plant-

ings may help offset the higher cost per seedling.

INTRODUCTION

Challenges to successful regeneration of oak (Quercus spp.)
have been discussed in a wide array of scientific literature.
However, natural regeneration of oak can be problematic in
many stands, particularly on highly productive sites, where
aggressive pioneer species colonize following disturbance,
(e.g., harvest). Large wildfires following complete overstory
removal (Abrams 1992, Lorimer 2001), the loss of American
chestnut [Castanea dentata (Marsh.) Borkh.], Native-American’s
and colonial use of fire (Delcourt and Delcourt 1998, Hough
1878), and regional stand development patterns (Clatterbuck
and Hodges 1988, Oliver 1981) all appear to have contributed
to the dominance of oak throughout the eastern deciduous
forest. However, many of the conditions favorable to the
regeneration of oak are no longer present (Loftis and McGee
1998). Moreover, favorable conditions for oak regeneration
are unlikely to be regained.

Difficulty in naturally regenerating oak can be viewed as a result
of social and economic constraints imposed on an existing bio-
logical solution. Loftis (1983, 1990) demonstrated that oak
regeneration can be developed on highly productive sites using
a shelterwood approach. However, economic and temporal
constraints render this approach unacceptable to many non-
industrial private forestland (NIPF) owners. Many NIPF owners
rely on short-term economic considerations to dictate forest-
land management decisions, particularly harvest timing. This
tendency does not usually allow for pre-harvest planning and/or
intermediate operations necessary to ensure a viable advance
oak reproduction population. One alternative could be artificial
regeneration, which, over the past 10 years has received a
great deal of attention and in which numerous challenges
have been identified.

Obstacles to widespread use of artificial oak regeneration
include competitive influences of faster-growing species, pro-
duction of quality seedling stock, and of particular importance,

the influence of whitetail deer herbivory. The whitetail deer
population has increased significantly through the 20" century,
and deer are now the most abundant wild ungulate on the
North American continent (Russell and others 2001). Concomi-
tantly, deer browsing has profoundly impacted both the compo-
sition and structure of many plant communities, including the
depression of natural (Rooney and Waller 2003) and artificial
(Buckley and others 1998) oak regeneration. In addition, deer
herbivory can result in increased seedling mortality (Buckley
and others 1998) and has significant impacts on height
growth (Oswalt and others 2004). The aggregate effect is the
reduced competitive capacity of planted oak seedlings.

Management options for reducing the impact of deer herbivory
on planted seedlings are limited. The primary techniques used
to protect planted seedlings from deer herbivory include the
use of tree shelters (Dubois and others 2000), deer repellents
(Romagosa and Robison 2003), and fenced exclosures
(Opperman and Merenlender 2000). While the use of larger
tree shelters (> 4 feet) has generally been successful, their
cost can be prohibitive for many NIPF owners. Fencing can
also be cost-prohibitive and is often more expensive than tree
shelters. Repellents vary in effectiveness (Romagosa and
Robison 2003) and may retard growth and development.
Planting large and vigorous seedlings, i.e., high-quality seed-
lings, is one alternative to eliminate or reduce deer herbivory.
Inherent in the idea of a tree shelter is the assumption that a
seedling will reach a height in which the probability of adverse
impacts is significantly lessened. Planting taller seedlings
may benefit from the same relationship.

This study examines the impacts of deer herbivory on height
growth of planted high-quality northern red oak (Q. rubra L.)
seedlings. Specifically, we investigate the hypothesis that the
impact of deer herbivory on smaller seedlings is more sub-
stantial than on taller seedlings. In addition, we quantify the
associated impacts of variable levels of deer herbivory on
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seedling height growth and explore the possibilities of plant-
ing taller seedling stock to reduce problematic deer browse.

STUDY SITE

The study was conducted on the Ames Plantation in south-
west Tennessee, along an intermittent stream in the head-
waters region of the North Fork of the Wolf River (NFWR)
(85°09" N, 89°13" W). The site encompasses approximately
100 acres of mixed bottomland and riparian hardwood forest
dominated by various oak species and is part of the South-
eastern Mixed Forest Province (Bailey 1995). Two distinct
landforms were identified within the immediate study site: a
minor bottom near the confluence of the stream with the
NFWR and ancestral terraces of the minor stream.

The headwaters region of the NFWR is located within the
Mississippi Embayment of the Gulf Coastal Plain. The geology
is dominated by the highly erodible Wilcox and Claiborne
formations of Tertiary age exposed by the erosion of Quater-
nary and Tertiary fluvial deposits and the overlying Pleistocene
loess deposits common in western Tennessee (Fenneman
1938, Safford 1869). The principal soil groups are Grenada-
Loring-Memphis on the terraces and Falaya-Waverly-Collins
within the minor bottom (U.S. Department of Agriculture 1964).

MATERIAL AND METHODS

In the fall of 2001, three experimental blocks were identified
based on landform and position. Significant differences in
average stand basal area (P < 0.05) were found among the
blocks. Twelve 2-acre treatment units were designated within
the experimental blocks; four units were located within the
minor bottom (Bottom block), and eight units were located
within the terrace sites upstream from the minor bottom (four
each within the East and West blocks). Species composition
at the time of establishment was dominated by oak spp. on
the ancestral terraces and by cherrybark oak (Q. falcata var.
pagodifolia Ell.), yellow-poplar (Liriodendron tulipifera L.), and
sweetgum (Liquidambar styraciflua L.) in the Bottom block.

Four overstory treatments (table 1), including a control (no
cut), with 3 replications were randomly assigned to the 12
units using a randomized complete block design. Harvesting
for all treatments was completed in the winter of 2001-2002.

Seedlings originating from two genetic families (families 321
and 234) in a seedling seed orchard on the Ames Plantation
(Schlarbaum and others 1998) were chosen for planting
following harvest. The seedlings were grown at the Georgia
Forestry Commission’s Flint River Nursery under fertilization
and irrigation protocols developed by Kormanik and others

(1994a). The seedlings were lifted in February, 2002, and
were evaluated using procedures developed by Kormanik
and others (1994a, 1994b), as modified by Clark and others
(2000). Height, root collar diameter (rcd), and the number of
first-order lateral roots (folr) sensu (Ruehle and Kormanik
1986) were recorded, and seedlings were visually classified
into one of three categories (cull, good, premium). Thirty
seedlings from the good and premium classes in each family
were planted by shovel (20 by 20 feet) in March, 2002, within
each of the 12 units for a total of 720 seedlings.

Survival, height growth, and browse pressure data were
obtained in January, 2003, and January, 2004, for all seed-
lings after they entered dormancy. A “browse pressure classi-
fication” was used (Buckley 2001) to investigate the effects of
deer herbivory on planted seedlings. Browse pressure was
classified into one of four categories: no browse, terminal
browse, lateral browse and complete browse. No browse was
defined as no visible signs of herbivory, lateral browse was
defined as herbivory limited to lateral shoots only, terminal
browse was herbivory limited to only the terminal shoot, and
complete browse was defined as observed herbivory on both
lateral and terminal shoots. In addition, a binary variable
called “terminal shoot removal” (TSR) was created by combin-
ing the complete browse and the terminal browse categories.
This variable allowed consolidation of seedlings where
terminal shoots were browsed.

Mean 2-year seedling height growth and survival by TSR
category were analyzed for differences between growing
seasons using mixed effects ANOVA models and post-
ANOVA mean separation using Fisher’s Least Significance
Difference Procedure (SAS Institute Inc. 1989). An error level
of o = 0.05 indicated significant differences. Logistic regres-
sion and chi-square analyses were used to explore the
possible relationship between seedling height before bud
break and the probability of TSR and to determine the
limiting height for browse.

RESULTS

Mean initial rcd, initial shoot height, and number of folr for
premium seedlings (n = 216) were 12.55 mm, 124.30 cm,
and 21, respectively. Mean initial rcd, initial shoot height, and
number of folr for good seedlings (n = 504) were 10.23 mm,
103.85 cm, and 16, respectively.

Seedlings experienced browse pressure during both growing
seasons. Seedlings exhibited signs of TSR following the 2002
growing season only (n = 104, 18 percent of surviving seed-
lings), the 2003 growing season only (n = 58, 10 percent), and

Table 1—Overstory treatment descriptions for the oak regeneration study on Ames Plantation, Fayette County, TN,

December 2001

Treatment

Description

Commercial clearcut
Two age

Removal of all stems > 6 inches diameter breast height.
Residual stand basal area of 15-20 square feet per acre was targeted. Residual stems were chosen

based on spacing criteria and the desire to leave stems of desirable species with an opportunity to
increase in value. Desirable species included oaks, hickories (Carya spp.), and yellow-poplar.

High grade
No cut (control)

Removal of all stems > 14 inches diameter breast height.
Designed to act as the study control. No removals.
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both growing seasons (n = 76, 12 percent), irrespective of
overstory treatment. However, many seedlings did escape
TSR in both 2002 and 2003 (n = 355, 60 percent). Mortality,
primarily in the control units, accounted for 127 seedlings.
Herbivory by whitetail deer had no significant influence on
seedling survival following two growing seasons but did influ-
ence 2-year height growth (P < 0.0001) through TSR. Mean
2-year height growth was greatest for seedlings that did not
exhibit signs of TSR and least for seedlings that exhibited
signs of TSR following both growing seasons (table 2). Seed-
lings that experienced TSR in both 2002 and 2003 were on
average 36 cm shorter than seedlings exhibiting no signs of
TSR. Chi-square analysis identified 148 cm as the limiting
height for TSR (P < 0.0001). TSR did not occur on any seed-
ling > 148 cm initial planting height (5 percent of population)
during the 2002-growing season. Following the 2003 growing
season, 47 percent of the seedlings had surpassed the 148
cm “browse-line”. Consequently, logistic regression analysis
of pooled seedling data (pooled across treatment) suggested
that dormant season seedling height influenced TSR in both
2002 and 2003 (P < 0.0001 and P < 0.0001, respectively).

DISCUSSION AND CONCLUSIONS

While TSR was not extensive (15 percent of total planted in
2002, 8 percent in 2003, and 11 percent for both growing
seasons), it did show that deer herbivory had a significant
impact on 2-year seedling height growth, particularly on seed-
lings that were browsed in both years. Seedlings with observed
TSR in both 2002 and 2003 were on average 36 cm smaller
than seedlings that maintained an unbrowsed terminal shoot.
The study demonstrated that planting taller seedlings reduces
deer herbivory of the terminal shoot without the associated
expense of tree shelters (Clatterbuck 1999), repellents, or
exclosures. The cost of seedlings, however, is greater due to
using only a portion of the seedlings purchased. In this study,
roughly 45 percent of the available seedlings were selected
for planting. This selection regime almost doubles the price
per seedling. The increased cost can be somewhat mitigated,
however, by a reduction in planting density due to relatively
higher survival and greater growth. Concomitantly, taller seed-
lings not only provide some protection from deer herbivory
but also appear to have higher rates of growth (Oswalt and
others 2003). As a result, the benefits of planting taller seed-
lings appear to be multi-dimensional.

Table 2—Season of occurrence, number (N),
mean height growth after two growing seasons
and associated standard error of northern red
oak (Quercus rubra L.) seedlings with observed
terminal shoot removal (TSR) pooled across
treatments within the oak regeneration study on
Ames Plantation, Fayette County, TN

Season N Mean S.E.
2002 Only 104 34.214 2.68
2003 Only 58 10.10° 2.78
2002 & 2003 75 4.67° 213
No TSR 355 40.72° 1.71

Different lettering indicates differences (P < 0.05).
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RESPONSE OF TIMBER GROWTH AND AVIAN COMMUNITIES TO QUALITY
VEGETATION MANAGEMENT IN MID-ROTATION CRP PINE PLANTATIONS

Brandon G. Sladek, lan A. Munn, L. Wes Burger, and Scott D. Roberts'

Abstract—Provisions of the 2002 Farm Bill gave Conservation Reserve Program (CRP) participants greater flexibility to
implement mid-contract management activities that encourage wildlife habitat improvement and timber production. Quality
Vegetation Management (QVM) is one such technique that utilizes the selective herbicide Imazapyr and prescribed burning.
Timber growth (d.b.h., total/merchantable heights, and cubic foot volume per acre) and summer avian community responses
(relative abundance, species richness, and total conservation value) to the QVM treatment are being evaluated in mid-rota-
tion CRP loblolly pine plantations in two physiographic regions of Mississippi. By 2-years post-treatment, significant increases
in the relative abundance of six early successional bird species were detected on treated sites. Although not significant, mean
pine growth increment increases were slightly greater on treated plots than on control plots.

INTRODUCTION

Since the late 1950s, several federal programs (e.g., Conser-
vation Reserve phase of the Soil Bank, Forestry Incentives
Program) have promoted forest management on private lands
(Allen and others 1996). Although the majority (34 million
acres) of land enrolled in the Conservation Reserve Program
(CRP) is distributed throughout the Midwestern and Great
Plains states, the program has had a tremendous impact on
land-use changes in the Southeast as well (Burger 2000).
Through February, 2005, 3,271,838 acres had been enrolled
in the CRP across 12 Southeastern States (Alabama,
Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi,
North Carolina, South Carolina, Tennessee, Virginia, and
West Virginia) (USDA 2005). In the Midwest, the predominant
conservation practice is grass establishment, whereas tree
planting has been the most commonly used practice in the
Southeast, representing 1,868,893 acres, or 57 percent, of
the total enrolled acres as of February 2005 (USDA 2005).
Pine plantings, either newly established plantations or
existing plantations, represent 48 percent of these acres
(USDA 2005).

From plantation establishment until stand maturity, competing
vegetation will in some way affect the growth of desired crop
trees. Some competition can be beneficial; it helps maintain
good tree form and small branches. However, substantial
competition, usually from other plant species, will negatively
affect pine growth through competition for important resources
(Schultz 1997). Numerous studies have shown a significant
growth response to competition control in young pine planta-
tions (Bacon and Zedaker 1987, Creighton and others 1987,
Knowe and others 1985), and others have demonstrated that
significant increases in growth can still be achieved with com-
petition removal at mid-rotation (Fortson and others 1996,
Oppenheimer and others 1989).

Early successional and disturbance-dependent habitats are
in decline in the Southeast as many of the land-use changes
(urbanization, modernized farming, introduction of exotic and
monoculture communities) within these forested systems
have resulted in the loss of many early-successional habitats

(Burger 2000). With loss of early-successional and pine-
grassland habitats, many bird species dependent on these
communities are declining in the Southeast. The enroliment
of agricultural lands into the CRP in the Southeast has the
potential to provide critical early-successional habitat for
many regionally-declining grassland and shrub-successional
bird species. Despite success across the Great Plains and
Midwest, wildlife habitat value and population response of
these regionally-declining bird species to the CRP in the
Southeast have not been as positive, largely because of the
relatively short window of early-successional habitat in
planted pines and lack of mid-rotation management.

Under the 2002 Farm Bill, mid-contract management prac-
tices, including thinning, prescribed fire, disking, herbicide,
and interseeding of legumes, are permitted on CRP; and
effective February, 2004, such practices are encouraged
through the availability of cost-share (USDA 2003a, 2003b).
Quality Vegetation Management (QVM) is one such habitat
improvement technique that utilizes the selective herbicide
Arsenal® and controlled burning to improve wildlife habitat
and timber production. The application of Arsenal during the
late growing season controls most lower to midstory hardwood
encroachment with minimal long-term effects on forbs and
grasses (Hurst 1989). In a study on the effects of using Arsenal
for pine release, Hurst (1989) found that it was effective for
controlling midstory hardwoods, but important wildlife plants
such as blackberry, dewberry, greenbrier, and other various
legumes quickly recovered following initial setback. Winter
burning is beneficial for wildlife foods by stimulating prolific
sprouting from understory plants and permitting more light to
aid herbaceous growth (Chen and others 1975, Dills 1970).

QVM studies have been conducted in mature (45- to 50-years-
old) naturally-regenerated pine stands (Edwards and others
2004, Jones and others 2003) and mid-rotation commercial
pine plantations (Hood 2001, Thompson 2002, Woodall 2005)
in east-central Mississippi. In both instances, preliminary
results indicate that QVM can improve wildlife habitat quality;
however, research is lacking on the effects of QVM on wildlife
habitat and timber production in CRP pine plantations.
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METHODS

Study Area and Treatments

This study was conducted in two physiographic regions (Upper
Coastal Plain, Lower Coastal Plain) of Mississippi. There were
six study sites (blocks) in each of the two regions. They were
located in Kemper (4 sites) and Neshoba (2 sites) counties in
northern Mississippi and Lincoln (3 sites) and Covington (3
sites) counties in southern Mississippi. The 12 study sites were
chosen based on age (15- to 18-years-old), and enroliment
in a cost-share program. All sites had been thinned prior to
the start of the study. Each of the 12 study sites consists of
approximately 45 acres of privately-owned mid-rotation pine
plantation enrolled in the Conservation Reserve Program.
Pre-treatment stand conditions [mean, minimum, maximum
diameter at breast height (d.b.h., 4.5 feet), mean total height,
and volume per acre] are given in table 1. The dominant
understory species across study sites in northern Mississippi
is sweetgum (Liquidambar styraciflua L.), whereas Chinese
privet (Ligustrum sinense Lour.) is the predominant understory
species across study sites in southern Mississippi. There were
two treatments at each study site (block), a control and an
Arsenal application combined with a winter burn (QVM), which
were assigned at random to 20-acre plots within each study
site. On the QVM-treated plots, a mixture of Imazapyr, 0.5
pounds active ingredient and a surfactant in 20 gallons of
solution per acre, was applied during October to December,
2002, followed by a prescribed burn during January to March,
2008.

Timber Volume and Growth

At 11 of the 12 study sites, 9 permanent 0.05-acre sub-plots
[control (n)=108, QVM (n)=108] were established per 20-acre
treatment plot on a 3 x 3 grid with a spacing of 4 x 5 chains.
Due to space limitations at one study site, only 6 0.05-acre
sub-plots were established within each 20-acre treatment plot.
All trees [pine and merchantable hardwoods (>4.99 inches at
d.b.h.)] in each sub-plot were marked for identification pur-
poses with an aluminum tag placed at breast height. Variables
of interest [d.b.h., total height (H), and total merchantable
height (MH=height to a 3-inch top)] were recorded pre-treat-
ment (February to March 2003) and twice following application
of the QVM treatment (post-treatment) during the 2003-2004
and 2004-2005 dormant seasons. D.b.h., total height, and
total merchantable height measurements were used to calcu-
late total and merchantable cubic foot stem volume for each
stem, using the equations from Merrifield and Foil (1967).
Plot-level mean total and merchantable volumes were aver-
aged and expressed on a per acre basis. Annual growth was
calculated as the difference in plot means between years.

Table 1—Pretreatment stand conditions
(number of sites; mean, minimum, maximum
d.b.h. (inches); mean height (feet); volume per
acre (cubic feet) by treatment in mid-rotation
CRP loblolly pine plantations in Mississippi

Mean . Mean Volume/
n dbh MnMax) ot acre

Control 6 9.2 (2.0-16.6) 56 2,099
QvM 6 9.2 (1.7-22.9) 56 1,974

Avian Community Sampling

The avian community was sampled once in June, twice in July
and once in August, 2003, and once in May, and twice in both
June and July, 2004. Ten-minute standardized point counts
were conducted from the three permanently-marked sampling
stations within each treatment plot, [control (n)=36, QVM
(n)=36]. All surveys were conducted between 5:30 a.m. and
10:30 a.m. and only when Breeding Bird Survey weather
conditions were satisfied (Robbins and others 1986). All birds
seen or heard during the 10-minute point count were recorded
by appropriate time (0 to 3 minutes, 4 to 5 minutes, 6 to 10
minutes) and distance (<82 feet, 82 to 164 feet, >164 feet
flyover) combination. Point count data was used to estimate
relative abundance and species richness. Total conservation
value is an index to the habitat-specific relative conservation
value of the avian community; it is estimated by weighting
relative abundance measures by Partners in Flight species
conservation priority scores and summing across all species
that occurred in a stand, forest, or habitat type of interest
(Nuttle and others 2003).

RESULTS AND DISCUSSION

Timber Growth

Similar studies evaluating growth responses from mid-rotation
competition control (Quicke 2002, Shiver 1994) have demon-
strated that these practices can be successful in producing
significant gains in timber growth, but these gains usually begin
appearing 3 to 4 years post-treatment or later. By 2 years
post-treatment, we found no significant differences in mean
growth increments (d.b.h., P=0.15; total height, P=0.25; cubic
foot volume per stem, P=0.06), between treated and control
plots (table 2). Although not significant, mean growth incre-
ment increases on treated plots were slightly greater than on
control plots. Due to a variety of circumstances over the past
3 years, which has resulted in the loss of three stands from
the study, 2-year results are from the nine remaining stands.
As seen in similar studies (Oppenheimer and others 1989,
Pienaar and others 1983), growth response continues to
increase with time since treatment, and we expect that the
small increases in growth seen to this point will become
significant by year 4 post-treatment or later.

Avian Community Metrics

Avian community indices of interest [species richness (sprich),
total abundance (abundance), and total conservation value
(TCV)] did not differ during either year 1 [sprich 2003
(F,.,=0.41, P=0.53); abundance 2003 (F, .,=0.00, P=0.97);

1,11 1,11

TCV 2003 (F, ,,=0.07, P=0.80)] or year 2 post-treatment

1,11

[sprich 2004 (F, ;=1.40, P=0.27); abundance 2004 (F, ;=1.17,

P=0.31); TCV 2004 (F, ;=2.17, P=0.17)] (table 3). An initial
reduction in all three community indices was expected since

Table 2—Mean diameter (inches), total
height (feet), and volume (cubic feet) growth
increment on control and QVM plots 2 years
post-treatment (nine sites)

Treatment Diameter Height Volume
Control 0.79 5.68 3.2
QvM 0.85 6.04 3.4
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Table 3—Mean total abundance, mean species richness, mean conservation priority score,
and standard error by year and by treatment in mid-rotation CRP loblolly pine plantations in
Mississippi. Standard errors are in parentheses

2003 2004
Community indices Control QVM Control QVM
Mean total abundance 7.86 (0.49) 7.85 (0.49) 8.08 (0.37) 7.73 (0.37)
Mean species richness 4.95 (0.25) 4.83 (0.25) 5.88 (0.23) 5.68 (0.23)
Mean conservation priority score  144.93 (9.14)  143.04 (9.14)  150.98 (8.00) 139.86 (8.00)

the QVM treatment was anticipated to create a shift in the
breeding bird community from one dominated by forest interior
and edge species to one dominated by early successional,
pine-grassland, and shrub-successional species. During this
shift in bird communities, these three parameters will decrease
slightly until the desired suite of avian species responds to
the vegetative shift back to an early successional vegetative
community. Although by year 2 no significant increases in
any of the three avian community indices were seen, a signif-
icant increase in the relative abundance of several target
species was observed (table 4).

CONCLUSIONS

The results presented here give 2-year post-treatment
responses of timber growth and avian communities to the
QVM treatment, and, although still early for this type of study,
are promising. A similar study evaluating growth responses
from mid-rotation competition control (Pienaar and others
1983) has demonstrated that these practices can be success-
ful in producing significant gains in timber growth. Usually
these gains begin appearing 3 to 4 years post-treatment or
later and increase as time-since-treatment increases. Given
more time to monitor timber growth responses to the QVM
treatment, we expect to see similar results. Seeing significant
increases in the relative abundance of several target avian
species is encouraging. A similar study (Woodall 2005) reports
that by year 4, the total abundance, species richness, and
total conservation value were significantly higher in QVM-
treated plots than in untreated (control) plots. Ongoing moni-
toring of bird communities on these sites will substantiate
whether these patterns observed in commercial pine planta-
tions also exist on CRP plantations.

Table 4—Significant increases (0. = 0.05) in
the relative abundance of the following avian
species was observed on treated plots

Common name Scientific name

Common yellowthroat
Downy woodpecker
Eastern wood-pewee
Indigo bunting

Pine warbler

Summer tanager

Geothlypis trichas
Picoides pubescens
Contopus virens
Passerina cyanea
Dendroica pinus
Piranga rubra
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STACKING THE LOG DECK, OR SOME FALLACIES ABOUT
NATURAL PINE MANAGEMENT

Don C. Bragg, James M. Guldin, and Michael G. Shelton'

Abstract—The increasing use of intensive plantation management in the South has led to inferences that natural pine stands
are unacceptably inferior in terms of fiber production, rotation length, wood quality, and regeneration. In this paper, we have
compiled information from studies of different silvicultural practices in southern pine stands of natural origin to provide a more
meaningful comparison with plantations. Research has shown that aggressive precommercial and commercial thinning
regimes in stands of natural origin and the careful retention of high-quality residual stems dramatically closes the productivity
gap. In addition, natural-origin pine stands often provide other products and compositional, structural, and esthetic values that
exceed those of plantations. Although plantations have become an increasingly important element of silviculture, most
southern pine forests will remain in stands of natural origin and must be managed appropriately to help ensure future timber

supplies and environmental integrity.

INTRODUCTION

Since the 1960s, plantation management has become the
standard practice for most industrial timberland owners in the
Southern United States. This is especially true for loblolly
(Pinus taeda L.), slash (P, elliottii Englem.), and other
southern pines. Recently, there has been considerable effort
to maximize the productivity of pine plantations (Rogers and
Munn 2003, Rousseau and others 2005, Siry 2002). Genetic
improvement, site preparation, competition control, and
manipulation of stand density are some of the principal treat-
ments for greater growth and yield. Careful implementation of
these techniques has produced some spectacular results
(e.g., Allen and others 2005, Borders and Bailey 2001, Miller
and others 2003). However, this effort comes at a high price:
Borders and Bailey (2001) placed the cost of their most
productive experimental treatment at $600 per acre. In addi-
tion, intensive plantation management has significant envi-
ronmental and social consequences that are not traditionally
incorporated in the economic evaluation of this practice.

From an industrial perspective, pine plantations have distinct
advantages over stands of natural origin (Allen and others
2005, Siry 2002). Well-managed plantations can produce
more fiber in less time than naturally seeded pine stands and
are often more easily treated to control density and non-pine
competition. However, few outside of forest industry or invest-
ment management organizations can invest $200 to $400 (or
more) per acre for plantation establishment at the start of a
rotation, especially when pulpwood and fiber markets are
limited.

Naturally regenerated stands offer a viable alternative to
many landowners. Unfortunately, positive descriptions of
southern pine stands of natural origin are rare in the silvicul-
tural literature, and several recent papers have portrayed
these forests unfavorably. To counter this impression, we
have compiled research on the potential of well-managed
natural pine stands to provide a basis for more realistic
comparisons with pine plantations. In addition, we suggest a

different philosophy for considering whether to manage forest
stands using planted stock or natural regeneration.

METHODS

We critically reviewed statements made about aspects of
naturally regenerated pine stands. In particular, we focused
on three papers (Allen and others 2005, Stanturf and others
20083, Yin and Sedjo 2001) that made claims for the economic
advantages of plantations over stands of natural origin. These
papers suggest that natural pine stands have unacceptably
low productivity. Additionally, we discuss published reports of
South-wide studies that deal with factors such as rotation
length, wood quality, and regeneration consistency of natural
pine stands on sites of varying quality.

RESULTS AND DISCUSSION

Low Fiber Production

Yin and Sedjo (2001) compared the economic viability of
silvicultural options in the Georgia Piedmont. As their control,
they chose natural-origin stands of mixed pine and hardwoods
originally described in Shiver and Brister (1996) and Martin and
Brister (1999). Yin and Sedjo (2001) compared these stands
to pine plantations on cutover and old field sites. By age 35,
natural-origin stands were decidedly less productive than the
plantations. Yin and Sedjo (2001) reported average pine diam-
eters of 8.7 inches for the natural stands and 9.4 to 10.2
inches for the plantations. In addition, natural-origin stands
yielded only 30 to 67 percent of the sawtimber and pulpwood
produced by plantations (table 3 in Yin and Sedjo). However,
there were several critical flaws in these comparisons.

First, only the pine component of the natural stands was
included in the growth-and-yield data. Thus, yield of the
natural pine-hardwood stand was based on only 300 trees
per acre (no hardwood data were reported), whereas the
planted stands averaged slightly > 500 stems per acre. It
would have been more appropriate to compare the produc-
tivity of the plantations with that of better stocked natural pine
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stands thinned to 500 trees per acre (with competition
control) at a very young age, since the plantations had been
planted to approximately 600 trees per acre and received
periodic postestablishment herbicide applications. Further-
more, Martin and Brister (1999, p. 180) acknowledged that
shortleaf pine (P, echinata Mill.) was “treated as loblolly pine”
in their study. This was not a trivial assumption, as shortleaf
constituted an average of 5.4 percent (range: 0 to 37.6
percent) of the pines in these natural stands. Since shortleaf
pine has long been recognized as slower growing and less
productive than loblolly pine under most conditions (Mattoon
1915, Walker and Wiant 1966), its incorporation will also
negatively bias the results of Yin and Sedjo (2001).

Second, the natural-origin stands used by Yin and Sedjo
(2001) had a large component of hardwoods, which further
diminished the productivity of the pines. Martin and Brister
(1999) reported that 71 percent of their natural-origin plots
had at least 10 percent of their basal area in hardwoods, and
that hardwood basal area exceeded 40 percent or more of
the total in some plots. Yin and Sedjo (2001) did not report
on the average hardwood stocking in these natural pine
stands when they analyzed them, but presumably a signifi-
cant amount remained. Both Shiver and Brister (1996) and
Martin and Brister (1999) predicted sharp declines in pine
sawtimber volume as hardwood basal area increased (see
also Miller and others 2003). Martin and Brister (1999) fore-
cast that a stand with minimal hardwood basal area at age
25 (0.01 percent of the total) would produce approximately
3,500 cubic feet of pine sawtimber at age 35, but that a stand
with 20 percent of its basal area in hardwoods at age 25
would yield only 2,300 cubic feet of pine sawtimber 10 years
later. Given that Yin and Sedjo assumed for their economic
analysis that pine sawtimber was worth $94 per cord, and
using their conversion (95 cubic feet = 1 cord), this particular
scenario suggests that the hardwoods reduced pine
sawtimber production by 12.6 cords, or $1,184, per acre.

Stanturf and others (2003) provided another unfavorable
picture of natural stand productivity. They estimated that a
natural-origin southern pine stand initiated in the 1920s
produced 1 ton per acre per year, but did not explain how this
number was determined. According to Miscellaneous Publi-
cation 50 (U.S. Department of Agriculture Forest Service
1929), a fully stocked natural loblolly pine stand on even the
poorest site listed (Sl,, = 60 feet) is capable of producing
between 63 and 76 cubic feet (peeled) per acre per year over
the first 6 decades of the stand. Assuming 1 cubic foot of
loblolly pine weighs 53 pounds when green (Panshin and de
Zeeuw 1970), this implies an annual production of between
1.5 and 2.0 tons per acre. On a better site (Sl = 90), the
annual production of fiber for a 35-year-old stand increases
to 8.5 tons per acre. Other sources report even higher
volume production from natural-origin stands. In a thinning
study of a naturally regenerated loblolly pine-dominated
stand arising after the clearing of the virgin forest, Burton
(1980) reported periodic annual increments of 143 to 165
cubic feet per acre for these stands at age 45, or 3.8 to 4.4
tons per acre. Mean annual increments of young, thinned
pine stands on a good site in southern Arkansas ranged from
139 to 153 cubic feet (3.7 to 4.1 tons) per acre (Cain and
Shelton 2003). Even though these values still represent only
about half of the 8 tons per acre per year claimed for the “fifth
forest” of Stanturf and others (2003), they are much higher
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than the estimate of 1 ton per acre per year for natural
stands.

Allen and others (2005) emphasized the productive capacity
of intensively managed young (8- to 26-year-old) southern
pine plantations, assigning them a potential of 12 to 15 tons
per acre per year, compared to 1.8 to 2.8 tons per acre per
year for natural stands of similar age. Once again, this under-
states the currently known productivity of well-managed
stands of natural origin.

In terms of sheer merchantable volume, there is little doubt
that naturally regenerated stands are less productive than
plantations. If a forest landowner is determined to quickly
maximize fiber yield, and capital is available to cover estab-
lishment costs in the first decade, plantations represent a
good investment decision. However, if landowners have
limited resources or no desire to invest in expensive stand
re-establishment based on an intensive plantation model,
many productive low-cost natural silvicultural alternatives are
available to them (e.g., Baker and others 1996, Cain and
Shelton 2001).

Rotation Length

Shorter rotations are one of the primary benefits of plantation
management. In part, this is an argument of utilization, since
comparing the rotation length of pulpwood or chips vs. large
sawtimber is an unreasonable contrast. Assuming the same
product goals, plantations generally have an advantage over
stands of natural origin because of the degree of stocking
control permitted by planting. In other words, it is much
easier for an individual tree to quickly reach sawtimber size if
stand density is 600 trees per acre at establishment, rather
than allowing 10,000 or more stems to self-thin.

Avoiding this extended period of intense competition in
natural stands would allow the young crop trees to more
rapidly reach merchantable size. Cain (1996) and Cain and
Shelton (2003) provided an example of the value of well-
timed early thinnings of natural-origin pine stands. In this
study on a good site in southern Arkansas, different thinning
and competition control techniques were applied to regulate
the density of naturally regenerated loblolly and shortleaf
pine. Stands were precommercially thinned when 6 years old
by mowing swaths to reduce initial densities, and some
stands also received later commercial thinnings and
prescribed burns. By the time they reached 20 years of age,
the most intensively treated stands (precommercial thinning
+ commercial thinning + prescribed burning) produced pines
that averaged 8.9 inches diameter at breast height (d.b.h.),
compared to 7.4 inches for the unmanaged control. Most of
these crop trees had reached minimum sawtimber size (9.6
inches d.b.h.) by age 25 (Cain and Shelton 2003) and would
probably average at least 14 inches d.b.h. by age 35. This
growth performance is only somewhat lower than that for
well-managed plantations from the area (e.g., Wiley and
Zeide 1992).

Wood Quality Issues

It is unlikely that future southern pine wood quality will ever
approach that of the virgin forest, regardless of how much
tree improvement can be done. Logs cut from old-growth are
typically slow-grown, low in taper, and knot-free for many
decades, whereas most contemporary well-managed forests



are maintained to maximize production and are cut at rela-
tively young ages (Davis 1931, Guldin and Fitzpatrick 1991).
These factors combine to produce small-diameter logs with a
high proportion of juvenile wood and abundant knots, both of
which result in wood with less favorable mechanical proper-
ties and decreased lumber value (Bendtsen 1978, Patterson
and others 2000). Note that low-density stands of any origin
can quickly produce knot-free wood with a considerable
investment in pruning.

Product-based economic analysis has repeatedly shown that
natural, uneven-aged stands of loblolly and shortleaf pine
produce higher quality logs. For instance, Groom and others
(2002) reported that the percentage of premium veneer was
greater in naturally regenerated stands than in plantations. In
a comparison of log quality in southern Arkansas, Guldin and
Fitzpatrick (1991) reported significantly better log quality
from natural uneven-aged stands than from plantations,
primarily because logs of a given size in natural stands were
older, had grown in denser stands when young, and thus had
fewer knots. There is value in log quality related to ring count
(witness the supplement in value given to dense grades of
lumber by the Southern Pine Inspection Bureau), a property
sacrificed when the rapidity of growth drives stand manage-
ment.

Regeneration Consistency

Since the time Gifford Pinchot first worked the mountains of
North Carolina, foresters have been concerned about regen-
erating stands by natural methods, since relying on natural
pine regeneration holds certain risks. Plantation culture has
reduced the uncertainty associated with stand replacement
but has by no means eliminated it. The challenges associ-
ated with natural propagation can be minimized by under-
standing the factors (and their interactions) affecting
regeneration processes and applying appropriate silvicultural
practices. For example, seed production and seedbed condi-
tions affect the initial establishment of regeneration, while
competition from retained trees and understory vegetation
impact subsequent development by influencing the avail-
ability of light, water, and nutrients.

Much has been published about the art and science of
regenerating natural pine stands (e.g., see Shelton and Cain
2000). Indications are that seed production—the factor under
the least amount of silvicultural control—is adequate for
successful natural regeneration within most of the core
ranges of the southern pines, especially for loblolly-shortleaf
pine stands in the west gulf region. The other major factors
affecting natural regeneration—seedbed condition, light
regime, and competing non-pine vegetation—are more
responsive to manipulation. In addition, procedures exist to
forecast the adequacy of upcoming seed crops so that an
adequate seedfall can be timed to coincide with a receptive
seedbed and low levels of competing vegetation (Shelton
and Wittwer 2004). Regrettably, there is little Southwide
quantitative information about the success of natural pine
regeneration when the proper silvicultural procedures have
been applied. However, one basic tenet is apparent:
Successful natural pine regeneration requires more skill and
patience than plantation culture.

The use of improved planting stock provides a degree of
control over heritable tree properties. Natural populations of

pine can have a wide range of genetic characteristics, some
of which are favorable and others that are not. For instance,
loblolly pine attributes such as specific gravity, the transition
between juvenile and mature wood production, and fusiform
resistance are at least partially a function of genetics and
thus may be “improved” upon (Choong and others 1986, Loo
and others 1984, Skoller and others 1983). However, the
advantage of controlling genetics to improve pine growth or
disease resistance may come at the expense of lower
genetic diversity and increased vulnerability to other
damaging agents (Schultz 1997).

Other Benefits of Natural Stands

Because stands of natural origin require less intensive effort
(and therefore lower expenditures) to establish and maintain,
the economic viability of managing for larger logs is less
burdensome to the landowner. It is therefore possible to grow
bigger trees at a slower rate, producing higher quality
sawtimber and veneer that can bring extra revenues.
Premium prices for prime logs can significantly impact which
management actions are best for a given stand, although
finding buyers willing to reward pine log quality is becoming
increasingly difficult (Huang and Kronrad 2004).

Well-managed natural-origin stands have other noncommaodity
benefits not supplied by the pine plantations that often replace
them. Almost by definition, natural-origin pine stands have
more genetic diversity, greater overstory richness, and more
structural complexity than plantations. Rarely are intensively
managed southern pine plantations allowed to grow beyond
35 to 40 years old (some are cut at less than half this age),
making them poor habitat substitutes for mature natural-
origin forests and the species dependent upon them. As an
example, young loblolly pine plantations are inadequate
nesting habitat for the red-cockaded woodpecker (RCW)
(Picoides borealis Vieillot), but at least two active RCW colo-
nies can be found in the Good Forty Demonstration Area of
the Crossett Experimental Forest, managed using single-tree
selection for the past 70 years. In addition, even-aged natural-
origin pine stands are often allowed to reach older ages and
larger sizes, which have greater esthetic appeal to many
people than young, tightly spaced plantations (Hull and
Buhyoff 1986, Rudis and others 1988).

Furthermore, when considering the total land base, debates
about which method is best from the rather narrow perspec-
tive of growth, yield, and financial return are myopic. For
example, are there any circumstances for which a forest
industry landowner who devoutly practices plantation silvicul-
ture would, or should, consider the use of natural regenera-
tion? Clearly there are, and those opportunities lie in the
large percentage of commercial timberlands found in stream-
side management zones, roadside buffers, or other locations
in which special considerations apply (see also Rousseau
and others 2005). When examined carefully, one finds that
these areas are often the most productive sites in forested
landscapes. And yet, the prevailing harvest strategy is often
just high-grading. A better tactic would be to practice natural
stand management in sensitive portions of an ownership.

One of the best arguments for intensifying plantation manage-
ment is that the same volume of wood fiber can be produced
on fewer acres, thereby allowing larger areas of natural
forests to be retained in a less intensively managed state

39



(Allen and others 2005, Rousseau and others 2005). This is
a logical argument for capturing the full potential of a given
piece of ground through a well-regulated treatment regime.
However, from a broader perspective, this assertion is only
true if the regional volume production is fixed and the rest of
the land base is allowed to adjust accordingly. In other words,
if all landowners (or even just a large portion of them) convert
their holdings to intensive plantations, and no areas revert to
lesser management, then the preservative benefits of inten-
sive plantations for forests of natural origin will not be realized.

CONCLUSIONS

Several recent publications have compared growth and yield
from unmanaged even-aged loblolly pine stands with that from
more intensively managed plantations. Not surprisingly, these
natural stands (often regarded as a “control”) produce notice-
ably less fiber and sawtimber-sized material at an older age
than the better regulated plantations, and this negatively
affects economic evaluations. Natural stand management
rarely applies the entire suite of silvicultural treatments used
on intensively managed pine plantations, and therefore fiber
yields will never match those from plantations. However, more
aggressive precommercial and commercial thinning regimes,
the careful retention of high-quality residual stems, fertiliza-
tion, and other interventions have the potential to noticeably
improve natural stand growth and yield performance (Cain
1999, Ruark and others 1991).

Arguments over which silvicultural system (natural vs. planta-
tion) is most appropriate need to be based on legitimate
comparisons of well-managed systems and not on neglected
natural stands vs. intensively cultured plantations. With the
acreage of southern pine plantations predicted to increase
33 to 100 percent over the next few decades and significant
decreases expected for natural pine forests (Prestemon and
Abt 2002, South and Buckner 2003), decisions to convert
from one silvicultural system to another based even partially
on productivity must avoid biased evaluations if southern
pine-dominated forestlands are to maintain their full range of
economic, ecologic, and social values.

Both Siry (2002) and Rousseau and others (2005) note that
many aspects of intensive management are harder to imple-
ment and more expensive on smaller parcels of land, and that
increasing landscape fragmentation in the South has contrib-
uted to the reduction of management options. The multitudes
of small tracts held by many owners with highly variable
resource goals provide a myriad of opportunities for natural
stand management. Finally, we are concerned that philosoph-
ical approaches to forestry that claim the superiority of plan-
tations over natural stands may discourage foresters from
considering silvicultural and ownership situations, even in an
intensively managed land base, for which natural stand man-
agement is better than the current practice.
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GROWTH FOLLOWING PRUNING OF YOUNG LOBLOLLY PINE TREES:
SOME EARLY RESULTS

Ralph L. Amateis and Harold E. Burkhart'

Abstract—In the spring of 2000, a designed experiment was established to study the effects of pruning on juvenile loblolly
pine (Pinus taeda L.) tree growth and the subsequent formation of mature wood. Trees were planted at a 3 m x 3 m square
spacing in plots of 6 rows with 6 trees per row, with the inner 16 trees constituting the measurement plot. Among the treat-
ments were an unpruned control and a treatment where half the live crown was removed at age 3 (live crown length was
reduced by half). Measurements at the time of treatment and 1 year after treatment for each tree included d.b.h., total height,
height to base of live crown, crown width within the row, and crown width between the rows. In addition, 1 and 2 years after
treatment at ages 4 and 5, upper stem diameters at two positions in the crown were measured. Results are presented that
show the initial impact of early pruning on tree growth. Additional measurements gathered over the life of the study, including
wood samples, will provide a more complete understanding of the effects of pruning young loblolly pine trees.

INTRODUCTION

Pruning affects wood quality of trees harvested from loblolly
pine plantations (Gibson and others 2002). Pruning future crop
trees during stand development removes limbs (both living
and dead) that produce knots in wood products merchan-
dized from harvested logs. Removing live branches may also
affect the onset of the production of mature wood and thus
change the density and strength properties of wood obtained
from pruned trees.

Pruning live limbs also affects tree growth and stand develop-
ment. Valenti and Cao (1986) showed that pruning reduced
stem taper resulting in more cylindrical trees with more volume
per tree. Burton (1981), as well as others such as Labyak and
Schumacher (1954) and Marts (1949), showed that pruning
vigorous, live limbs causes a real and significant effect on
stem form and subsequent diameter growth, at least for a
period of time following pruning.

Past studies on the impact of pruning on tree form, growth, and
wood quality characteristics have been conducted in stands
without intensive silviculture. Today’s plantations are being
intensively managed using cultural practices that produce
very rapid growth rates, thus allowing pruning treatments to
be applied earlier in the rotation when trees are growing most
rapidly. It is unclear what impact pruning will have on these
intensively managed stands and how they will grow and
develop following treatments.

In order to examine the impact of pruning on loblolly pine trees
growing in intensively managed plantations, a pruning study
was established with three overall objectives: to examine the
effect of early pruning on (1) tree growth and stand develop-
ment, (2) stem form and taper, and, (3) wood specific gravity.
Objective (3) will be met at the close of the study when trees
can be destructively sampled. In this paper, however, we
present some early results that relate to objectives (1) and (2).

DATA
In the spring of 2000, two study sites in the Piedmont of
Virginia (Appomattox and Patrick Counties) were identified

as being suitable for establishment of the study. Both sites
were cutover areas, one of which was burned following
harvest. At each site, four replications containing five future
treatment plots were laid out and planted using genetically
improved 1-0 loblolly pine seedlings. The five future treat-
ments included (1) control (unpruned), (2) removing half the
live crown at age 3, (3) removing half the live crown at age 6,
(4) removing half the live crown at age 9, and (5) removing
half the live crown at ages 3, 6, and 9. Square treatment
plots (6 rows with 6 trees per row) were established; the inte-
rior 16 trees were measurement trees.

Herbicides were applied during the first 2 years after planting
to control competing vegetation. Twenty pounds per acre of
elemental phosphorous and 200 pounds per acre of elemental
nitrogen were applied at age 3 to all plots. Annual measure-
ments from age 2 included d.b.h., height to live crown, total
height, and two measures of crown width. The age 3 treatment
was applied to one randomly selected plot in each replication.
At ages 4 and 5, in addition to d.b.h., height and crown mea-
surements, two measures of upper stem diameter (one-third
and two-thirds of the distance from d.b.h. to the top of the
tree) were collected. Table 1 presents summary statistics at
time of treatment (age 3).

ANALYSES
A model was specified to examine five tree characteristics
prior to treatment (age 3) using analysis of variance techniques:

C=b, +b,Loc, +b,Rep, + b.T, +E, (1)

where

C = the characteristic of interest (d.b.h., total height, height to
live crown, average crown width, or height to d.b.h. ratio),

Loc = the location effect (Appomattox or Patrick County, VA),
Rep = the Replication effect,

T = the treatment effect (pruned or control) and

E = the error term.
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Table 1—Before and after pruning statistics at time of pruning for the age three
pruning plot treatment and the control plot

Mean Std. dev. Minimum Maximum

-------------- control - - ------------
Dbh (cm) 1.85 0.83 0.51 4.06
Height to live crown (m) 0.19 0.08 0.10 0.40
Total height (m) 1.74 0.48 0.30 2.70
Crown width (m)? 1.19 0.36 0.10 2.25

-------------- pruned--------------
Dbh (cm) 1.75 0.70 0.51 3.56
Height to live crown before pruning (m) 0.19 0.08 0.10 0.40
Height to live crown after pruning (m) 1.09 0.08 0.20 1.90
Total height (m) 1.83 0.46 0.30 2.80
Crown width before pruning (m)? 1.23 0.34 0.20 2.00
Crown width after pruning (m)? 0.73 0.27 0.10 1.35

4Average of within and between row crown widths.

Results from applying Model (1) to the pre-treatment data
indicated that only the location and, in some cases, the repli-
cation effect were significant (¢=0.05). That is, immediately
prior to treatment, there were no significant differences in
tree characteristics between the pruned and the control treat-
ment plots.

To examine the effect of the pruning treatments at ages 4
and 5 (1 and 2 years after treatment), Model (1) was again
employed. In this case, the characteristics examined were
periodic annual growth (PAI) of d.b.h., total height, and
average crown width. In addition, two form quotients, defined
as the ratio of upper stem diameter (at 0.33 and 0.66 percent
of the distance from breast height to tip) to d.b.h., and the
height over diameter ratio were examined:

FQ,, = D,/dbh; FQ,, = D, /dbh; HD = H/dbh

where FQ_, and FQ,, are the specified form quotients, D,
and D, are the upper stem diameters just described, and H
is total height.

D.b.h., total height, and mean crown width PAI from age 3 to
age 4 were significantly different between treatments (table 2).
From age 4 to age 5, only d.b.h. and total height PAIl were
significantly different. Neither of the form quotients was signif-
icantly different at year 4, and only FQ,, was significantly
different at year 5. HD was not significantly different between
treatments at either age 4 or age 5.

DISCUSSION AND CONCLUSIONS

In the pruned plots, removal of 50 percent of the live crown
length appeared to reduce crown mass, or volume, by consi-
derably more than 50 percent (perhaps on the order of 60 to
70 percent), leaving many of the trees with only 1 whorl of
live branches with which to begin the next growing season.
This severe reduction in photosynthetic capacity resulted in a
significant reduction of d.b.h. and total height PAI for the 2
years following treatment. The difference between the control
and pruned treatments was, however, less significant the
second year after treatment than it was the first year after
treatment. This suggests that the pruned trees are recovering
rapidly from the effects of the treatment.

Table 2—Periodic annual increment (standard

deviation in parentheses) for d.b.h., total height,

and mean crown width; mean form quotient at
one-third (FQ,,) and two-thirds (FQ,,) distance
from breast height to tip and the height over
d.b.h. ratio for the control and pruned plot (P
value for F-test between treatment means)

Control Pruned P value
---------- dbh.(cm)----------

Year 4 2.80(0.59) 2.29(0.68) < 0.0001
Year 5 2.52(0.64) 2.37(0.57) 0.0482
-------- total height (m) - -------

Year 4 1.22(0.38) 1.04(0.41) < 0.0001
Year 5 1.22(0.28) 1.13(0.31) 0.0070
------ mean crown width (m) - - - - - -

Year 4 1.53(0.39) 1.27(0.37) < 0.0001
Year 5 2.11(0.47) 1.87(0.39) 0.6007
------------ FQu------------

Year 4 0.68(0.13) 0.69(0.11) 0.6944
Year 5 0.65(0.09) 0.68(0.11) 0.0150
------------ FQ------------

Year 4 0.42(0.13) 0.40(0.10) 0.1925
Year 5 0.36(0.07) 0.36(0.09) 0.8485
------ height over d.b.h. ratio - - - - - -

Year 4 0.31(0.09) 0.32(0.08) 0.5921
Year 5 0.27(0.07) 0.27(0.05) 0.9735
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The difference in mean crown width PAI was also highly
significant for the first growing season after treatment. During
the second growing season, however, there was no difference
in mean crown width expansion between the pruned and
control treatments. This suggests that young trees initially
respond to pruning by rebuilding crown before allocating
resources to height and diameter growth.

The effect of the pruning treatment on stem form and taper
appears to be negligible for these young trees. Both measures
of stem form were taken well within the live crown at these
early ages, and while FQ,, was significantly different at age 5
(2 years following treatment), no discernable trends in stem
form could be discerned. No significant difference between
treatments for the height to d.b.h. ratio supported this finding.
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THE EFFECTS OF SOWER AND BED DENSITY ON BAREROOT LOBLOLLY
PINE SEEDLING MORPHOLOGY AND EARLY HEIGHT GROWTH

Hans M. Williams and Tim Stewart'

Abstract—Precision sowing is commonly used at forest tree nurseries in order to improve the growing space uniformity of
seedlings in the beds. Temple-Inland Forest Products Corporation recently purchased a vacuum sower and requested a
study be conducted comparing their new sower with a drill sower on the morphological characteristics of loblolly pine (Pinus
taeda L.) at lifting. The study was conducted in 2000 and repeated in 2001. The seed were sown using the two sower types
to achieve four densities of 161, 215, 269, and 323 seedlings/m?. Two half-sibling families were tested in 2000, and one half-
sibling family was tested in 2001. For both studies, the experimental design was a randomized complete block with four repli-
cations. Cultural practices used to grow the seedlings were typical for the nursery. The seedlings were hand-lifted mid-winter
for measurements of stem height, root-collar diameter, and oven-dry biomass. For the 2001 study, seedlings were hand-
planted 1 week after lifting in a clearcut near Etoile, TX. The mean morphology of the seedlings was similar when comparing
the two sowers. When averaged for all densities, more seedlings with small root-collar diameters (< 3 mm) were sampled in
the 2000 study from the drill sower plots than from the vacuum sower plots. For the 2001 study, slightly more seedlings with
small diameters were sampled from the vacuum sower plots. At typical operational densities of 215 and 269 seedlings/m?,
the use of the vacuum sower resulted in more seedlings at lifting, fewer small-diameter seedlings, and more large-diameter
seedlings (= 5 mm). As seedbed density was reduced, mean seedling root-collar diameter and oven-dry biomass increased.
Seedlings grown in the nursery at 161 seedlings/m? were taller after the first and second growing season following planting.

INTRODUCTION

Numerous studies have been conducted investigating the
effects of bareroot southern pine seedling grade on field per-
formance. South (2000) provides a review of many of these
studies. In most cases, the authors report planting larger-
diameter seedlings can result in better height and diameter
growth. Precision sowing is just one nursery culture practice
that should increase the proportion of seedlings at lifting with
larger root-collar diameters. Precision sowing results in uniform
seed placement giving each developing seedling an equal
amount of growing space. Drill sowers cannot achieve the same
level of uniform seed placement as precision sowers (Boyer
and others 1985, May 1985). However, complaints regarding
the use of precision sowers include a slower operating speed
and more time spent on maintenance when compared to drill
sowers. Temple-Inland Forest Products Corporation purchased
a vacuum precision sower in 2000. This provided an opportu-
nity to compare the vacuum sower with a drill sower at differ-
ent seedling densities on morphology at lifting, field survival,
and growth of loblolly pine (Pinus taeda L.).

METHODS

For the 2000 study, two one-half sibling families of loblolly pine
(Family LSG-008 and Family S4PT6-98M) were sown on
May 5, 2000, in seed beds prepared at the Temple-Inland
Clyde-Thompson Nursery, Jasper, TX. The seeds were sown
using a drill sower or a vacuum sower to achieve four seed-
ling densities of 161, 215, 269, and 323/m?2. The study was
conducted as a randomized complete block, 2 x 2 x 4 facto-
rial experiment with four replications. Four beds in the middle
of a section were used in the study with each bed being a
replication of all family, sower and density combinations. The
beds were in their second year of seedling production. The
beds were covered in bark mulch following sowing. Cultural
practices such as mineral nutrition, irrigation, weed control,

and undercutting applied to the seedlings were typical for the
nursery during the 2000 growing season. In February, 2001,
about 4 lineal-bed-feet of seedlings were hand-lifted from
each plot. The interior six drills of seedlings were sampled.
The two outside drills were not sampled. The seedling roots
were dipped in water, and then the seedlings were placed in
kraft storage bags, sealed, and transported to a cold storage
room at the Arthur Temple College of Forestry and Agriculture
Building, Stephen F. Austin State University (SFASU). Fifty
seedlings were randomly sampled from each bag for morph-
ology measurements. These measurements included height,
root-collar diameter, number of first-order lateral roots, and
root and shoot oven-dry weights. Statistical analysis was
conducted and differences in morphology between families,
sowers, and densities are discussed at the o = 0.05 proba-
bility level.

The 2001 study was conducted in a manner similar to the 2000
study. The factors tested were the same sower types and
densities. Only one loblolly pine family was tested (LSG-008-
98M). The seeds were sown on April 11, 2001. The study
was conducted as a randomized complete block, 2 x 4 facto-
rial experiment with four replications. Four beds in the middle
of a section were used with each bed serving as a replication
of all sower and seedling density combinations. The beds were
in their first year of seedling production following a cover crop.
Nursery cultural practices applied to the seedlings were typical
for the 2001 growing season. Seedlings were hand-lifted from
each plot in early January, 2002, roots dipped in water, seed-
lings placed in kraft bags, transported to SFASU, and placed
into cold storage. Within a week following lifting, 20 seedlings
were randomly selected from each kraft bag, placed in a
plastic bag, and transported to a field site for planting. Fifty
seedlings from each kraft bag were randomly sampled for
morphology measurements.
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The field planting for the 2001 study was conducted at a loca-
tion near Etoile, Nacogdoches County, TX. The soil at the site
is a Woodtell very fine sandy loam (fine, montmorillonitic,
thermic Vertic Hapludalfs). Site preparation following harvest
included chopping and burning. A mixture of imazaypr, triclopyr,
and glyphosate was applied in fall, 2001. The seedlings were
hand-planted using planting bars in January, 2002. Twenty-
seedling row plots were established with each row in a repli-
cation representing a sower and density combination. An
herbaceous weed control application of hexazinone and sulfo-
meturon methyl was applied in spring, 2002. Height measure-
ments were taken at the end of each growing season for 3
years after planting. Survival exceeded 90 percent for all treat-
ment combinations, so no statistical analysis was performed
on survival data. Statistical analysis was conducted and differ-
ences between sowers and among densities for seedling
morphology and height growth in the field are discussed at
the oo = 0.05 probability level. Since for both studies the inter-
actions between the sower and density treatments were not
statistically significant, the interaction means will not be
presented.

RESULTS AND DISCUSSION

In August, 2000, and July, 2001, seedling counts were con-
ducted in each plot in order to observe if the actual seedling
densities were similar to the desired target densities (table 1).
In the 2000 study, the vacuum sower plots averaged between
22 and 33 seedlings/m? more than desired in the lower density
plots but averaged at the target densities in the higher density
plots. In the drill sower plots, the target densities were achieved
at the lower densities but averaged about 22 seedlings/m?

lower than desired in the higher density plots. In the 2001
study, seedling densities in the higher density plots for both
sowers averaged about 32 to 54 seedlings /m? less than the
desired target density. When comparing sowers, the seedling
densities in the vacuum sower plots were consistently about
22 seedlings/m? higher, regardless of the target density, for
each study. A potential advantage of vacuum, or precision,
sowing is an improvement in seed efficiency. South (1987)
defines the seed efficiency value as the quotient of the number
of plantable seedlings produced divided by the number of
pure live seed sown. The additional 22 seedlings/m? for the
vacuum sower would indicate greater seed efficiency when
compared to the drill sower but only if the additional seed-
lings are plantable.

A plantable seedling has a root-collar diameter > 3 mm.
Seedlings with root collar diameters < 3 mm are considered
unacceptable, or cull, and should not be planted. The use of
vacuum or precision sowers increased in the 1980s because
of the desire for more uniform growing space for each seed-
ling developing in a nursery bed (Barnett 1989). This results
in a more uniform seedling crop with a lower number of culls.
Boyer and others (1985) reported that a vacuum sower pro-
vided more precise seed placement and lower cull percentage
when compared to a drill sower. When comparing sowers, the
mean morphological characteristics of seedlings sampled in
both studies were similar (tables 2 and 3). However, when
grouped into 1 mm diameter classes, a greater number of
seedlings with small root-collar diameters (< 3 mm) were
sampled in the plots sown with the drill sower in 2000 (fig. 1).
When averaged across all densities, about 11 percent of

the seedlings sampled from the drill sower plots had small

Table 1—Mean loblolly pine seedling density for the sower/seedbed
density studies conducted at the Clyde Thompson Nursery, Temple-
Inland Forest Products Corporation, Jasper, TX (N = 8)

Number of seedlings

Sower Target density Actual density >3 mm RCD
____________________ . ¢
2000 study?
Vacuum 161 194 185
Drill 161 172 158
Vacuum 215 237 217
Drill 215 215 190
Vacuum 269 269 260
Drill 269 247 213
Vacuum 323 323 281
Drill 323 301 270
2001 study®
Vacuum 161 172 168
Drill 161 151 150
Vacuum 215 215 208
Drill 215 194 176
Vacuum 269 237 223
Drill 269 226 208
Vacuum 323 290 241
Drill 323 269 258

22000 study: families LSG-008-98M and S4PT6-98M.

52001 study: family LSG-008-98M.
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Table 2—Mean morphology of 1-0 bareroot loblolly pine seedling for the 2000
sower-density study conducted at the Temple-Inland Clyde Thompson Nursery.
Fifty seedlings were sampled from each replication, sower, family, and density
combination: 3,200 seedlings sampled. Interactions between sower, family, and

density were not statistically significant

Root

First-order oven-dry Shoot oven-
Treatment Height Diameter lateral roots . dry weight
weight
cm mm no. = --------- g---------
Sower
Vacuum 23 5.20 10 1.39 3.98
Drill 22 5.02 10 1.38 3.68
(P>F) 0.5273 0.1287 0.1676 0.8188 0.1577
Family
LSG-008 24 5.02 10 1.31 3.81
S4PT6 21 5.61 10 1.46 3.83
(P>F) 0.0028 0.0296 0.8178 0.0206 0.9423
Density (m?)
161 22 5.48 11 1.72 4.28
215 23 5.18 10 1.37 4.01
269 22 4.97 10 1.30 3.50
323 24 4.82 9 1.14 3.50
(P>F) 0.5196 0.0010 0.0026 <0.0001 0.0298

Table 3—Mean morphology of 1-0 bareroot loblolly pine seedlings from the 2001 sower/
density study conducted at the Temple-Inland Clyde Thompson Nursery. Fifty seedlings
were sampled from each replication, sower, and density combination: 1,600 seedlings
sampled. Temple Family = LSG-008. Interactions between sower and density were not

statistically significant

First-order Root oven- Stem oven- Needle oven-
Treatment Height Diameter lateral roots dry weight dry weight dry weight
cm mm  no. o meeee--------- G-
Sower
Vacuum 29.3 4.51 10.0 0.76 1.47 212
Drill 29.9 4.59 10.6 0.83 1.58 2.25
(P>F) 0.1483 0.2862 0.1183 0.1832 0.0251 0.1548
Density (m?)
161 29.8 4.92 11.6 0.96 1.77 2.62
215 29.4 4.55 10.2 0.76 1.50 2.15
269 29.8 4.50 9.6 0.82 1.51 2.14
323 29.4 4.24 9.8 0.64 1.33 1.83
(P>F) 0.5665 < 0.0001 0.1642 0.0003 0.0001 < 0.0001

diameters compared to 7 percent for the vacuum sower plots.
However, the overall number of seedlings with small diameters
in the vacuum sower plots was slightly higher for the 2001
study. The drill sower plots had more seedlings with small
diameters in the 2000 study at densities of 161 (8 versus

5 percent), 215 (12 versus 8 percent), and 269 (14 versus

3 percent) seedlings/m?, and a lower number of seedlings at
323 seedlings/m? (10 versus 13 percent). In the 2001 study,
the number of seedlings with small diameters was lower for
the vacuum sower at 215 (3 versus 10 percent) and 269

(6 versus 8 percent) seedlings/m?, but higher at densities of
161 (2 versus 0.5 percent) and 323 (17 versus 4 percent)
seedlings/m?. The much greater number of seedlings sampled
with small root-collar diameters at the highest density may
explain the overall higher number of seedlings with small
diameters sampled from the vacuum sower plots in the 2001
study. Because more seedlings/m? were counted in the vacuum
sower plots at each density, the actual number of seedlings/m?
with root-collar diameters > 3 mm was higher for the vacuum
sower plots, except for the highest density of the 2001 study
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Number of seedlings

Number of seedlings

(A) 2001 sower-density study (table 1). While seedlings with root-collar diameters of 3 mm

400 are plantable, cultural practices that can increase the number
350 | O Drill sower of seedlings with larger root-collar diameters would be desir-
W Vacuum sower able. After reviewing several studies, South (2000) reported
300 that for each 1 mm increase in seedling root-collar diameter,
250 7 the average gain in volume after 15 to 20 years may be 13
200 m?ha. Plot volumes after 4 years were greater when loblolly
150 - pine seedlings 8.5 mm in root-collar diameter were planted
100 compared to plots planted with seedling having a diameter of
50 4r.7 5 mm (South and others 2001).
0 ‘ ‘ Morphologically improved bareroot loblolly pine seedlings
2 3 4 5 6 7 . . ",
. are defined by South (2000) as being grown at low densities
Root-collar diameter (mm) (< 215 seedlings/m?) with at least half the seedling popula-
tion having a root-collar diameter > 5 mm and none < 3 mm.
When averaged across all the densities, more than half the
(B) 2000 sower-density study seedlings sampled in each study were > 5 mm in diameter
600 (large-diameter seedlings). Seventy-one percent of seedlings
O Drill sower sampled for the 2000 study from the vacuum sower plots
5007 vacuum sower were > 5 mm at the root collar compared to 62 percent of the
400 seedlings sampled from the drill sower plots. A greater number
of large-diameter seedlings were observed from the vacuum
300 sower plots at 161, 215, and 269 seedlings/m?. At the highest
200 density, the amount of large-diameter seedlings observed was
equal. Overall, slightly fewer seedlings with > 5 mm diameters
100+ were found in the vacuum sower plots for the 2001 study. At
04— o i 215 and 269 seedlings/m?, a greater number of larger-diam-
1 2 3 4 5 6 7 8 9 10 eter seedlings were observed from the vacuum sower plots.
Root-collar diameter (mm) However, more large-diameter seedlings were observed from

the drill sower plots at the lowest and highest density.

Figure 1—Averaged across all seedling densities, the loblolly pine
seedling distribution by root-collar diameter for the 2001 (A) and As seedling densities were reduced in the beds, the mean
2000 (B) sower density studies conducted at the Temple-Inland root-collar diameter and oven-dry weights of the lifted seed-

Clyde-Thompson Nursery, Jasper, TX.
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lings increased (tables 2 and 3). For the 2001 study, seedlings
grown in the nursery at 161 seedlings/m? were significantly
taller 2 years after planting than the seedlings grown at the
higher densities (table 4). Rowan (1986) reported that loblolly
pine seedlings grown at 108 or 161 seedlings/m? were signif-
icantly taller up to 5 years after planting when compared to
seedlings grown in the nursery at higher densities.

Table 4—Mean field height of loblolly pine from the 2001 sower/density

study conducted at the Temple-Inland Clyde Thompson Nursery. Twenty
1-0 bareroot seedlings were planted in rows for each replication, sower,
and density combination: 640 seedlings planted, Temple Family = LSG-

008. Seedlings planted near Etoile, TX. Interactions between sower and

density were not statistically significant

Treatment Initial First-year Second-year Third-year

Sower
Vacuum 17 45 113 241
Drill 18 46 117 244
(P>F) 0.5669 0.7670 0.3501 0.6809
Density (m?)
161 19 50 126 252
215 18 45 111 236
269 17 42 111 244
323 16 45 112 238
(P>F) 0.3404 0.0125 0.0207 0.3157




SUMMARY

For densities of 215 and 269 seedlings/m?, using the vacuum
sower appears to improve seed efficiency when considering
the combined results of the production of more seedlings, a
fewer number of small-diameter seedlings, and a greater num-
ber of large-diameter seedlings. Only at the highest density
did the drill sower appear to outperform the vacuum sower
with regards to the proportion of small-diameter and large-
diameter seedlings. Seedlings grown at 161 seedlings/m? in
the nursery were statistically taller 2 years after planting and
continued to be taller after 3 years.
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LOBLOLLY PINE SEEDLING RESPONSE TO COMPETITION FROM
EXOTIC VS. NATIVE PLANTS

Pedram Daneshgar, Shibu Jose, Craig Ramsey, and Robin Collins’

Abstract—A field study was conducted in Santa Rosa County, FL to test the hypothesis that an exotic understory would exert
a higher degree of competition on tree seedling establishment and growth than native vegetation. The study site was a 60 ha
cutover area infested with the invasive exotic cogongrass [Imperata cylindrica (L.) Raeusch.]. A completely randomized design
was set up with five replications of three treatments: (1) control- plots that were kept weed free, (2) plots with only native vegeta-
tion, and (3) cogongrass infestation. On March 6, 2003, 1-year-old bare-root loblolly pine seedlings were planted at 1.8 x 1.1 m
spacing, and initial root collar diameter (RCD) and height were measured. The seedlings were harvested in December, and
final RCD, height and above- and below-ground biomass were measured. Seedlings had the lowest biomass growth in the
cogongrass treatment and the highest in the control. The results of the study demonstrate that the exotic cogongrass is far

more competitive than native vegetation.

INTRODUCTION

Several studies have examined the impact of weeds on the
growth and survival of pines all around the world. Radiata pine
(Pinus radiata D. Don) in New Zealand grew more rapidly with
the removal of Italian ryegrass (Lolium multiflorum Lam.),
white clover (Trifolium repens L.), and sorrel (Rumex aceto-
sella L.) (Mason and Kirongo 1999). Exclusion of bunchgrass
[Agropyron spicatum (Pursh) Scribn. & J.G. Sm.] roots from
0.15-m and 0.30-m deep root zones of ponderosa pine seed-
lings resulted in 40 and 80 percent reductions in mortality,
respectively (Kolb and Robberecht 1996). Martin and Jokela
(2004) found control of competing vegetation resulted in
dramatic increases in almost every measure of productivity
investigated of loblolly pine in north-central Florida, including
height, basal area, stemwood biomass accumulation, foliar
nitrogen concentration, and leaf area index. Zutter and others
(1999) demonstrated that decreases in woody and heraba-
ceous competitors resulted in increases in foliar biomass of
2-year-old loblolly pine (Pinus taeda L.) in the Southeastern
United States. Few studies have examined the impact of
invasive plants on pine survival and growth in the Southeast.

Cogongrass [Imperata cylindrica (L.) Raeusch.] is a subtrop-
ical alien invasive grass which is spreading throughout natural
and disturbed ecosystems in the Southeastern United States
and Southeast Asia, infesting 500 million acres worldwide.
The grass spreads mostly through rhizomes, which are resis-
tant to breakage and heat: it can grow 1 m deep and in every
direction, forming extensive rhizome networks (Holm and
others 1977). These networks lead to dense monocultures in
a forest understory, displacing all native vegetation and alter-
ing the structure and function of an ecosystem. Cogongrass
infestation is suspected to play a major role in affecting the
productivity of forest trees as well. The objective of this study
was to quantify the effect of cogongrass on the survival and
growth of loblolly pine seedlings.

MATERIALS AND METHODS

Study Site

This field study was conducted on an industrial cutover site
in Santa Rosa County, FL. The area quickly became infested
with cogongrass after harvesting. A completely randomized
design was set up with five replications of three treatments:
(1) control - plots that were kept weed free by hand weeding,
(2) plots with only native vegetation, and (3) plots with cogon-
grass infestation. In March, 2003, 1-year-old bare-root loblolly
pine seedlings were planted at 1.8 x 1.1 m spacing. There were
4 rows of 8 seedlings in each plot (32 seedlings per plot).

Measurements

The initial root collar diameter (RCD) and height were mea-
sured for every seedling at planting. The seedlings grew for
one full growing season. In December, 2003, the RCD and
height were re-measured, and survival of seedlings was
assessed. Analysis of variance within the framework of a
completely randomized design was used to analyze the data.

RESULTS AND DISCUSSION

After one full growing season, it was evident that the presence
of native and exotic weeds greatly impacted the productivity
and establishment of 1-year-old loblolly pine seedlings.
Survival was 72.5 percent in both the native and weed-free
treatments after a full growing season, while it was only 55
percent in the cogongrass treatment. Some mortality was
expected after planting for all treatments; however, cogongrass
exerted a higher competitive pressure for soil water and/or
nutrients, resulting in greater mortality in this treatment.

The presence of cogongrass greatly impacted the overall
growth of the seedlings after one growing season. The pine
seedlings growing in the cogongrass treatment showed the
least amount of growth, with only a 30 percent increase in
RCD and a 26 percent increase in height (table 1). The native
vegetation exerted moderate competitive pressure on the
seedlings. Seedlings in this treatment had a 64 percent
increase in RCD and a 30 percent increase in height at the
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Table 1—Mean root collar diameter (RCD) and
height of loblolly pine seedlings after 9 months
under different treatments

Treatment RCD Height
mm cm
Weed free (control) 12.77 47.64
Native vegetation 6.95 36
Cogongrass 5.52 34.96

end of 9 months. The weed-free treatment resulted in the
largest seedlings, with a 200 percent increase in RCD and
72 percent increase in height after 9 months.

Our preliminary data clearly show that cogongrass is far more
aggressive competition for loblolly pine seedlings than native
vegetation. If cogongrass grows unchecked in plantations,
productivity and sustainability can be severely impacted.
Integrated control strategies recommended for cogongrass
control (Jose and others 2002) need to be followed to ensure

plantation success when cogongrass infestations are detected
on cutover sites.
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UNDERSTORY GROWTH AND COMPOSITION RESULTING
FROM SOIL DISTURBANCES ON THE
LONG-TERM SOIL PRODUCTIVITY STUDY SITES IN MISSISSIPPI

R.H. Stagg and D. Andrew Scott'

Abstract—The response of understory plant communities to forest management can have important impacts on crop tree
production, biodiversity, wildlife habitat, and water and nutrient cycling. Soil disturbance caused by harvesting and site prepa-
ration can alter soil fertility and porosity and may change understory species composition. At the Long-Term Soil Productivity
study in Mississippi, we measured woody biomass by species on plots that had been subjected to three levels of experi-
mental soil compaction. Although soil compaction at harvest reduced understory biomass at ages 5 and 10 years, planted
pine biomass was unaffected. The relative dominance of individual species was altered by stand establishment and by soil
compaction treatments; soil compaction favored early successional species while reducing the biomass and dominance of

hardwood trees.

INTRODUCTION

Within the forest management community, many legal and
ecological concerns have come to light over the past two
decades about the specific effects of soil disturbances on
long-term site productivity. Powers and others (1990) identi-
fied organic matter removal/displacement and soil compac-
tion as key factors affected by forest management activities
and which alter site productivity. In 1989, officials with the
U.S. Department of Agriculture Forest Service National Forest
System Deputy area and the agency’s Research and Devel-
opment branch began investigating these factors. Their efforts
were directly in response to policies resulting from the Forest
Management Act of 1976, as well as other statutes and direc-
tives. In 1990, the first Long-Term Soil Productivity Study
(LTSP) sites were installed. This nationwide study focused on
the impacts of organic matter removal associated with harvest-
ing, site preparation for regeneration, and other activities, as
well as soil compaction associated with equipment traffic
during timber harvest and site preparation. The removal of
organic matter potentially reduces site productivity by altering
nutrient cycles, biological functions, and other soil processes.
Soil compaction potentially reduces soil productivity by increas-
ing soil strength and reducing soil porosity, which together
reduce water and air interchange, thereby diminishing root
growth (Greacen and Sands 1980).

Site productivity commonly is indexed by measuring total
aboveground biomass. Early in a rotation, noncrop vegeta-
tion may constitute most of the standing biomass, and under-
story species may have different responses to soil compaction
than crop trees. Therefore, it is important to study not only
the overstory but also to investigate the effect of soil distur-
bances on the woody understory vegetation. Additionally,
understory vegetation plays an important and valuable role in
crop tree survival and growth, wildlife habitat and abundance,
fuel loads, and nutrient cycling, all of which can be consid-
ered part of site productivity. This paper explores how soil
compaction affects the growth and composition of crop tree
and woody understory vegetation.

MATERIALS AND METHODS

Study Sites

The study site is the Mississippi installation of the LTSP,
which was established in 1993. It is located in the DeSoto
National Forest, Chickasawhay Ranger District, in Jones
County, MS. The soil is a Freest series, which is in the fine-
loamy, siliceous, thermic family of Aquic Paleudalfs. This
series is somewhat poorly drained and formed in loamy clay
sediments in uplands. The preharvest stand was a well-
stocked slash pine plantation established in 1935. The site
had received prescribed burns at 3- to 5-year intervals during
the previous rotation, although the site had not been burned
for 10 years prior to establishment of the LTSP study.

Twenty-seven 0.2-ha study plots were established in a split-
plot, randomized complete block design. The general plot
layout is a three by three factorial arrangement of organic
matter removal and soil compaction. Each plot was split in
half. One half was maintained as monoculture pine only;
herbicides (glyphosate and triclopyr) were applied as neces-
sary to control woody and herbaceous plants. The other half
was treated as a natural plantation; no herbicides were applied
after plantation establishment. This paper only considers the
effect of compaction treatments on the woody understory
and pine-stand productivity within the natural plantation plots.

Treatments

Compaction treatments were no compaction (control), moder-
ate compaction, and severe compaction. No equipment traffic
was allowed during harvest on the control treatment. Trees
were removed by chain-saw felling, and logs were lifted off
each plot with a log loader or crane. Only foot traffic was
allowed on the control plots. The moderate and severe com-
paction plots were logged using a chassis-mounted shear
and grapple skidders. Prior to harvesting, treatments were
applied by towing a pneumatic-tire roadbed compactor with a
crawler tractor over the designated plots. The roadbed com-
pactor had a rolling width of 1.52 m. The ballast in the roadbed
compactor was adjusted to meet the requirements of the
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treatment. Field trial tests determined that a load of 3.0 Mg
was required to initiate soil compaction in the Freest soil
series. The severe load was set at 6.4 Mg and the moderate
load at a logarithmic average between these two points, or
3.6 Mg. To ensure complete coverage and uniform compac-
tion, each plot received three passes in one direction and
then three more passes in a perpendicular direction for a
total of six passes.

One herbicide application on each plot comprised the planting
preparation. Technicians applied a mix of Garlon 4 (Triclopyr)
and Cidekick (surfactant) at a rate of 8.867 | ha' and 1.446 |
ha'', respectively. Following treatments, study plots were hand
planted with 1-0 containerized loblolly pine (see Appendix for
scientific plant names) seedlings from 10 known families on
2.5- by 2.5-m spacing.

Measurements

Tree heights and diameters of planted pine trees were
measured every year up to age 5 and then again at age 10.
At preharvest, understory biomass was destructively sampled
within five randomly located 1-m? sampling areas. The under-
story was collected, oven dried, weighed, and saved for
nutrient analysis. All understory species < 7.6 cm diameter at
breast height were collected, but the biomass was not sepa-
rated by species. Percent cover by species was measured on
six 30.5-m transects on each of the plots.

At age 5 years, understory vegetation biomass was collected
from four randomly placed 1.56-m? sample areas on the non-
herbicide subplots. No species coverage data was collected
at sampling.

A more intense understory vegetation biomass measurement
was made at age 10 years. All woody understory species

< 1.37 m tall were clipped, bagged, and tallied by species
and number of stems in each of three 6.25-m? sampling
areas on each subplot. All woody understory species > 1.37 m
tall were tallied by species, height, and diameter within three
56-m? sampling areas randomly placed within each study
plot. Plot-level biomass was determined from these measure-
ments using biometric equations developed from the sites.

Data Analysis

The impact of soil compaction was determined on pine bio-
mass, understory vegetation biomass, and species relative
dominance by analysis of variance using o. = 0.1 and Duncan’s
Multiple Range test to separate the means when differences
were found (SAS Institute 2000).

RESULTS AND DISCUSSION

The compaction treatments had no effect on the growth of
the pine overstory at 5 and 10 years, respectively. At 5 and
10 years, the loblolly pine overstory averaged 6.7 and 26.9
Mg ha, respectively (table 1).

The preharvest total understory vegetation biomass was
equal across all treatment plots and averaged 2.67 Mg ha™.
By age 5 years, the total understory vegetation biomass
averaged 3.11 Mg ha across all plots, but the moderate and
severe compaction treatments reduced the total woody under-
story biomass by 65 and 67 percent, respectively, compared
to the uncompacted control plots. At age 10 years, the under-
story biomass had grown to 6.5 Mg ha' on the control plots.
Understory biomass was still significantly less on the
severely compacted plots (3.9 Mg ha') and intermediate on
the moderately compacted plots (4.7 Mg ha') (table 1).

Table 1—Aboveground biomass (Mg/ha) response to three levels
of experimental soil compaction through 10 years of stand

development

Soil compaction

Age Strata None Moderate Severe
----------- Mg/ha ----------

Preharvest  Overstory® 149.6 138.5 146.5

Understoryb 2.7 2.7 2.6

Total 152.3 141.2 149.1
5 years Overstory 5.9a° 7.2a 7.1a
Understory 5.6a 2.0b 1.8b
Total 11.5a 9.2a 8.9a
10 years Overstory 23.6a 28.7a 28.4a
Understory 6.5a 4.7ab 3.9b
Total 30.1a 33.4a 32.3a

é Overstory was defined as the planted pine trees on each plot, regardless of

size.

Understory was defined as all other woody vegetation.
° Means within a row followed by the same letter are not significantly different
at a = 0.10 based on Duncan’s Multiple Range tests.
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At 5 years, the planted pine biomass averaged > 80 percent
of the total woody biomass on the compacted plots but only
50 percent on the control plots (table 1). By 10 years, the
loblolly pine biomass averaged about 87 percent of the total
biomass across the compacted plots but only 78 percent of
the total vegetation biomass on the control plots (table 1).
Total biomass was not significantly affected by the compac-
tion treatments at any age, indicating that the understory
vegetation was much more susceptible to soil compaction
than the planted pine trees.

Not only was the understory vegetation more susceptible to
compaction than the planted pines, but individual species were
quite different in their susceptibility. Soil compaction reduced
flowering dogwood, winged sumac, red oak, and red maple
biomass by 95, 95, 92, and 65 percent, respectively, although
only the red oak biomass showed a statistical difference, due
to the high variability of individual species biomass across
the plots (table 2). Conversely, eastern baccharis, black gum,
and yaupon were positively affected by soil compaction. They
had 616, 477, and 111 percent more biomass on the com-
pacted plots than on the uncompacted plots, although only
eastern baccharis showed a significant difference (table 2).
This species-specific tolerance to soil compaction had impor-
tant effects on the understory’s overall species composition.

At preharvest, 25 woody understory species were identified.
At 10 years, only 19 species were found on the moderately
compacted plot and 17 species on both the control and
severely compacted treatment plots. Also, six species were

present at preharvest but were no longer present at 10 years.

These species were common privet, hickory, sassafras,

arrowwood, winged elm, and ironwood. One species, eastern
redcedar, was not present at establishment but was found at
10 years.

At establishment of the LTSP study, gallberry dominated the
woody understory species with nearly 60 percent relative
dominance before harvest (fig. 1). All other recorded species
represented < 10 percent relative dominance. After compac-
tion treatments and 10 years of growth, gallberry still domi-
nated the woody understory composition, although its relative
dominance had decreased to 35 percent on the control and
37 percent on the compacted treatments. Compaction treat-
ments did not affect the relative dominance of gallberry in the
understory, but there was a significant statistical difference in
other understory species. Soil compaction decreased the
relative dominance of flowering dogwood and red oaks but
increased the relative dominance of black gum, eastern
baccharis, and American beautyberry.

These changes in understory composition due to soil com-
paction may affect wildlife habitat, timber production, and
have implications for successional dynamics, all of which are
especially important for nonindustrial private landowners. The
increase in eastern baccharis, American beautyberry, and
yaupon would benefit bird habitat, although the loss of red
oak would be detrimental to many species that need hard
mast, such as white-tailed deer (Odocoileus virginianus) and
eastern wild turkey (Meleagris gallopavo silvestris). Similarly,
the reduction in red oak and red maple could have implica-
tions for timber value, although the planted pines would still
likely be the preferred timber species. Ecologically, soil com-
paction appeared to retard succession; early successional,

Table 2—Understory vegetation biomass by species at age 10
years as affected by three soil compaction levels

Soil compaction

Species None Moderate Severe
------------ kg/ha-------------
American beautyberry 49.4a 116.1a 51.9a
American holly 36.1a 52.5a 20.4a
Black cherry . 0.0a 0.8a
Blackgum 23.5a 72.4a 135.7a
Eastern baccharis 17.2b 86.1ab 122.9a
Eastern redcedar . 2.5a 0.0a
Flowering dogwood 494.5a 32.8a 23.8a
Gallberry 1937.8a 1329.0a 1416.5a
Hawthorn 11.5a 13.9a 31.6a
Loblolly pine 54.0a 42.7a 61.6a
Persimmon 16.6a 97.8a 23.3a
Red maple 1467.7a 1036.1a 519.9a
Red oak 747 .2a 213.0b 63.1b
Sweetbay . 0.6a 0.0a
Sweetgum 306.8a 171.1a 60.8a
Vaccinium 291.6a 114.1a 207.3a
Wax myrtle 574.2a 576.8a 547.9a
White oak 22.2a 0.0a
Winged sumac 190.0a 6.4a 8.8a
Yaupon 305.5a 704.6a 644.7a

@ Means within a row followed by the same letter are not significantly
different at a = 0.10 based on Duncan’s Multiple Range tests.
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Figure 1—Relative dominance of understory species before harvesting and after 10 years of stand

development and two soil compaction levels.

increasing species—-such as American beautyberry, eastern
baccharis, and yaupon—were more dominant on the com-
pacted sites, while later successional species such as red
maple, flowering dogwood, and red oak were less dominant
(fig. 1).

CONCLUSIONS

Soil compaction significantly reduced woody understory bio-
mass while having little impact on planted pine biomass
growth. However, compaction affected individual understory
species quite differently, causing understory composition to
change. Generally, early successional species with good
qualities for bird habitat were more dominant on the compacted
plots, while later-successional, mast-producing species were
reduced. These changes could be quite important, especially
for nonindustrial private landowners who are interested in
managing their land for both timber and wildlife habitat.
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Appendix—Codes, common names, and scientific names of woody understory
plant species found on the Mississippi Long-Term Soil Productivity Study site

Code Common name Scientific name
ABB American beautyberry Callicarpa americana L.
AH American holly llex opaca Ait.

AWOOD Arrowwood Viburnum dentatum L.
BC Black cherry Prunus serotina Ehrh.
BGUM Black gum Nyssa sylvatica Marsh.
CED Eastern redcedar Juniperus virginiana L.
DOG Flowering dogwood Cornus florida L.

EB Eastern baccharis Baccharis halimifolia L.
ELM Winged elm Ulmus alata Michx.

GALB Gallberry or inkberry llex glabra L.

HAW Hawthorn' Craetagus spp.

HICK Hickory? Carya spp.

IRON Ironwood or American hornbeam  Carpinus caroliniana Walt.
LOB Loblolly pine Pinus taeda L.

PERS Persimmon Diospyros virginiana L.
PRIV Common privet Ligustrum vulgare L.
REM Red maple Acer rubrum L.

ROAK Red oak?® Quercus spp.

SASS Sassafras Sassafras albidum (Nutt.) Nees
SBAY Sweetbay Magnolia virginiana L.
SGUM Sweetgum Liquidambar styraciflua L.
SUMC Winged sumac Rhus copallinum L.
VACC Deerberry* Vaccinium spp.

WAX Wax myrtle Morella cerifera (L.) Small
WOAK White oak Quercus alba L.

YAU Yaupon llex vomitoria Ait.

"Hawthorn plants were not separated by species.
2Hickories were not separated by species but were dominated by mockernut hickory
[Carya alba (L.) Nutt. ex EIL].
3Red oaks were not separated by species but included southern red oak (Quercus falcata
Michx.) and water oak (Quercus nigra L.).
4Vaccinium species were not separated by species but were dominated by deerberry (Vaccinium
stamineum L.) and highbush blueberry (Vaccinium corymbosum L.).



CURRENT KNOWLEDGE ON EFFECTS OF FOREST SILVICULTURAL
OPERATIONS ON CARBON SEQUESTRATION IN SOUTHERN FORESTS

John D. Cason, Donald L. Grebner, Andrew J. Londo, and Stephen C. Grado'

Abstract—Incentive programs to reduce carbon dioxide (CO,) emissions are increasing in number with the growing threat of
global warming. Terrestrial sequestration of CO, through forestry practices on newly established forests is a potential mitiga-
tion tool for developing carbon markets in the United States. The extent of industrial and non-industrial private timberland in
parts of the southeastern United States is increasing rapidly with the reforestation of marginal or abandoned croplands. The
afforestation or reforestation potential of Mississippi and the rest of the Lower Mississippi Alluvial Valley may play a significant
role in the creation of new sequestration forests in Mississippi. This study reviews research pertaining to the effects of various
forest management practices on the above- and below-ground carbon fluxes of southern forests.

INTRODUCTION

The level of carbon dioxide (CO,) in the atmosphere currently
averages 365 parts per million (ppm) which is approximately
35 percent greater than the pre-industrial revolution levels of
270 ppm (Groninger and others 1999). Burning of fossil fuels
such as oil, coal, and natural gas is the primary man-made
source of this greenhouse gas. This accelerated release of
carbon (C) into the atmosphere alters the global C cycle, result-
ing in higher atmospheric CO, levels (Post and others 1990).
Deforestation due to land use changes such as urbanization
and agriculture convert areas that either (1) have an essen-
tially neutral C flux, but contain large amounts of stored C (as
in the case of old-growth forests) or (2) are young forests that
act as C sinks to sources of CO, to the atmosphere (World
Resources Institute 2003). The release of CO, from tropicall
deforestation is the forest’s largest contributor to climate
change. This is amplified by practices associated with forest
clearing such as burning, fertilizing agricultural fields, and the
rotting of slash material which produce other greenhouse
gases as well (World Resources Institute 2003).

Other greenhouse gases are less abundant in the atmosphere
than CO, but have more potent effects. Nitrous oxide, for
example, is only 0.001 as common as CO,, but is 200 to 300
times as effective at trapping heat; it also remains in the atmos-
phere far longer than CO, (Cambridge Scientific Abstracts
2004). Chlorofluorocarbons, which were not present in the
atmosphere prior to the Industrial Revolution, have warming
effects ranging from 3,000 to 13,000 times that of CO, and
persist for up to 400 years. Other greenhouse gases include
hydrofluorocarbons, methane, sulfur hexaflouride, and perflu-
orocarbons. Directly reducing the emission of these green-
house gases is currently the only effective method of reducing
their concentration in the atmosphere. CO, is unique in that it
occurs naturally in higher concentrations and is sequestered
by photosynthetic organisms in both terrestrial and marine
environments.

CO, levels are maintained naturally in the atmosphere where
the gas acts as a barrier trapping radiant heat from escaping
back into space. This phenomenon is referred to as the “green-
house effect” and is an important natural process which regu-
lates and maintains the Earth’s climate (World Resources

Institute 2003). Rapid increases in the atmospheric level of
CO, due to human activity results in an increased amount of
radiant heat trapped near the Earth’s surface. This may
potentially increase the mean global temperature causing
significant climatic changes as atmospheric levels of CO, rise.

Silvicultural practices such as reforestation, afforestation, and
the management of existing forests have enormous potential
for sequestering atmospheric C. Existing projects vary in scale
and are located throughout Europe and the Americas. Currently,
C sequestration programs in Mississippi offer landowners an
initial one-time payment of $400 to $450 per acre for placing
their land in a 70-year easement (The Carbon Fund 2003).
However, the magnitude of C that may be stored in terrestrial
ecosystems is not fully understood.

The effects of most silvicultural practices on the soil C pool are
poorly understood, and research results from such studies
conclude only short term effects. Also, these effects have typi-
cally been studied individually, so the amount of C storage
resulting from plantation forestry over many rotations and
silvicultural operations has yet to be quantified. This paper
addresses the results of studies conducted to quantify C
fluxes resulting from silvicultural practices as well as those
attempting to place an economic value on stored C.

Market impacts resulting from this increased value of forests
and probable increase in plantation forest area are also dis-
cussed in light of available research. In some cases, taxes on
fossil fuel use are used to provide additional incentive to imple-
ment plantation forestry and move toward more emission-
free technologies.

SOIL CARBON

Soil possesses the greatest capability of storing C for long
periods of time, and silvicultural practices directly affect the
rate and amount of C stored in the soil. Therefore the rela-
tionship between belowground storage and common silvicul-
tural practices is one that must be fully understood before
forestry’s use as a CO, emission mitigation tool can be valued.
Aboveground storage rates have been established with the
understanding that the temporal scale at which C in above-
ground biomass is stored depends on whether the material is
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harvested or what the final products are if it is harvested. How-
ever, total belowground storage capacity and how different
types of forestry operations affect it, is not fully understood.
This section therefore identifies general methods by which C
is stored in soil and reviews research regarding the storage or
loss of C under various cover types and management regimes.

There is tremendous capacity for the storage of C in soils.
World soils contain an estimated 3.2 trillion tons of C within
the top 6 feet. Approximately 2.5 trillion tons of this C is in the
form of soil organic matter; the rest is comprised of inorganic
forms such as calcium and magnesium carbonates (Wojick
1999). Soil organic matter is easily affected by land use prac-
tices and can be divided into two major categories: stabilized
organic matter, which is highly decomposed and stable, and
the active fraction, which is being actively used and trans-
formed by living plants, animals, and microbes (University of
Minnesota Extension Service 2004).

VEGETATIVE CARBON

Delcourt and Harris (1980) constructed a C budget of the
Southeastern United States biota from 1750 to 1950 to deter-
mine the pre-settlement C pool, document losses from defor-
estation, and determine whether the region is a source or
sink for atmospheric CO,. U.S. agricultural census statistics
and forest survey records provided the data for determining
land use changes during the settlement of the region. Esti-
mates of the total volume of virgin and secondary forests were
used to calculate total C content, including detrital soil C. Due
to the rapid clearing of forests and prairies during European
settlement, from 1750 to 1950 the southeast was a net source
of atmospheric C at an average rate of 0.13 gigatons per year.
However, due to the increased acreage and productivity of
commercial forests in the last 20 to 30 years, the region has
become a net sink of 0.07 gigatons of CO, per year. Such
general measurements are useful, but more precise means
of monitoring and verifying quantities of stored C are needed.
Measurements on a smaller scale are especially needed
when determining effects of different site disturbances.

An important aspect of implementing a large-scale C storage
program to mitigate emissions is determining where C is stored
in a tree. Slash material and root systems left after harvesting
constitute a large amount of the total biomass accumulated
over a rotation. Laclau (2003) developed regression equations
relating root dry weight, root volume, and C storage to tree
diameter for ponderosa pine plantations. Lacalu’s equations
produced a total root biomass estimate of 0.688 mg acre™ with
0.324 mg acre of total root C for a 10-year-old stand. Total root
biomass for a 20-year-old stand was estimated at 10.93 mg
acre™ with 5.18 mg acre™ of total root C. The range of data
collected for this experiment limits the application of its results
since varying age class, tree size, and other site factors
disrupt the predictive capabilities of the regression equations.

The potential for C sequestration through forestry practices
varies by region and depends mainly on the soil type and
growth rates of each region’s predominant plantation species.
All trees, regardless of species or age, have approximately the
same C to dry weight ratio. Matthew’s (1993) research suggests
that C contents tend to range between 49 and 51 percent with
broadleaved species having a slightly lower C content than
conifers and tropical species. Therefore, a value of 50 percent
or 0.5 times the dry tree weight is probably an appropriate
estimate for most large-scale calculations.
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SILVICULTURAL IMPACTS ON CARBON STORAGE
Schroeder (1991) used computer simulation models to esti-
mate the effects of thinning on C storage. Douglas-fir [Pseu-
dotsuga_menziesii (Mirb.) Franco] and loblolly pine (Pinus
fadea L.) were the example species. Thinning was generally
shown to cause a decrease in C storage with the exception
of very dense young stands. A 35-year rotation with an initial
planting density of 607 trees per acre was assumed, with 20
and 40 percent basal area removals occurring at age 20. At
the lighter thinning level, the final C yield was about the same
as the unthinned stand. At the 40 percent thinning level, there
was a 12 to 18 percent decrease in final yield. However, if the
thinnings are included in the final totals (assuming long-lived
products), there is little difference between thinned and
unthinned plantations.

Harvesting

The effects of harvesting on soil C content have been exam-
ined in many studies with varying results. Johnson (1992)
summarized the effects of harvesting alone in 13 different
studies. Despite the expected significant change in forest floor
mass, the majority of studies reported little (<10 percent) or
no change in mineral soil C. However, other studies reported
either increased or decreased C contents. Cultivation or
intense fires are noted as having the most dramatic effect on
soil C. Cultivation alone resulted in significant losses (at least
20 percent) of C in soils that had relatively high C contents
and a slight increase in soils with an initially low C content
(e.g., 11 percent in Udolls of the Central United States).

Site Preparation

Site preparation (burning, chopping, windrowing, disking,
bedding) studies on soil C content have provided varying
results. Morris and Pritchett (1983) found only slight changes
in mineral soil C on a Florida slash pine (Pinus ellioti Engelm.)
site. However, Burger and Pritchett (1984) found significant
(20 to 40 percent) reductions in soil C following site prepara-
tion on another Florida slash pine site. The effects of fire on
soil C is very dependant on the intensity of the fire, with greater
fire intensities resulting in greater C loss (Johnson 1992). Site
preparation may become less of a mechanical operation due
to the advent of herbicides with forestry labels and the real-
ization of the negative site impacts of mechanical operations.
This is especially true for the reforestation or afforestation of
conifers that many times replace natural hardwood stands.

Species Composition

Species composition has been shown to have extremely vari-
able effects on soil C (Johnson 1992). Results suggest in some
instances that soil C was significantly greater (35 to 57 per-
cent) in radiata pine (Pinus radiata D. Don) plantations than
in native eucalyptus forests. Other studies involving the same
species resulted in the reverse effects, and some instances
showed little or no difference. Turner and Lambert (1988)
attributed these results to the initial site fertility with results
that suggested radiata pine plantations have a higher soil C
(than eucalyptus forest soil) content on low fertility sites and
lower soil C on high fertility sites. Lane (1989) showed the
soil C content to be unchanged 23 years after the conversion
of a hardwood forest to loblolly pine. Converting hardwood
stands to pine may involve implementation of silvicultural
practices, such as fertilization, that typically do not apply to
hardwood stands due to the length of time the investment must
be carried. This, along with shorter rotations and greater site



adaptability of pine species, give pine plantations a significant
role in future C sequestration projects.

Fertilization

The fertilization of southern pine forests is increasing rapidly,
from 40,031 acres in 1988 to 850,660 acres in 1998 (Johnsen
and others 2001). Fertilization increases C sequestration by
increasing standing biomass, increasing C stored in forest
products, and increasing belowground C pools. Johnsen’s
2001 study focused on the latter and presented data from 5
experiments ranging spatially from the Virginia Piedmont to
the Alabama Coastal Plain and ranging in age from 1 to 17
years. Fertilization increased belowground biomass by 250
percent. All experiments resulted in an increase of below and
aboveground mean biomass (ranges from 120 to 300 percent
increase). It is noted here that research needs include study-
ing the long-term fertilization effects and designing optimal
fertilization methods for forestry practices. Fertilization
increases the rate of C storage; but long-term storage is more
practical in hardwood stands that are generally not fertilized
and, unlike pine, may be left indefinitely to mature into old-
growth climax forests.

Rotation Length

Optimal rotation length for C sequestration can potentially
conflict with the financially optimal harvest age. Liski and
others (2001) examined the effects of shortening the rotation
age of Scots pine (Pinus sylvestris L.) and Norway spruce
[Picea abies (L.) H. Karst.] in Finland from 90 to 60 years.
Results suggest shortening the rotation length towards the
peak age of mean annual increment decreased the C stock
of trees but increased the C stock of soil, because the produc-
tion of litter and harvest residues increased. They concluded
longer rotation ages would be favorable for C sequestration at
the cost of decreased revenue for landowners. Cooper (1982)
also concluded that harvesting stands at financial maturity by
shortening rotation length reduced lifetime C storage to
perhaps 20 percent of the potential maximum. This trend will
probably continue to grow with the genetic or other manipula-
tion of existing stock to select for faster growing genotypes.

Tree Improvement

Genetic improvements in seedling stock positively affect
production as well as C sequestration. Jayawickrama (2001)
estimated the gains in C sequestration by applying genetic
improvement to radiata pine plantations in New Zealand. By
selecting the best 50 of 500 parents for dry-weight produc-
tion and the best 10 of 1,000 parents (and making crosses
between these parents), 14.6 and 22.2 percent gains were
achieved, respectively. Gains varied by region and manage-
ment regime and were compared to a baseline estimation of
unimproved stock calculated using the C_Change option in
the stand growth simulator STANDPAK.

CARBON INCENTIVE PROGRAMS

The particular silvicultural practices allowed under a given C
sequestration agreement can affect incentives needed to pro-
mote a sufficient amount of plantation forestry and resulting C
storage. Rotation age, species composition, allowed thinnings,
and other harvesting requirements that affect the landowner’s
potential income can positively or negatively affect their will-
ingness to enter a C sequestration program. Dixon (1997)
assessed 40 nations to determine the impact of silvicultural

practices on the amount of C stored in forest systems. Impacts
of silvicultural practices on C flux, added C sequestration
resulting from silvicultural practices, economic costs of applied
silvicultural practices, and the area of land suitable for applica-
tion of these practices were identified. Results suggested that
additional C sequestered and the cost of additional seques-
tration varied greatly, but practices such as weeding, fertiliza-
tion, drainage, thinning, and modified harvesting increased C
sequestered on a given tract of land. Also acknowledged was
the fact that large areas of the southeast are suitable for
improved C storage, but the silvicultural techniques used and
the cost of implementing improvement practices varied greatly
by region. This implies that, depending on the particular
restrictions of a C storage easement and the region in which
the agreement is applied, the amount of C potentially seques-
tered and the resulting compensation possible varies greatly.
This indicates the compensation (and resulting incentive to
enter a C storage agreement) to an individual landowner
depends significantly on the location of the land holding and
restrictions set forth by available C sequestration programs.

Given that forest management as a whole typically increases
the amount of C stored over other land uses, and the fact that
there is a developing market for C storage, landowners and
other entities are likely to take advantage of the additional
income this may provide. However, the value of this additional
C storage, and the impacts to the timber market that signifi-
cantly increasing the number of forested acres will have, must
now be quantified. This will ensure existing and future proj-
ects will not have a negative effect in other areas thereby
negating any initial positive contributions.

DISCUSSION

CQO, levels in the atmosphere are increasing at a rate that
makes forestry practices alone an inadequate means of
stabilization. However, terrestrial sinks of C, such as natural
and plantation forests, have a significant potential for emis-
sion mitigation. Despite the existence of current C sequestra-
tion programs, there has been no standard economic value
assigned to a given unit of stored C. Researchers examining
the effects of including C revenues into forestry investments
have varied the value applied to a unit of stored C as well as
the discount rate applied.

Research does exist, however, concerning the management
and policy effects these potential revenues have on forestry
investments. Since growth rate and C sequestration rate are
positively correlated, most silvicultural practices that are
traditionally implemented to improve timber production also
improve the amount of C stored per unit time on a given tract.
Also, the additional revenues obtained from marketing stored
C make these silvicultural practices more economically
attractive and can therefore potentially improve the health of
forests on a very large geographic scale. However, some
restrictions may apply to silvicultural practices under a C
storage agreement, and a thorough management plan must
be prepared upon entering a C sequestration easement.

Implementing large scale plantation forestry for the purpose
of removing CO, from the atmosphere certainly will have
impacts on timber prices as well as the price assigned to a
unit of sequestered C. Creating plantation forests on a large
enough scale to significantly affect the concentration of atmos-
pheric CO, could flood the market with timber (if harvested)
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and C credits, effectively reducing the value of each. This
could have negative effects on the incentive of private and
industrial landowners to invest in forestry projects.

Current limitations of C sequestration programs resulting from
the variability of C unit values does not remove the incentive
for landowners to enter such programs. However, given the
length of such an agreement (70+ years) and the uncertainty
of future C sequestration programs, it would seem imprudent
to enter an agreement such as the one available to Missis-
sippi landowners, which offers $400 to $450 per acre, before
knowing what the near future holds for C values. Nevertheless,
given the ability to manage and harvest timber as specified in
an approved management plan, C values can only improve
the attractiveness of forestry as an investment opportunity.
This fact should increase the incentive to practice forestry
thereby expanding forested areas while simultaneously allow-
ing silvicultural practices that maximize timber growth. This
would result in a terrestrial ecosystem more capable of
sequestering C from the atmosphere.

Other limitations to using terrestrial ecosystems to mitigate
CO, emissions are the absence of sufficient data regarding
the capacity of different soil types to store C over long
periods of time. Each soil type (and corresponding cover
type) reaches a different C storage equilibrium depending on
factors such as climate, nutrient availability (particularly the
C:N ratio), species, and soil physical properties. However,
little information exists on just how much C the soil can store
and how each of these factors, as well as others, affects this
storage. Information on this subject, in addition to those
areas currently being studied (i.e. soil C fluxes resulting from
management practices), will certainly have to be better
understood before the extent of forestry’s contribution to
global greenhouse gas reductions can be defined.

CONCLUSIONS

Research conducted to better understand the terrestrial C
cycle and how it may be affected by land use practices,
coupled with the growing incentive to remove CO, from the
atmosphere through natural processes, should improve the
incentive for landowners to practice forestry. Potential C
payments and recently implemented fossil fuel taxes (where
they apply) are the primary motivation for storing C in forests.
C payment incentives can significantly improve the financial
profitability of forestry projects. The Southeastern United
States has a large amount of land suitable for reforestation or
afforestation and should have a major role in the creation of
C sequestration forests and tradeable C credits for the
purpose of greenhouse gas emissions mitigation.
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HARVEST INTENSITY AND COMPETITION CONTROL IMPACTS ON
LOBLOLLY PINE FUSIFORM RUST INCIDENCE

Robert J. Eaton, Paula Spaine, and Felipe G. Sanchez'

Abstract—The Long Term Soil Productivity experiment tests the effects of soil compaction, surface organic matter removal,
and understory control on net primary productivity. An unintended consequence of these treatments may be an effect on the
incidence of fusiform rust [Cronartium quercuum (Berk.) Miy. ex Shirai f. sp. fusiforme Burdsall et Snow]. Loblolly pine (Pinus
taeda L.) is highly susceptible to rust infection, and the combination of soil disturbances and the absence of understory may
provide an environment favorable to fusiform rust. This paper describes the treatment effects on the annual incidence of
fusiform rust in an 11-year-old loblolly pine plantation at the Croatan National Forest near New Bern, NC. Generally, increasing
levels of organic matter removal resulted in increased incidence of fusiform rust. This trend was consistent throughout the
experiment, but the magnitude of this effect diminished with time. Soil compaction did not have an effect on fusiform rust
occurrence at any time during this study. Competition control resulted in significantly higher occurrence of stem galls after the

trees were 5 years old.

INTRODUCTION

Fusiform rust disease reduces the growth and yield of pine
plantations in the Southeastern United States. The rust
occurs from Maryland south to Florida and west to southern
Arkansas and Texas and causes widespread damage to
loblolly (Pinus taeda L.) and slash pine (P, elliotti Engelm).
The causal agent of fusiform rust is the fungus Cronartium
quercuum (Berk.) Miy. ex Shirai f. sp. fusiforme Burdsall et
Snow. The fungus is native to the Southeastern United States
and became an economic threat when plantation forestry
expanded in the 1940s (Powers and Matthews 1980, Starkey
and others 1997, Tainter and Baker 1996). Increased use of
fertilizers led to an increase in fusiform rust incidence in
southern plantations, largely due to the increased rust suscep-
tibility of rapidly growing trees (Rowan 1977, Rowan and
Steinbeck 1977, Schmidt 1998). Some authors recommend
that fertilizer application be delayed or eliminated in high rust
hazard sites to minimize losses from the disease (Schmidt
1998, Tainter and Baker 1996). However, other studies note
that the increased growth of fertilized trees often compen-
sates for the increased incidence of rust in a plantation
(Froelich and Schmidtling 1998).

The fusiform rust fungus completes its life cycle by alternating
between pine and oak hosts. Pine hosts are infected through
succulent new tissues that swell and form a gall in the wood
tissue. The fungal infection increases resin flow in the wood
and causes a reduction in wood density as the infection con-
sumes the living wood cells (MacFall and others 1994). The
sticky and often sweet sporulation by the fungus on the sur-
face of the wood attracts secondary insects and fungi, which
feed on the gall secretions and cause secondary damage to
the tree. An infection often reduces the quality of the tree’s
wood and weakens the stem, increasing its susceptibility to
breakage in wind and ice storms. The fusiform rust pathogen
is a long-lived, perennially sporulating fungus that continues
to invade more host tissue each year for the life of the tree.
Often stem galls that appear after the tree is 5 years old
develop from branch galls that have grown into the stem

(Froelich and Schmidtling 1998). What starts as a gall on
stem or branch tissue becomes a canker as the tree ages
and secondary damage progresses.

The incidence of fusiform rust levels off after 6 years in young
plantations. At that point, tree mortality increases as galls
girdle the stems and branches. Many of the remaining galls
are on trees that are described as “tolerant” because they
manage to survive the initial 5 years of infection by growing
and adapting their vascular system around the infection site.
The probability of rust infection is not related to site quality or
stand density variation but is heavily dependent on timing and
severity of infection (Froelich and Schmidtling 1998). These
parameters are influenced by fertilization application and
subsequent production of succulent tissues where the fungus
infects the young tree (Rowan 1977, Rowan and Steinbeck
1977).

Economic losses of wood quality and yield by fusiform rust
are difficult to quantify since they include the value of aggre-
gate increases in standing timber, merchandise products
(saw timber), and losses to nursery stock and seed produc-
tion. The combination of values translates into $20 to $35
million of annual losses to fusiform rust infection in southern
pines (Anderson and others 1986, Powers and others 1974).
Estimates by Pye and others (1997) have put that figure as
high as $92 million per year.

The objective of this study was to quantify the effects of
organic matter removal, compaction, and competition control
on the incidence of fusiform infection on loblolly pine trees on
the study site. This analysis was conducted as part of the
Long Term Soil Productivity (LTSP) experiment. This LTSP
study is part of an international effort designed to examine
the effects of soil compaction, organic matter removal, and
competition control on site productivity. Three levels of organic
matter removal and three levels of soil compaction were
chosen to represent disturbance regimes that ranged from
minimal to severe. The competition control treatment was
included to quantify plant growth potential on the site.
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METHODS

The study site was installed in 1992 and is located on the
Croatan National Forest, near New Bern, NC. This area is
part of the lower Coastal Plain and typically has cool winters
and hot, humid summers (Goodwin 1989). The study design
is a 3 by 3 factorial, split-plot, randomized complete block
replicated on three blocks. Soils in Block 1 are predominately
Goldsboro (fine-loamy, siliceous, thermic, Aquic Paleudults),
and soils in Blocks 2 and 3 are predominately Lynchburg
(fine-loamy, siliceous, thermic, Aeric Paleudults). Main effect
treatments are organic matter removal (bole only — OMO;
whole tree — OM1; whole tree and total forest floor removal —
OM2), and soil compaction (none — CO; moderate — C1;
severe — C2). Plots were split for competition control treat-
ments (no competition control — HO; total competition control
— H1). Each treatment plot is 0.2 ha and contains an 0.08-ha
measurement plot. 1-0 loblolly half-sibling seedlings were
planted in February 1992 at 3- by 3-m spacing. There were
80 trees per measurement plot, and each measurement plot
was buffered on each side by 3 rows of trees. A complete
description of treatment application is found in Eaton and
others (2004).

Annual tree measurements and damage assessments were
first made in January 1993 and continued through January
2002, with an additional damage assessment made in January
2004. Measurements and damage assessment were only
performed on live trees. To reduce observer bias, the same
person performed all damage assessments. Initially, only the
most severe damage for each tree was recorded; after 3 years,
the three most severe damages were recorded. For the pur-
pose of this analysis, only trees that had stem infections as
the most severe damage were classified as infected. Stem-
infected trees were those with stem galls or branch galls
located < 6 inches from the stem. There were no reports of
fusiform infection at age 1.

Data were segregated by block and treatment and expressed
as percentage of live trees infected with stem infections.
Percentage data were transformed using the square root of
the percentage + 1/2 (Steel and Torrie 1980). Analysis of vari-
ance and PROC MIXED were performed on the transformed
data using SAS statistical software (SAS Institute, Cary, NC).
Data were also separated by organic matter removal and
competition control treatments, and additional analysis was
performed. Only the highlights of the analyses are shown.

RESULTS

Organic Matter Removal Treatment

The temporal pattern of fusiform rust incidence was similar
across all levels of organic matter removal (fig. 1). After age 2,
rust infection on stems affected from between 5 and 15 percent
of all live trees. The incidence of rust increased at age 3 then
declined until age 6. There was a spike at age 7, largest in
OM2 (3 percent) and smallest in OMO (< 1 percent) followed
by a slight decline through the age 11. The percentage of
trees with rust was significantly higher (P < 0.05) in OM2
than OM1 and OMO for all years except age 6. The rate of
rust incidence for OMO was significantly different from OM1
only for age 2.
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Figure 1—Percentage of trees with stem galls by age for three
organic matter removal treatments (OMO — bole only; OM1 — bole
and branch; OM2 — bole, branch, and forest floor).

Compaction Treatment

At age 2, the level of rust infection ranged from 7 to 11 percent
of the total number of live trees (fig. 2). The incidence of rust
increased at age 3 and then declined until age 6. The spike
in incidence at age 7 was largest in the C1 plots (2 percent)
and smallest in the CO plots (< 1 percent). This spike was
followed by a slight decline in fusiform rust incidence through
age 11 at all compaction levels. The percentage of trees with
stem galls was higher for C2 than for the other compaction
treatments in all years, but it was significantly different (P =
0.049) from CO and C1 only at age 5.

Competition Control Treatment

For treatment HO, the incidence of stem infections generally
decreased from age 3 through age 11 (fig. 3). For treatment
H1, incidence of stem infections increased substantially from
age 6 to age 8 and then declined through age 11. By age 7,
and through the end of the measurement period, the infec-
tion incidence rate for HO differed significantly (P < 0.001)
from H1.
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Figure 2—Percentage of trees with stem galls by age for three
compaction treatments (CO — no compaction; C1 — moderate
compaction; C2 — severe compaction).
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Figure 3—Percentage of trees with stem galls by age for two compe-
tition control treatments (HO — no competition control; H1 — total
competition control).

Treatment Interactions

There were no significant treatment interactions in fusiform
rust incidence until age 11 (P < 0.02). However, after age 6
the differences between infection incidence on HO and H1
were greater on the OMO treatment plots than on the OM1
and OM2 plots (fig. 4).

DISCUSSION

Previous analysis showed the OM removal and compaction
treatments did not affect height or diameter growth but that
competition control treatment affected both height and diam-
eter growth significantly (Sanchez and others 2005). We
expected this analysis to show the incidence of fusiform infec-
tion to reflect tree growth rate. Instead we found significant
differences by OM removal treatments, and the incidence of
infection was higher on the most severely disturbed sites for
both the OM removal and compaction treatments. Additional
investigation showed that factors generally associated with
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Figure 4—Percentage of trees with stem cankers by age for organic
matter removal and competition control treatments (OMO — bole only;
OM1 —bole and branch; OM2 — bole, branch, and forest floor; HO

— no competition control; H1 — total competition control).

increased rate of tree growth, including soil and foliar nutrient
levels, did not vary significantly from treatment to treatment.

Fusiform incidence was the same for both competition control
treatments prior to age 7, although galls were more numerous
in the H1 treatment. Height growth was significantly greater
for H1 trees over this period (Sanchez and others 2005). This
indicates that the infection rates may not be solely a function
of growth. Starting at age 7, there was a significantly higher
incidence of fusiform in the H1 plots than in the HO plots (fig.
3). There is no obvious reason for this difference, although
measurements show the height to live crown measurement
of the planted pine trees increased by almost 2 m between
ages 6 and 7 in the H1 treatment plots (Unpublished data.
2004. Robert Eaton, Biologist, USDA Forest Service, Southern
Research Station, 3041 Cornwallis Road, Research Triangle
Park, NC 27709). The height to live crown measurement in
the HO plots was always high due to competing vegetation and
did not change as dramatically during the same time period.
In addition, measurements taken at age 5 show significantly
greater grass biomass and lower shrub biomass in the OM2
plots than in the other organic matter removal plots (Ludovici
and others 2005). The comparatively low height of the major
component of the understory in the OM2 and the decrease in
the number of live lateral branches of the planted pine in the
H1 plots when the time of infection rate increased indicate
that the higher incidence of infection may have been the
result of increased air movement through the treatment plots
and increased transport of spores to susceptible tree tissue.

CONCLUSIONS

The incidence of fusiform infection was higher in the plots
where the most intensive treatments were applied and signif-
icantly higher in the OM removal treatments. Faster growing
trees are generally thought to be at higher risk for infection,
and more rapid tree growth was associated with competition
control in this study. Even though the competition control
treatment had significantly higher growth rates, there was no
significant difference in fusiform infection incidence until age
7 years. Characteristics that can affect air movement through
the stand, such as height of the major understory component
or height to live crown, were different or changed at the same
time that fusiform infection rates changed. Amount of suscep-
tible tissue, although important, may not be the only factor
that affects incidence of fusiform rust infection. Although use
of rust-resistant clones and moderation in site preparation
and fertilization reduce the incidence of fusiform infection, it
may be desirable to reduce accessibility to susceptible
tissue, especially in areas of high rust occurrence.
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DESCRIPTION OF A LAND CLASSIFICATION SYSTEM AND ITS APPLICATION
TO THE MANAGEMENT OF TENNESSEE’S STATE FORESTS

Glendon W. Smalley, S. David Todd, and K. Ward Tarkington IlI'

Abstract—The Tennessee Division of Forestry has adopted a land classification system developed by the senior author as
the basic theme of information for the management of its 15 state forests (162,371 acres) with at least 1 in each of 8 physio-
graphic provinces. This paper summarizes the application of the system to six forests on the Cumberland Plateau. Landtypes
are the most detailed level in the hierarchical system and represent distinct units of the landscape (mapped at a scale of
1:24,000) as defined by physiography, climate, geology, soils, topography, and vegetation. Each of the 39 landtypes are described
in terms of geographic setting, dominant soils, parent material, depth to bedrock, soil texture, soil drainage, relative soil water
supply, relative fertility, and forest type. Additional information includes species suitable, site productivity, and operability for
management activities. The maps aid the delineation of stands, streamside management zones, and “conservation” and other
special use areas; the location of rare, threaten and endangered (RTE) species; the design of harvests; and the modeling of
future forest conditions. The landtypes are an integral element in modeling wildlife habitat, in siting game food plots, and
planning other wildlife management activities, particularly on forests that are dual wildlife and forest management areas. The
maps are excellent training devices and extremely useful in explaining management plans to legislators and the public.

INTRODUCTION

The Tennessee Division of Forestry (TDF) has adopted a land
classification system developed by the senior author (Smalley
1991a) as the basic theme of information for the management
of its 15 state forests (SFs). At least one SF occurs in each
of eight physiographic provinces—Southern Appalachian
Mountains, Ridge and Valley, Cumberland Plateau, Eastern
Highland Rim, Nashville Basin, Western Highland Rim, Upper
Coastal Plain, and Mississippi River Embayment. In this
paper we describe the system, how it has been modified and
expanded from the original regional guides, and how it is
being applied in the management of six state forests on the
Cumberland Plateau and in the Cumberland Mountains.

THE LAND CLASSIFICATION SYSTEM

In the mid 1980s, Smalley (1986b) developed a land classifi-
cation system for the 29 million acres of the Cumberland
Plateau and Highland Rim/Pennyroyal physiographic prov-
inces in parts of Alabama, Georgia, Tennessee, Kentucky,
and Virginia. The system, which was adapted from Wertz and
Arnold’s (1975) Land System Inventory, can best be described
as a process of successive stratifications of the landscape.
Stratifications are based on the interactions among and con-
trolling influences of ecosystem components—physiography,
climate, geology, soils, topography, and vegetation. Macro-
climate does not vary much across the two physiographic
provinces, but microclimate varies because of local relief. This
experience reinforced Rowe’s (1996) maxim “...that every part
of the terrain has to be confronted; there is no avoiding those
in-between and odd ball units....”. Since the current species
composition and structure of Rim and Plateau forests was
more a function of repeated disturbances than an indication
of succession and site potential, vegetation was relegated to
a minor role in the development of the land classification
system. Application of the system to other physiographic
provinces represents an extension of the original concept
(Smalley 1991b).

The five levels of Smalley’s system proceeding from the least-
detailed to the most-detailed are: physiographic province,
region, subregion, landtype association, and landtype. These
five levels approximate the lower five levels of the National
Hierarchical Framework of Ecological Units (NHFEU) (Avers
and others 1993) that is also known as the Bailey-Forest
Service classification (Bailey 2002). In Smalley’s hierarchical
system, landtypes are the most detailed level. They represent
distinct units of the landscape and are mapped at a scale of
1:24,000. To date, nearly 750,000 acres of state forest, state
wildlife management areas, and private and forest industry
lands have been mapped with the system.

Compared with the NHFEU (Bailey and others 1994, McNab
and Avers 1994), Smalley’s (1982, 1986a) combined Mid- and
Northern Cumberland Plateau regions are equivalent to the
Northern Cumberland Plateau section (221H), his Southern
Cumberland Plateau region (Smalley 1979) is equivalent to
the Southern Cumberland Plateau section (231C), and his
Cumberland Mountain region (Smalley 1984) is equivalent to
the Southern Cumberland Mountains Section (2211).

SELECTED STATE FORESTS

This system was applied to six SFs (proceeding south to
north) — Franklin (FSF), Prentice Cooper (PCSF), Bledsoe
(BSF), Lone Mountain (LMSF), Scott (SSF), and Pickett (PSF)
(fig. 1). Four are in the Mid-Cumberland Plateau region
(Smalley 1982); Lone Mountain is located at the junction of
the Mid-Cumberland Plateau and the Cumberland Mountain
regions (Smalley 1984). Pickett is located at the extreme
southern end of the Northern Cumberland Plateau region
(Smalley 1986a). Pickett SF surrounds Pickett State Park
administered by the Department of Conservation and Environ-
ment. Prentice Cooper SF is also a wildlife management area,
administered by the Tennessee Wildlife Resources Agency
under a cooperative agreement. Scott SF borders the Big
South Fork National River and Recreation Area administered

" Emeritus Scientist, USDA Forest Service, Southern Research Station and Consultant, Sewanee, TN 37375; and State Forest Unit Leader and
Forest Information System Specialist, respectively, Tennessee Department of Agriculture, Division of Forestry, Ellington Agricultural Center,

Nashville, TN 37204.

Citation for proceedings: Connor, Kristina F., ed. 2006. Proceedings of the 13th biennial southern silvicultural research conference.
Gen. Tech. Rep. SRS—-92. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 640 p.
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Figure 1—Locations of state forests on the Cumberland Plateau of Tennessee.

by the U.S. Park Service. When these forests were acquired,
they were in old fields or pastures, cut-over, or abused as a
result of poor farming practices, surface mining, or high-
grade logging.

LANDTYPES

Based on experience, some of the original landtypes were
combined, others were divided into two or more landtypes,
and some new ones were described. Altogether, 39 distinct
landtypes were identified on the 6 SFs. The occurrence of
landtypes on each SF, their general topographic location, and
their relation to the original regional guides are shown in
table 1.

CHARACTERISTICS OF THE CUMBERLAND
PLATEAU/CUMBERLAND MOUNTAINS

Geology

The Cumberland Plateau is underlain by nearly level Pennsyl-
vanian strata dominated by sandstones along with siltstones,
shales, and coal (Swingle and others 1966) (fig. 2). Usually
the Warren Point sandstone forms the escarpment (free-face)
of the Plateau. Lone Mountain SF rises above the top of the
Plateau and is underlain with three younger shale-dominated
Pennsylvanian strata. Below the Pennsylvanian rocks are
older Mississippian strata dominated by limestone and dolo-
mite with some siltstone, shale, and thin strata of sandstone.
Most of these Mississippian rocks are covered with colluvium.
The Monteagle limestone is exposed only on the lower slopes
of the Plateau escarpment and in river gorges (BSF). Below
the Monteagle are the St. Louis and Warsaw limestones which
form the rolling surface of the Eastern Highland Rim to the
west of the Cumberland Plateau. These older Mississipian
rocks plus Silurian and Ordovician strata are exposed along
the margins of the Sequatchie Valley anticline west of PCSF
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and along the Plateau escarpment facing east into the Ridge
and Valley province.

Soils

As expected, general soil associations delineated at a scale
of 1:750,000 (Springer and Elder 1980) show a strong corre-
lation to major topographic features and are equivalent to the
landtype association level in the hierarchy. Also, greater
interest in forested landscapes by the National Resource
Conservation Service has resulted in more detailed and
useful soil surveys of Plateau counties, e.g., Bledsoe (Davis
1993), Grundy (Prater 2001), Pickett, and Fentress (Camp-
bell and Newton 1995).

Residual soils common to the Plateau surface and the crest
and upper slopes of Lone Mountain are mostly siliceous and
mesic Ultisols and Inceptisols. Textural class varies from fine-
loamy to coarse-loamy and loamy skeletal. Deep colluvial
soils common to the upper escarpment slopes of the Plateau
and lower slopes of Lone Mountain are siliceous and mesic
Ultisols with high coarse fragment content. Mixed, thermic
Alfisols and occasionally Mollisols formed in the exposed
Mississippian limestone on the lower sides of the Plateau.
These soils are shallow to deep with loamy skeletal texture.

Topography

The Plateau surface is weakly to moderately dissected with
undulating to rolling topography. Elevation of the surface is
highest (1,660 to 1,700 feet) on FSF and PCSF and decreases
northward to 1,300 to 1,400 feet on LMSF before rising
slightly near the Tennessee-Kentucky State line on PSF to
1,500 to 1,600 feet. Local relief on the surface is 100 to 200
feet. Most streams are intermittent and flow in U- or broad
V-shaped valleys. The stream channels become narrow V-
shaped and rock-strewn near the escarpment. When flowing,
these streams plunge over the nearly vertical sandstone



Table 1—Unified landtype numbering system for the Cumberland Plateau

Landtype name

Original

guide Unified LT

number

number

State Forests

Prentice Lone

Franklin Cooper Bledsoe Scott Mountain Pickett

----------------------------------- Landtypes above the escarpment - - - - - - === - - - o mmmmm oo

From Mid-Cumberland Plateau Guide (Smalley 1982)
Undulating sandstone uplands
Broad sandstone ridges and convex upper slopes
Narrow sandstone ridges and convex upper slopes
North sandstone slopes
South sandstone slopes
Shallow soils and sandstone outcrops above the
escarpment
Footslopes, terraces, streambottoms w/good
drainage - above the escarpment
Terraces, streambottoms w/poor drainage - above
the escarpment
From Cumberland Mountain Guide (Smalley 1984)
Surface mines - orphan
Surface mines - reclaimed

[o) 6 BN \O I

14

15

26
26

o oA N =

141

15.1

26.1
26.2

----------------------------------- Landtypes below the escarpment - - - - = = = = = = = = c e e e mm e

From Mid-Cumberland Plateau Guide (Smalley 1982)
Sandstone escarpment - north aspect
Sandstone escarpment - south aspect
Escarpment colluvial slopes - north aspect
Escarpment benches - north aspect
Escarpment colluvial slopes - south aspect
Escarpment benches - south aspect
Lower escarpment slopes - north aspect
Lower escarpment benches - north aspect
Lower escarpment slopes - south aspect
Lower escarpment benches - south aspect
Limestone spur ridges and knobs
Limestone rockland (outcrops) and shallow soils
Cherty slopes - north aspect
Cherty slopes - south aspect
Undifferentiated Sequatchie Valley
Footslopes, terraces, streambottoms w/good

drainage - in gorges
Footslopes, terraces, streambottoms w/poor
drainage - in gorges
Terraces - Tennessee River gorge
Sinkholes on lower escarpment slopes

From Eastern Highland Rim Guide (Smalley 1983)
Footslopes, terraces, streambottoms w/good

drainage - in coves

------------------------------------- Landtypes in the mountains

From Cumberland Mountains Guide (Smalley 1984)
Narrow shale ridges and convex upper slopes
Broad shale ridges and convex upper slopes
Upper mountain slopes - north aspect
Upper mountain slopes - south aspect
Colluvial mountain slopes and benches - north aspect
Colluvial mountain slopes and benches - south aspect

-------------------------------------- Miscellaneous landforms

Water - streams, rivers, lakes, ponds - not
associated w/surface mining

Water - lakes, ponds - associated w/surface mining

Pits, dumps, quarries

16
16
17
17
18
18
19
19
20
20

21

27
28
24
25

7.2

7.3
16.1
16.2
17.1
17.2
18.1
18.2
19.1
19.2
28
20
29
30
31

14.2

15.2
24
25

21

32
33
34
35
36
37

23.1
23.2
27

141 141 141 141 141 1441
15.1 15.1
26.1
26.2 26.2 26.2
7.2 7.2 7.2 7.2
7.3 7.3 7.3
16.1 16.1 16.1 16.1 16.1  16.1
16.2 16.2 16.2 16.2 16.2 16.2
17.1 17.1 171 17.1 171 174
17.2 17.2 172 172 172  17.2
18.1 18.1 18.1
18.2 18.2 8.2
19.1 19.1 19.1
19.2 19.2 19.2
28 28 28 28
20 20 20
29 29
30 30
31 31
142 142 14.2
15.2 15.2
24 24
25 25 25
21 21 21
32
33
34
35
36
37
23.1 23.1 23.1 231 23.1 23.1
23.2
27

67



Period Formation State Forest
P Graves Gap L
e . o
n Indiana Bluff n
n e
s Slatestone
Y >
) Crooked Fork o
a Group - 6 strata rt‘
n
; Crab Orchard - s|lile
n Mtn Group-5 | r | P sl
strata n | Tlelelk
. flelt]e]e
. 1 r
. Gizzard Group-| " | ¢ |F | e :
o 3 strata sl il7l3
F
- slelebHo
M Pennington sl €|t r
H e
; Bangor o c s
. e t
s Limestone |l o
i Hartselle I P
s slp
; Monteagle e
p r
? St. Louis F
a v
n Warsaw e
P S
e Fort Payne t
r
i
o Chattanooga
d Shale

Figure 2—Stratigraphy of the six state forests found on the
Cumberland Plateau in Tennessee.

escarpment in dramatic waterfalls. Below the escarpment are
steep talus slopes extending one-half to two-thirds of the
distance down to the adjacent valleys. These slopes are
strewn with boulders and punctuated with narrow benches.
The lower escarpment slopes are dominated by thin lime-
stone ledges and, in places, limestone rockland. These lower
limestone slopes do not occur on BSF and are mostly
covered by Nickajack Lake on PCSF. Lone Mountain rises
800 to 900 feet above the Plateau surface to an elevation of
2,530 feet and is flanked with steep talus slopes. Aspect is of
minor significance on the undulating to rolling Plateau
surface but is a significant site factor on the steep escarp-
ment slopes and the sides of Lone Mountain.

Vegetation

These SFs typify much of the Cumberland Plateau which has
been subjected to indiscriminate cutting, burning, grazing,
and clearing for subsistence farming. The current forests are
a mosaic of stand conditions with seemingly fortuitous spe-
cies composition. Generally, productivity is below potential
due to poor stocking, a less than desirable mix of species,
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and a high proportion of defective and low-vigor trees. Few
stands exist that represent site potential. In general, forests
on top of the plateau, on the south-facing upper escarpment
slopes, and on south-facing slopes of Lone Mountain are
composed of mixed red and white oaks (Quercus spp.). In
upland drainages and depressions, sweetgum (Liquidambar
sytracifluia L.), red maple (Acer rubrum L.), white oak (Quercus
alba L.), and yellow-poplar (Liriodendron tuliperfira L.) are
common depending on soil drainage. A mixed mesophytic
forest is common on the north-facing upper escarpment slopes,
in shaded gorges like Bee Creek (BSF), and on north-facing
slopes of Lone Mountain. A cedar (Juniperus Virginia L.)-
mixed hardwood forest occupies the lower escarpment
slopes. Preliminary estimates of productivity (site index and
mean annual increment) and management limitations were
derived from NRCS Woodland Suitability data for the soils
common to each landtype or from experience.

APPLICATION

Earlier research showed that the land classification system
divided the PCSF landscape into distinct ecological units with
relatively discreet plant communities (Arnold and others 1996).
Additionally, the system grouped soils on the Catoosa Wild-
life Management Area into landform units having relatively
homogeneous chemical and physical properties (Hammer
and others 1987).

Cleland and others (1997) listed ecosystem mapping, resource
assessments, environmental analyses, watershed analyses,
desired future conditions, resource management, and moni-
toring as uses of the NHFEU system. These uses also apply
to Smalley’s system. Currently, TDF is focusing on ecosystem
delineation, resource assessment, desired future conditions,
and resource management and monitoring. Much more data
needs to be obtained before meaningful environmental and
watershed analyses can be made.

Current Uses

Stand delineation—Stands are delineated at the same scale
as the landtype maps (1:24,000). Stands (silvicultural man-
agement units) have similar forest type and productivity and
may range in size from 5 to 40 acres. Stand boundaries are
typically roads and streams. Consequently, ridge landtypes
(LTs-1 and 2) and upland hollows (LTs-14 and 15) are split.
Some individual units of a landtype, conversely, may cover
50+ acres and, because of size restrictions, several stands
may be defined with a single LT unit.

An immediate benefit of the landtype maps has been to reduce
the time required to delineate stand boundaries. Heretofore
stand delineation required several weeks of field work. With
the availability of landtype maps, the task has been reduced
to a few days (fig. 3).

Management type determination—Stands are characterized
by a single forest type, often an association of two or more
species where hardwoods are dominant. Because of past
abuses, the current forest type may not be the desired man-
agement type. The ancillary information about desired species
and estimated productivity for each LT will enable forest
managers to formulate appropriate silvilcultural strategies to
achieve desired future stand conditions.
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D Boundary

—— Streams

Roads

I:l Lakes/Ponds

D Compartment 15

Landtype ID, Description

- 1, Undulating sandstone uplands

- 2, Broad sandstone ridges and convex upper slopes

- 4, Narrow sandstone ridges and convex upper slopes

- 5, North sandstone slopes

- 6, South sandstone slopes

- 7.1, Shallow soils and sandstone outcrops above the escarpment
|:| 7.2, Sandstone escarpment-north aspect
|:] 7.3, Sandstone escarpment-south aspect
|:| 14.1, Fi , terraces,

|:| 16.1, Escarpment colluvial slopes—north aspect
|:| 16.2, Escarpment benches—north aspect

wi/good drainage—above the escarpment

I:I 17.1, Escarpment colluvial slopes—south aspect

I:l 17.2, Escarpment benches—south aspect

|:| 21, F terraces, w/good drainage—in coves

|:| 23.1, Water—streams, rivers, lakes, ponds—not associated w/surface mining

|:| 24, Terraces—Tennessee River gorge
- 25, Sinkholes on lower escarpment slopes
- 26.1, Surface mines—orphan

- 26.2, Surface mines—reclaimed

- 27, Pits, dumps, quarries

- 28, Limestone spur ridges and knobs
- 29, Cherty slopes—north aspect

- 30, Cherty slopes—south aspect

- 31, Undifferentiated Sequatchie Valley

Figure 3—Stand delineation of compartment 15 on Prentice Cooper State Forest with the benefit of landtype mapping.
Landtype and stand boundaries regularly coincide. Time to complete — a few days.

Future Uses

Forest Inventory—The TDF is in the process of developing
a state forest inventory. Assessment and monitoring of the
resources on state forests is critical to making sound manage-
ment decisions. An inventory and monitoring system based
on the land classification system will provide better informa-
tion at less cost. Since most stand and landtype boundaries
coincide, species composition and productivity should be
reasonably uniform within a stand. This uniformity will result
in fewer inventory plots needed to achieve the same level of
accuracy for timber volume and other forest characteristics
compared to inventories not stratified by landtypes.

Yield predictions—We anticipate modeling future forest
conditions by examining alternative management scenarios
and the impact of disturbances such as insects, diseases,
and fire. Plans include using the species desirability and
productivity data for each LT as inputs to growth and yield
prediction models. Results can be depicted using database
and visualization software to view stands and landscapes
through time enabling TDF to see to what extent alternative
management strategies achieve stated objectives. This is the
kind of information that TDF needs to promote current man-
agement decisions, the results of which may not be realized
for several decades.

Ecosystem delineation—The concept of an ecosystem is
subjective and dependent on scale and the organism(s) in
question. An ecosystem can vary from a few square feet to
hundreds and thousands of acres. Each SF is composed of
several ecosystems at larger scales while at the same time
each SF is part of a much larger ecosystem at a landscape
scale. The land classification system provides a common

language and framework at multiple scales. Ecosystem delin-
eation through the use of landtypes should also help in the
locating rare, threatened and endangered (RTE) species
and/or associated habitat(s) along with understanding how
best to manage for their needs. Others have shown that land-
types or landtype associations can help locate suitable habi-
tats for some RTE species (DeMeo 2001).
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A COMPARISON OF TOOLS FOR REMOTELY ESTIMATING
LEAF AREA INDEX IN LOBLOLLY PINE PLANTATIONS

Janet C. Dewey, Scott D. Roberts, and Isobel Hartley'

Abstract—Light interception is critical to forest growth and is largely determined by foliage area per unit ground, the measure
of which is leaf area index (LAI). Summer and winter LAI estimates were obtained in a 17-year-old loblolly pine (Pinus taeda L.)
spacing trial in Mississippi, using three replications with initial spacings of 1.5, 2.4, and 3.0 m. Direct estimates of summer LAI
were made in August of 2001 using allometric methods. Monthly litter trap collections were used to determine the change in
LAl between August and January; winter LAl was derived by subtraction from summer values. Indirect estimates of LAl were
made using a LI-COR LAI-2000 Plant Canopy Analyzer (PCA) and hemispherical photography in conjunction with Delta-T
HemiView 2.1 software. As remote estimators of LAI, both the PCA and hemispherical photographs underestimated summer
maximum LA, and neither tool appeared to be sensitive to seasonal change in LAI.

INTRODUCTION

Estimates of leaf area index (LAI) have been used to measure
radiation interception, photosynthetic capacity, forested stand
stress levels, net canopy carbon gain, and stand productivity.
Stand management decisions and stand growth predictions
require accurate determination of LAl, thus a rapid inexpen-
sive estimation of LAl is desirable. Numerous methods have
been employed to estimate LAI: destructive biomass harvest-
ing, allometric relationships based on tree and stand attributes,
litterfall collections, remote sensing approaches, instanta-
neous measures of light transmittance (such as the LI-COR
LAI-2000 or light ceptometer), and gap fraction analysis of
canopy hemispherical photographic images. Several workers
have compared methods of LAI estimation, (Chason and
others 1991; Chen and others 1991, 1997; Fassnacht and
others 1994; Gatch and others 2002; Gower and Norman 1991;
Hebert and Jack 1998; Lopez-Serrano and others 2000;
Machado and Reich 1999; Macfarlane and others 2000;
Sampson and others 2003; Sampson and Allen 1995; Wang
and others 1992), and most agree that a number of these
methods have site-specific limitations.

Loblolly pine (Pinus taeda L.) canopies present a unique set
of challenges to the measurement of LAI. LAl in loblolly pine
stands varies annually with foliage cohort. In a study of
loblolly pine in North Carolina, Sampson and others (2003)
reported that foliage development occurred in three distinct
stages, each transpiring over a 4-month growth cycle. LAI
should thus peak around August, prior to fall foliage abscis-
sion. Minimum LAl should occur during the winter months,
prior to needle accretion. Compounding seasonal variations
in LAl are variations associated with climatic regime. In lob-
lolly pine stands, the rate and quantity of foliage abscission
may be a function of water availability (Albaugh and others
1998, Sampson and others 2003, Sampson and Allen 1998),
while nutrient availability can strongly influence shoot-clumping
(Hebert and Jack 1998, Sampson and Allen 1995, Sampson
and Allen 1998). Additionally, estimates of LAl may be influ-
enced by stand basal area (Gatch and others 2002), and thus
these estimates may also be influenced by stand management
and/or mortality in mature stands. The net result is that the
timing of LAl measurement will influence the measurement

outcome, and the ability to accurately estimate LAl in mature
loblolly pine stands tends to decrease with increasing LAI.

Sampson and others (2003) hypothesized that of the methods
available to estimate LAl in forest stands, instantaneous
methods such as those using the PCA should provide the best
estimates of seasonal variations in LAI. Rich (1990) suggested
that hemispherical photography might also be effectively used
to measure seasonal changes in foliage densities. Few studies
have actually compared seasonal values in loblolly pine
stands (Harrington and others 2002, Hebert and Jack 1998,
Sampson and others 2003). Our objectives were: (1) to com-
pare the capabilities of two remote estimators of LAl relative
to summer maximum LAl estimates derived from standard
allometric approaches, and (2) to compare the sensitivity of
remote estimators of LAl to seasonal changes in LAl as esti-
mated from litter trap collections.

METHODS

Site Descriptions

The study is located in Winston County, MS, on the Mississippi
State University John W. Starr school forest (33°16’ N, 88°52’
W). The study area is situated in an interior flatwood site with
an average precipitation of 1,430 mm and a site index of 23 m
in 25 years for loblolly pine (Roberts and others 2003). The
study was conducted in a 17-year-old loblolly pine plantation
(established in 1986). Average heights ranged from 16 to 20 m,
and stands generally had closed canopies with the exception
of localized mortality gaps. The study design included three
replicates of three treatments consisting of loblolly pine at
initial square spacings of 1.5 m, 2.4 m, and 3.0 m. Twenty-
four 149 m? plots of each spacing, for a total of 72 plots, were
included in the study.

Direct Estimates

Direct measurements of LAl were obtained through allometric
approaches. Summer maximum individual tree leaf areas (LA)
were calculated from diameter at breast height (d.b.h.) and
tree height (HT) using locally derived (based on destructive
sampling) allometric equations. In August, 2001, all trees
from each plot (n range = 4 to 50 trees, average = 22 trees)
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were measured for d.b.h. and HT. Tree HT and d.b.h. were
used to calculate individual tree LA in m? as follows:

LA =0.000313 x dbh?2'® x height 197" (1)

Total LA for the plot was obtained by summing the LA of all
trees on the plot. Summer maximum LAl was obtained by
dividing total plot LA by plot area.

Winter LAl values were derived from summer allometric data
and litterfall data for 5 months. Three 0.5 m? litter traps were
placed at random within each plot. Litter was collected monthly
from August, 2001, to January, 2002. Litter collections were
combined to yield a single composite sample per plot. Samples
were pre-dried in preparation for sorting. Samples were sorted
into needles and other materials (twigs, bark, catkins, and
other debris) to remove all material except whole needles
and needle fragments. The pine needles were then dried at
70 °C for a minimum of 48 hours to achieve constant weight
and weighed to the nearest 0.1 g. Total per-plot monthly
weights were summed to provide needle-fall weights on a
per-plot basis for the interval of August 2001-January 2002.
Seasonal change in leaf area (ALA) was calculated as:

ALA = [dry weight (g)/trap area (m?)] x

[43cm?/g] x [1Tm#10000cm?] @)

Winter LAl was determined by subtracting ALA from the
summer maximum LAl values.

Indirect Estimation of LAl using

Plant Canopy Analyzer (PCA)

In September, 2001, and January, 2002, LAl was estimated
using a pair of Licor LAI-2000 plant canopy analyzers (PCA,
LiCOR Inc., Lincoln, NE). Simultaneous readings were taken
inside and outside of the canopy. All readings were taken in
the early morning hours, from dawn until direct sunlight began
reflecting from the tops of the crowns. LAI-2000 readings were
taken with a 45° view cap attached to the lens and the center
of the 45° view cap facing due north at 1.37 m above ground.
Within the canopy, readings were taken along the southern
border of the plot, with a sampling range of 4.75 m in the east-
west direction and 1.0 m in the north-south direction. Five
readings were taken within the sampling range: two readings
within tree rows and three readings between tree rows.

Data were processed using LI-COR C2000 software. Data
were filtered for “bad pairs” (for example pairs in which the
ratio of sensor A to sensor B differed from other pair readings
within the same ring), which may result from sensor obstruc-
tion or deviation from level position. The results of the outside-
plot values were examined and, when determined to deviate
from zero, a correction multiplier was applied to simultaneous
within-plot readings. All data were processed with a mask on
ring five. LAl was calculated using the LI-COR software.

Indirect Estimation of LAl using

Hemispherical Photography

In summer 2001 and winter 2002, hemispherical photographic
images were taken following general procedural recommen-
dations for vertical photographs in forest canopies (Becker
and others 1989, Chen and others 1991). Images were taken
from plot center at a height of 1.37 m above ground level with
a Nikon Coolpix990 digital camera equipped with a fisheye
lens. The camera was mounted on a self-leveling tripod and
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aligned to magnetic north. Images were photographed at a
resolution of 2,048 x 1,536 pixels, with focus set at infinity
and shutter speed and aperture set automatically. Images
were taken using three image quality settings: fully automatic
color, black and white with high-sharpness, and color with
reduced-contrast and high-sharpness. It was later determined
that the reduced-contrast, high-sharpness images yielded
the best images for processing; i.e., sky appeared as white
and foliage elements appeared as black. All images were
taken in early morning hours or in overcast conditions, so the
sky background was evenly illuminated, and no sunlight was
reflected by vegetation.

Prior to analysis, images were processed using Adobe Photo-
shop 7.0. Images were examined for evidence of “washed-
out” areas due to reflected sunlight. Washed-out areas, which
occurred in 10 of 144 images, were adjusted to match the
rest of the image using Photoshop’s lasso tool and image
adjustment features. An opaque circle overlay was created to
exclude portions of the image outside of a 58° zenith angle
which was the portion of the image determined trigonometri-
cally to be outside of the plot area. Images were saved as
jpeg files and imported into HemiView 2.1 canopy analysis
software (Delta-T Devices Ltd.) for analysis. The HemiView
software was used to estimate LAl from the images based on
image gap fraction, using eight azimuth and seven zenith
sectors within the unmasked portion.

RESULTS AND DISCUSSION

Comparison of the Capabilities of

Two Remote Estimators of LAl Relative to
Summer Maximum LAI Estimates Derived from
Standard Allometric Approaches

Most reported LAI values are understood to have been
acquired at maximum leaf area display, which for loblolly pine
would be during August in normal years (Sampson and
others 2003) and up to 2 months earlier during dry years
(Hebert and Jack 1998). August summer maximum esti-
mates of LAl in this study derived from standard allometric
approaches ranged from 1.50 to 5.41, which is within the
expected range for loblolly pine (Sampson and Allen 1995).
Summer LAl for 1.5 m, 2.4 m, and 3.0 m spacings averaged
4.20, 4.13, and 3.99, respectively, with an overall mean of
4.07 (fig. 1). Differences were not significant at o = 0.05.

Estimates of summer LAI from the PCA (range = 1.57 t0 5.57)
and hemispherical photography (range = 2.73 to 4.55) were
also within the expected range for loblolly pine (Sampson and
Allen 1995). The two remote estimators compared well with
each other: means for the PCA and hemispherical photog-
raphy were 3.39 and 3.33, respectively. However, the remote
methods underestimated the allometric mean by 17 and 18
percent, respectively (fig. 2). This is typical of remote estimates
in most conifer stands (Chen 1996, Fassnacht and others
1994, Gower and Norman 1991). Both methods have been
reported to be biased due to blockage of light by boles and
non-random distribution of foliage elements (Barclay and
others 2000, Chen 1996, Fassnacht and others 1994, Gower
and Norman 1991). Gower and Norman (1991) developed a
procedure for determining a stand-specific “clumping factor”
which could be used to ameliorate this effect; however, we
made no attempt to correct the remote estimates as the
method is costly to estimate and has not performed well in
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Figure 2—Comparison of means for direct and remote estimates of
LAl (m2/m?2), for summer and winter measurements, combined
across plots.

some studies (Fassnacht and others 1994, Hebert and Jack
1998).

Comparison of the Sensitivity of Two Remote
Estimators of LAl to Seasonal Changes in LAl as
Estimated from Litter Trap Collections

Litterfall-based estimates of seasonal change in LAI by spac-
ing treatment yielded ALAI values of 1.32, 1.34, and 1.39 for
1.5 m, 2.4 m, and 3.0 m spacings, respectively. Winter esti-
mates of LAl ranged from 0.85 to 3.97. Mean winter LAI for
1.5 m, 2.4 m, and 3.0 m spacings were 2.78, 2.79, and 2.60,
respectively, with an overall mean of 2.73. Differences were
not significant at o = 0.05.

Estimates of winter LAl from the PCA (range = 1.49 to 5.06)
and hemispherical photography (range = 2.71 to 4.00) were
also within the expected range for loblolly pine (Sampson and
Allen 1995); however, in contrast to the underestimated
summer values (fig. 2), neither the PCA nor hemispherical

photographs underestimated winter values. Winter versus
summer correlation plots for all three methods are presented
in figure 3.

The PCA overestimated winter LAI by 2 percent (overall mean
=2.79). Mean winter LAl values for 1.5 m, 2.4 m, and 3.0 m
spacings were 2.92, 2.79, and 2.67, respectively. Differences
were not significant at o. = 0.05. A strong relationship, though
not 1:1, was found between the direct estimates for summer
and winter LAl with little scatter (fig. 3a). Summer and winter
LAl values, as measured by the PCA, had a weaker correla-
tion (r? = 0.7554) than that of the direct estimates, and the
slope and y-intercept were lower (fig. 3b). Sampson and
others (2003) hypothesized that of the methods available to
estimate LAl in forest stands, instantaneous methods such
as the PCA should prove the best estimate of seasonal vari-
ations in LAL. In this loblolly pine stand, the PCA was a weak
estimator of summer LAI but appeared to provide reliable
estimates of winter LAI.

Underestimation of LAl by the PCA is often attributed to
clumping and nonrandom distribution of foliage (Fassnacht
and others 1994, Gower and Norman 1991, Sampson and
Allen 1995, van Gardingen and others 1999). Workers have
attempted to apply correction factors to the results, with
limited success. Sampson and others (2003) stated that while
site-specific corrections to PCA estimates may be valid and
necessary, there is insufficient evidence that the corrections
are easily and reliably applicable. The results from this study
suggest that there is a threshold level of LA above which the
LAI-2000 is unreliable, and that the threshold level lies some-
where between the winter and summer values for these lob-
lolly pine stands. As needle abscission increases, the canopy
appears to approach a more random distribution of foliage
elements. This is consistent with the findings of Sampson
and Allen (1995).

Hemispherical photography overestimated winter LAl by 18
percent (mean = 3.22); mean winter LAl values for 1.5 m,

2.4 m, and 3.0 m spacings were 3.22, 3.12, and 3.22, respec-
tively. Differences were not significant at o. = 0.05. There was
no correlation between winter and summer LAI estimates
obtained from hemispherical photography (fig. 3c). The change
in mean LAl from summer to winter represented a decrease
of only 0.11, indicating that the hemispherical photography
was not sensitive to seasonal changes in these loblolly pine
stands. There is typically a roughly 40 percent drop in LAI
from summer to winter for loblolly pine. LAl values obtained
from hemispherical photography were 18 percent lower than
direct estimates in the summer and 18 percent higher than
direct estimates in the winter. This suggests that mean LAI
as determined from hemispherical photography may repre-
sent a value midway between “true” summer and winter LAI.

SUMMARY AND CONCLUSIONS

Spacing effects on LAI were not seen for any of the estimation
approaches used: allometry, LAI-2000 plant canopy analyzer,
or hemispherical photography. Both the PCA and hemispher-
ical photographs were comparable as estimators of summer
LAl in these loblolly pine stands, although both methods
underestimated LAI by approximately 20 percent. This result
is most likely the result of foliage clumping in these closed-
canopy loblolly pine stands.
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Figure 3—Correlation between estimates of summer and winter LAl (m?/m?): (A) Relationship between summer and
winter direct measurements, (B) relationship between summer and winter PCA measurements and (C) relationship
between summer and winter hemispherical photography measurements.

Of the two indirect estimation approaches examined, the PCA
was more sensitive to seasonal changes in LA. The PCA
yielded a mean winter LAl of 2.79 as compared to the mean
direct winter estimate LAl of 2.73. LAl measurements using
the PCA yielded a seasonal change of 18 percent (from 3.39
in summer to 2.79 in winter) as compared to a 33 percent
seasonal change yielded by direct methods. Hemispherical
photography was not sensitive to seasonal change in LA,
greatly overestimating winter LAI. Hemispherical photography
yielded a mean winter LAl of 3.22 as compared to the direct
estimate value of 2.73. The measured seasonal change was
only 4 percent (from 3.33 in summer to 3.22 in winter), as
compared with 33 percent from direct methods.

LA of mature, closed-canopy loblolly pine stands in this region
may be too high for remote methods of LAl determination to
be effective in summer. Following fall needle abscission, the
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LAI-2000 PCA appeared to be more accurate at measuring
winter LAI, suggesting that there is a threshold level of LA
above which the LAI-2000 is unreliable. That threshold level
appears to lie somewhere between the winter and summer
values for loblolly pine stands in north-central Mississippi.
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USING FOREST VEGETATION SIMULATOR TO AID COMMUNICATIONS
BETWEEN NATURAL RESOURCE MANAGERS AND STAKEHOLDERS

Randall P. Rawls and Edward F. Loewenstein'

Abstract—Due to differences in perspective, natural resource managers and members of the general public often find it
difficult to communicate with each other concerning alternative management scenarios. Natural resource managers often
consider and describe the forest in numeric terms such as number of trees, basal area, and volume per acre. Members

of the general public are more likely to consider management implications from a visual perspective. With the ability to
produce computer-generated, graphical images of the stand over time, the Stand Visualization System (SVS) and the Forest
Vegetation Simulator (FVS) may provide an interactive means of communication that bridges the gap between these two
perspectives. To demonstrate the potential of this tool, FVS was used to project future stand conditions based on five different
real estate cuts applied in a pine plantation. The graphical and numeric information produced by SVS and FVS was then used
to determine relative stakeholder preference for each regime over time.

INTRODUCTION

Rapid population growth and urbanization of once rural areas
have become a great concern to forest managers operating
near the wildland-urban interface (WUI). Despite the fact that
the forested setting of WUI is often cited as one of the ameni-
ties attracting people to these areas, care and maintenance of
the forest is often of very low priority for the new stakeholders.
Typical manipulation of the forest in an urbanizing area cen-
ters on the facilitation of real estate and infrastructure devel-
opment, with little or no consideration given to how the forest
will respond to urbanization over time. Wear and Gries (2002)
cite urbanization as the leading threat to southern forest land
for the next 40 years.

As once-rural pine plantations are being converted to residen-
tial developments, social resistance to traditional plantation
management practices may limit the range of alternative man-
agement practices available to natural resource managers.
The resistance of WUI stakeholders to nonindustrial forest
management may be due, in part, to the fear of aesthetic
results as well as adverse economic factors and distrust in
traditional forest management practices. A further limiting
factor may be the forest managers’ inability to effectively com-
municate aesthetic outcomes from alternative management
practices to those unfamiliar with forest operations. This is
perhaps because forest managers are trained to consider
management implications in numeric terms, such as number
of trees, basal area, and volume per acre while such abstract
terms mean little to the lay person. Instead, they are more
likely to consider potential management implications from a
visual perspective (e.g. what will it look like?). With the ability
to produce computer-generated, graphical images of the stand
over time, the Stand Visualization System (SVS) module of the
Forest Vegetation Simulator (FVS) may offer forest managers
and their constituents an interactive means of communica-
tion that bridges the gap between these two perspectives.

To demonstrate the potential of this tool, FVS was used to
project future stand conditions based on five different manage-
ment regimes applied in a pine plantation at the wildland-
urban interface in the Piedmont region of central Alabama.

The graphical and numeric information produced by FVS
was then used to determine relative stakeholder preference
for the aesthetics, economics, and wildfire potential associ-
ated with each regime over time.

METHODS

Study Area

The study was located within a 40-ha stand belonging to
Alabama Power Company that was of high real estate value
due to its proximity to Lake Martin near Dadeville, AL. The
site consisted of an 18-year-old pine plantation containing
approximately 27.5 m2ha' of pine basal area in the overstory
and another 1.9 m2ha™ of hardwood basal area in the under-
story. Soils on this site are typical of the Piedmont physio-
graphic region of central Alabama. Slopes are moderate, and
the site is transected by a stream that empties directly into
Lake Martin at the edge of the property.

Treatments

Five treatments representing a gradient of removal intensities
and spatial distributions were applied to the stand. These same
treatments were projected 20 years into the future using the
FVS growth and yield software. The treatments are as follows:

1. No removal—no removal was simulated throughout the
projection period. The stand was allowed to continue grow-
ing without management. Regeneration is not expected to
occur in this stand.

2. Conventional removal—a typical fifth-row thin with oper-
ator select on the residual rows, reducing the residual
basal area to approximately 16.0 m?ha'. This treatment
left most of the larger trees and provided them with
resources needed for growth but relatively little regenera-
tion is expected to occur.

3. Heavy thin—a typical fifth-row thin with operator select
on the residual rows reduced the residual basal area to
approximately 9.2 m?ha'. This treatment left only the
largest trees and provided them with resources needed
for growth; moderate amounts of regeneration are expected
to occur.
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4. Strip removal—complete removal of two strips totaling one
third of the stand at each of three entries. The Conven-
tional thin was applied to the residual portion of the stand
at each 10-year cycle. This treatment is the quickest means
of converting the stand to mixed species and provides a
protected view of the ongoing forest conversion from a
downhill perspective. Large amounts of regeneration are
expected in the strips.

5. Maintenance removal—a typical fifth-row thin with oper-
ator select on the residual rows reduced the residual
basal area to approximately 16.0 m?ha' and maintained
this amount throughout the life of the stand. This treatment
results in progressively fewer but larger trees in the stand
throughout time. Relatively little regeneration is expected
during the projection period.

Factors of Interest
Three pieces of information from the projections are of
particular interest:

1. Aesthetics—SVS used FVS output to produce several
images for each treatment. The time series of images
included: initial stand conditions prior to any removal treat-
ments, the post-treatment stand, and an image of the
stand at each 10-year interval. Two view perspectives, a
profile view and a perspective view, of each image were
produced.

2. Wildfire hazard—Using the fire and fuel extension of FVS,
we produced a relative wildfire fire hazard based on flame
length. Each image was assigned to one of three wildfire
hazard categories including: low (0 to 1.19 m), moderate
(1.20 to 1.83 m), and high (>1.84 m).

3. Economics—Each time the prescription called for a
removal, a cost and revenue for each image and a net
present value of each management regime was calcu-
lated over the entire projection cycle.

Additionally, an estimate of wildlife species one might expect
to find utilizing the forest structure existing at each point in
time, for each management regime, is presented. Each of
these factors was included in the survey instrument.

Survey Instrument

A survey instrument consisting of two parts was produced

to determine the preferences for each of the management
regimes. Part | collected demographic data, knowledge of
forest management, and experience with forest management.
Part Il asked the respondent to rate their preference for each
image on a Liekert scale and to rank their preference for
each alternative relative to the others. Each image included
the aesthetic, economic, fire hazard, and wildlife information
outlined above. This section of the survey also included a
time series of images for each management regime.

Four different stakeholder groups were included in the target
population including: (1) an urban residence group, (2) a rural
residence group, (3) a wildland-urban interface residence
group, and (4) all county commissioners in Alabama. The first
three groups provide an idea of how the preference for each
strategy will change across a population density gradient,
while the commissioner group provides a policy perspective.

RESULTS

We are currently in the data collection phase of the project.
The management scenarios have been developed, the
research protocol was submitted and approved by the Office
of Human Subjects Research, the survey instrument has been
finalized and tested, and the target population has been
contacted and invited to participate in the survey. Completion
of the study is projected for August 2005.
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EFFECTS OF PLANTING DENSITY ON THE BIOMASS PARTITIONING OF
INTENSIVELY MANAGED LOBLOLLY PINE STANDS ON
THE PIEDMONT AND UPPER COASTAL PLAIN OF GEORGIA

Rodney E. Will, Nikhil Narahari, Robert O. Teskey,
Barry D. Shiver, and Matthew Wosotowsky'

Poster Summary

Increased planting density enhances overall stand growth by
increasing resource capture and use. However, planting den-
sity also may affect the proportion of biomass partitioned to
stem growth, a main factor controlling stand growth and yield.
During the fourth growing season, we determined the biomass
partitioned to leaf, branch, stem, and fine root (> 0.5mm) of
intensively managed loblolly pine (Pinus taeda L.) stands in
the Upper Coastal Plain and Piedmont of Georgia growing at
6 densities ranging from 740 to 4,440 trees ha' (5 replications).
Current annual increment during the fourth growing season
increased from 4,573 to 12,671 kg ha' as stand density
increased from 740 to 4,440 trees ha'. Stem, leaf, and branch

biomass all significantly increased with increasing planting
density. However stem biomass increased to a greater extent.
Therefore, biomass partitioning to stem relative to other stand
components increased with increasing stand density. As stand
density increased, the ratio of stem growth per foliage biomass
increased from 1.02 to 1.54, the ratio of standing stem bio-
mass to branch biomass increased from 1.77 to 3.27, and the
ratio of standing stem biomass to fine root biomass increased
from 3.56 to 7.79. These results indicate that in addition to
increasing growth due to greater resource capture,planting
density increases growth and yield by shifting production to
stem growth.
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SEPARATING LIVE FROM DEAD LONGLEAF PINE SEEDS:
GOOD AND BAD NEWS

James P. Barnett and R. Kasten Dumroese'’

Abstract—Of all southern pine seeds, longleaf pine (Pinus palutris Mill.) are the most difficult to collect, process, treat, and
store while maintaining good seed quality. As a result, interest in techniques for separating filled dead from live longleaf pine
seeds has developed. The good news is that new technologies are becoming available to evaluate seed quality, but the bad
news is that they seem to have limited application to longleaf pine. Tests suggest that incubating, drying, and separating,
chlorophyll fluorescence, and near infrared techniques do not help improve longleaf pine seed quality. The incubating-drying-
separating method is inefficacious because variability in the seed coat wing stub affects seed flotation. The chlorophyll
fluorescence method measures changes in chlorophyll content as seeds mature or are damaged, but such changes do not
seem to occur in pine seeds. The near infrared method seems to offer the best potential. The use of near infrared scanning
technologies can determine changes in seed constituents, but we have not been able to determine which measurable seed

constituents may change as viability declines.

INTRODUCTION

Techniques to improve seed quality, such as winnowing
(commonly used for millennia), have as an ultimate goal the
capability to separate filled dead from live seeds. Generally,
those of us interested in improving the performance of tree
seeds have followed the lead of scientists working with agri-
cultural and horticultural seeds. We are working to identify
methodologies for improving seed quality, which may address
forestry needs.

For decades, the most effective means of improving southern
pine seed quality has been to remove all unfilled seeds and
then separate damaged or poorly developed seeds from filled
seeds. Technology to accomplish these tasks has been based
on seed flotation or the use of mechanical equipment. Aspi-
rator and specific gravity table techniques work well for many
tree species, but the most effective quality improvements have
been achieved by density separation processing. Typically,
poor viability is common in some lots of longleaf (Pinus palus-
tris Mill.) and other southern pine species, so newer technol-
ogies are being sought to improve seed-lot performance. The
increased demand for longleaf pine seeds over the last decade
has reinforced the need for better separation technology. The
primary use of containers for longleaf pine seedling produc-
tion—and the resulting economic benefits of sowing only one
filled seed per container cavity—necessitate techniques to
cull filled but dead seeds. Of course, the ultimate goal is to
achieve 100 percent germination. But is it possible to deter-
mine which of two seemingly identical filled seeds is dead,
and which is alive?

This paper reports on a series of evaluations of longleaf pine
seeds using newer technologies that potentially could improve
seed quality. We considered three different approaches. The
first is incubating-drying-separating (IDS) fluid separation.
Certain IDS procedures have been used for a number of
years, and IDS can help separate nonviable from viable seed
lots of a number of coniferous species (Bergsten 1987, Downie
and Wang 1992, Simak 1984). This methodology, however,
has not been critically evaluated with longleaf pine seeds.

The second approach, chlorophyll fluorescence (CF), is used
to measure plant photosynthetic health. Studies have found
that CF scans can be used as a noninvasive method for deter-
mining seed maturity and quality. Jalink and others (1998)
reported that CF scanning may be a new sorting technique
to improve the quality of some species of agricultural seeds.
This method has yet to be evaluated for sorting southern
pine seeds.

Near infrared (NIR) spectroscopy is the third approach to
evaluating seed quality. Williams and others (1985) found NIR
a suitable, noninvasive technique to measure protein content
of whole grains. Other applications of NIR technology con-
tinue to be developed for seed, plant, and forest products use.
Portable equipment now available can scan seeds in milli-
seconds, making NIR attractive as a potential commercial
technology.

Research on all three technologies is good news, because
they provide possible ways to improve the quality of southern
pine seeds. We present the results of our evaluations of each
technology using longleaf pine seeds.

INCUBATING-DRYING-SEPARATING

The IDS process is based on the principle that water imbibed
by live seeds is lost at a slower rate than water imbibed by
dead filled seeds when both are subjected to uniform drying
conditions. Ideally, seeds can then be separated in a liquid
medium into a nonviable floating fraction and a viable sinking
fraction based on the resulting density differences between
the two fractions.

Previous studies of IDS technology have shown limited suc-
cess with southern pine seeds. Karrfalt (1996) reported that
his attempts using IDS to remove fungus-damaged seeds
from slash pine (P, ellliottii Engelm.) failed completely. Donald
(1985) achieved positive results, but with slash pine seeds in
South Africa. His results indicated that the IDS technique is
of little value for low-viability lots, but that separation of a
better quality seed lot will improve its germination capacity.
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McRae and others (1994) studied IDS treatment of loblolly
(P taeda L.) and slash pine seeds and its effect on seed cost
and efficiency in the nursery. They reported the IDS treatment
was used successfully to separate filled-dead from filled-live
seeds, but information was inadequate to determine if an
economic advantage could be expected from the treatment.
McRae and others (1994) wrote that the wing stub and seed
size of longleaf made it difficult to evaluate seeds using IDS
technology.

Our objective is to determine the optimal IDS and related
technology to sort filled-dead from filled-live seeds of longleaf
pine. We conducted a series of tests with three lots of long-
leaf pine seeds: South Carolina1992, Mississippi 1987, and
Mississippi 2000. The application of IDS to the lots failed
because of excessive and erratic flotation patterns caused by
wing and seed coat characteristics (Creasey 2002). Further
evaluations used a combination of Prevac (pressure vacuum
system) and imbibitional density separation process (DSP).

Prevac is a treatment used to improve the quality of seeds
from many tree species. It mechanically separates damaged
seeds and debris in a lot by means of a partial vacuum. The
vacuum forces water into damaged seeds, causing them to
be heavier and sink when the vacuum is released. The DSP
method is an alternative to IDS, but generally it is less reli-
able. It is a method of separating filled-dead seeds from filled-
live ones by monitoring moisture uptake and establishing a
sink/float relationship over time. Filled-live seeds sink, while
weak, dead, or empty seeds remain floating at a predeter-
mined cut-off time.

Incubation-drying-separating, Prevac, and imbibitional DSP
treatments were not successful with longleaf pine seeds.
Neither Prevac treatment for 30 or 60 seconds of vacuum at
27 inches mercury nor imbibitional DSP for 24, 43, or 60 hours
provided any consistent improvement in seed performance
(Creasey 2003) (fig. 1). As McRae and others (1994) found

1 SC 1992 MS 1987 B3 MS 2000

(&) ~
o ()]

Germination (percent)
N
(&)}

Treatments

Figure 1—Germination of three lots of longleaf pine seeds subjected
to no treatment, Prevac treatment for 30 seconds, and imbibitional
density separation processing (DSP) for 24, 43, and 66 hours.

82

for IDS, the variability of the seed coat and its attached wing
stub created flotation problems that prevented the successful
application of these techniques.

CHLOROPHYLL FLUORESCENCE

Chlorophyll fluorescence is a nondestructive and instanta-
neous method to measure differences in plant function by
assessing the magnitude of chlorophyll fluorescence signals.
When chlorophyll molecules absorb light during photosynthe-
sis, a small portion of that light is re-emitted, or fluoresced.
Numerous studies have used CF to estimate photosynthetic
efficiency, which is an indirect measure of plant stress
(Adams and others 1990, Gentry and others 1989).

More recently, Ward and others (1995) and Steckel and others
(1989) have used CF to estimate seed maturation. For many
species, the amount of chlorophyll in the seed coat decreases
during maturation, and for carrot (Daucus carota L.) and
cabbage (Brassica oleracea L.) seeds, the change has been
related to germination (Jalink and others 1998, Steckel and
others 1989).

Because longleaf pine seeds have large embryos with con-
siderable amounts of chlorophyll, we decided to evaluate CF
as a method of sorting for viability improvement. Chlorophyll
fluorescence was evaluated using Satake Corporation’s
SeedScan™ technology (Satake Corporation 2002). The
SeedScan™ is a tabletop seed-by-seed maturity sorter that
is designed to separate seeds based on their germination
potential. The unit separates a seed lot into six fractions based
on levels of chlorophyll fluorescence. We scanned individual
longleaf pine seeds and tracked them through germination
tests, enabling us to determine the relationship between the
scanning spectra and germination. We evaluated several
replications of 100 seeds each. Although CF is related to
germination in some species, we could demonstrate no such
relationship when scanning longleaf pine seeds.

NEAR INFRARED SPECTROSCOPY

Near infrared radiation is in the wavelength range of 780 to
2,500 nm, where 400 to 7,800 nm is visible light and above
2,500 nm is infrared. A commercial breakthrough for NIR
spectroscopy came when it was shown that this technology
could be used to determine the protein content in whole
grains (Williams and others 1985).

Today, NIR technology is widely used not only in chemical,
pharmaceutical, and food industries, but also in agriculture
and wood technology (Downy 1985). The reason for the
popularity of NIR spectroscopy is that little or no sample
preparation is needed, saving both time and the cost of
chemicals (Lestander 2003).

The main use of NIR spectroscopy within the field of seed
science is quantifying seed moisture content and chemical
constituents like proteins and oils (McClure 1994, Norris
1988). It is now being used as a quantitative tool that relies
on chemometrics to develop calibrations relating reference
analysis of the seed or plant material to that of the NIR optical
spectrum. In other words, germination data have to be corre-
lated to the measured spectrum on the same seeds.

Lestander (2003) has demonstrated the potential of using
multivariate NIR spectroscopy for conifer seed classification.



He found that filled viable and nonviable Scots pine (P, sylves-
tris L.) seeds could be separated with an accuracy of < 95
percent.

We have evaluated NIR technology both in informal tests with
U.S. Department of Agriculture Forest Service Forest Products
scientists and more formally with Brimrose Corporation’s Seed
Meister™ system. Brimrose’s Seed Meister™ AOTF-NIR
spectrometer is specially designed for high-speed discrimina-
tion, quantification, and sorting of hybrid agricultural seeds
(Brimrose Corporation 2002a). The spectrometer has a six-
port sorter controlled and selectable by software and can
evaluate 16,000 wavelengths (30 scans) per second. The NIR
scanning technology can determine oleic and linoleic acid
content in sunflower (Helianthus spp.) and protein and oil
content of soybean (Glycine spp.) seeds (Brimrose Corpora-
tion 2002a, 2002b).

If the chemical composition of dead seeds were different from
live ones, it would be feasible to use NIR methodology to sort
them based on viability. We scanned individual seeds from
several lots of 100 using NIR systems and had them germi-
nate. We could not discern relationships among scanning
spectra and germination potential for longleaf pine seeds.

SUMMARY

Three different technologies were evaluated to determine the
feasibility of separating filled-dead from filled-live longleaf
pine seeds. The results of the IDS tests were negative pri-
marily because of the nature of the seeds. Portions of the
seed coat wings are retained after seed processing, and the
wing stubs vary markedly in both size and shape, making
separation using flotation problematic. Although IDS is effec-
tive in sorting seeds of some tree species, the technology
has shown little potential with longleaf pine. Even with other
southern pine species, IDS is a complicated procedure that
will be restricted to few commercial operations and may be
hard to justify economically.

Chlorophyll fluorescence and NIR techniques are new
approaches to evaluating seed quality. Both techniques are
nondestructive and instantaneous and offer excellent oppor-
tunities for commercial application. Chlorophyll fluorescence
depends upon changes in chlorophyll content within the seed
coat. In some agricultural species, the technique effectively
separates dead from live seeds, because chlorophyll content
changes as the seed mature—normally declining as maturity
is reached. Conifer seed physiology is such that these changes
in chlorophyll content do not occur, so the content is similar
in both dead and live mature seeds.

Near infrared technology would seem to offer the best poten-
tial for a fast, effective means of sorting seed. We think it
logical that as viability in a seed is lost, the composition of
some major biochemical component would change, although
we have found no chemical change that relates to loss of
viability. So, even though NIR has some potential for rapid
sorting of seeds on a commercial scale, we have yet to find
any relationship between scanning spectra and viability for
longleaf pine.
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SILVICULTURAL ALTERNATIVES IN A LONGLEAF PINE/WIREGRASS
WOODLAND IN SOUTHWEST GEORGIA: UNDERSTORY HARDWOOD
RESPONSE TO HARVEST-CREATED GAPS

Steven B. Jack, Robert J. Mitchell, and Stephen D. Pecot'

Abstract—Management of longleaf pine woodlands and savannas in areas that have multiple objectives including conserva-
tion of biodiversity is increasingly common on public and private lands, and various silvicultural approaches have been
proposed to meet the diverse objectives. While considerable work has investigated how alternative silvicultural systems influ-
ence longleaf pine regeneration patterns, few studies document how competing understory hardwoods respond to the
proposed silvicultural alternatives. We examined pine regeneration and understory hardwood response as part of a larger
study in a mature longleaf pine forest with replicated blocks randomly assigned one of four silvicultural treatments: control (no
cutting), single-tree selection, small-group selection, and large-group selection. Following harvest, understory woody (non-
pine) plants increased their growth more than 3-fold due to decreased competition with the pine overstory in the gap-based
approaches. This resulted in increased hardwood litter in the gaps, which subsequently resulted in fire feedbacks that
increased the potential for perpetuating hardwood domination of gaps intended for pine regeneration.

INTRODUCTION

Fire has molded forests for millennia (Bird and Cali 1998),
influencing the manner in which they are structured and regu-
lating their functions. The impact that fire has on ecosystems
is perhaps nowhere more evident than in the longleaf pine
(Pinus palustris Mill.) woodlands and associated communities
in Coastal Plain landscapes of the Southeastern United States.
Historically, longleaf pine dominated areas of the Coastal
Plain, unbroken in its range except for moist, bottomland sites
(Wahlenburg 1946). Schwarz (1907) described longleaf pine
forests as having an open, park-like appearance with a mono-
typic pine overstory and a grass-dominated herbaceous
understory. The forest was all-aged, with even-aged cohorts
regenerating in small patches formed in the largest gaps.
This forest structure is found in today’s landscape only in the
presence of frequent fire.

The species distribution, abundance, and stature of hardwoods
(Quercus and associated species) reflect interactions between
site resources and historical disturbance in longleaf pine
forests. The Southeastern Coastal Plain has been described
as Southern Mixed Hardwood forests (Kuchler 1964), oak-
hickory association (Oosting 1956), and beech-magnolia
forests (Delcourt and Delcourt 1987, Pessin 1933). All these
classifications represent the potential community outcome if
fire is suppressed for sufficient periods of time. However, even
with frequent fire many longleaf pine forests are really mixed
pine-hardwood forests (see Jacgmain and others 1999), with
hardwoods at best relegated to small sprouts as advance
regeneration on many sandhills and intermediate sites (flat-
wood sites tend to be dominated by gallberry and saw
palmetto which invade with fire suppression).

Loss of pine overstory is likely to increase the difficulty of
controlling oaks with fire and competition. Open-canopy long-
leaf pine forests have sufficient light for vigorous hardwood
development, where light rarely falls below 30 percent of full
sunlight and many sites experience > 50 percent full sunlight
(Battaglia and others 2002, 2003; McGuire and others 2001;

Palik and Pederson 1996). However, the degree that compe-
tition, especially below ground, from adult pines regulates
oak development has been little studied.

Gap-based approaches to management of longleaf pine
forests have been suggested as a way to mimic natural
disturbance patterns, allowing for regeneration to develop
and for the use of frequent fire (Boyer and Peterson 1983).
Recommended gap sizes in these approaches are based
upon the idea that longleaf pine is an intolerant species
(Boyer 1990) and can only be regenerated in large openings
(Brockway and Outcalt 1998). However, fire behavior in
created gaps may be altered by a lack of needles and greater
hardwood litter, initiating feedbacks that discourage fire and
increase the dominance and growth of fire-sensitive species
(Williams and Black 1981).

To better understand how silvicultural alternatives influence
pine seedlings and oaks in the understory, we harvested a
second-growth longleaf pine woodland using single-tree
selection and two group selection approaches (Battaglia and
others 2002, 2003; Jones and others 2003; Palik and others
2003; Pecot and others 2006). The objective of this work, which
was part of a larger study, was to investigate the manner in
which longleaf pine interacts with hardwood sprouts and
longleaf pine seedlings across ranges of pine stocking and
gap sizes.

METHODS

Study Site

The research was conducted at the Joseph W. Jones Ecolog-
ical Research Center in southwest Georgia on the Coastal
Plain region of the Southeastern United States. The climate
is subtropical with mean daily temperature ranging from 11 °C
to 27 °C. Annual precipitation averages 132 cm/year, evenly
distributed throughout the year. Soils of the study site are of
the Orangeburg series, a fine-loamy, siliceous, thermic typic
Paleudult. The site is dominated in the overstory by 70- to
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90-year-old second-growth longleaf pine and in the under-
story by a species-rich groundcover, including wiregrass
(Aristida stricta Michx.) (Kirkman and others 2001).

Treatment Design

The study design was described previously (Battaglia and
others 2002, 2003; Jones and others 2003; Palik and others
2003) and incorporates four overstory removal treatments
assigned randomly within three 2.5-ha blocks (3 replications).
The four treatments were (1) uncut control and basal area
reduction through (2) single-tree selection, (3) small-group
selection (approximately 0.10-ha circular gaps), and (4) large-
group selection (approximately 0.20-ha circular gaps). In
each cut treatment, residual overstory basal area was similar.
All trees > 10 cm d.b.h. were surveyed into Universal Trans-
verse Mercator (UTM) space. Next, we calculated an overstory
abundance index (OAl) for all locations on a 1 x 1 m grid. OAl
is a distance-weighted measurement of basal area within a
circumscribed area (Jones and others 2003, Palik and others
2003, Stoll and others 1994). We chose 15 m as the radius
for our circumscribed area (Jones and others 2003, Palik and
others 2003), since most overstory effects of longleaf pine on
plant responses are observed within that distance (Brockway
and Outcalt 1998, McGuire and others 2001). A total of 300
plots were established that spanned the range of OAI (data-
set A). Next, we established 60 additional plots to test the
influence of overstory effects on hardwood populations
(dataset B). In each large-group selection treatment area, we
established 10 plots (4m x 2m) in a randomly selected gap.
For each gap, four plots were established within the intact
(uncut) savanna matrix, four at the gap edge, and two in the
gap center. In each control treatment area, we also established
10 plots that had similar OAI values to those plots in the
large-group selection treatment areas. We randomly chose
half of the plots in each stand to receive a trenching treatment
which prevented overstory roots from regrowing into the plot
area over time (Pecot and others 2006). For datasets A and
B, we planted 10 1-year-old containerized longleaf pine seed-
lings, evenly distributed in the central portion of each subplot.
Finally, we examined the spatial response of hardwood bio-
mass in 2 randomly selected gaps in each of the small- and
large-group treatment areas (dataset C). We established plots
in 4 cardinal directions at 0, 1, 2, 4, 6, 8, 12, and 15 m from the
gap edge in the small gap with an additional location (25 m
from gap edge) in each large gap, for a total of 816 plots.

Sampling

For dataset A, seedling survival was assessed monthly
throughout the duration of the study (February 1999 to
December 2001). In December, 2001, we measured total
(above- and below-ground) seedling biomass in 40 randomly
selected plots. For each seedling, we measured root-collar
diameter and height to the top of the bud to the nearest 0.1 mm.
We then carefully excavated and collected each root system.
Seedling components were dried at 70 °C to a constant mass
and weighed. In addition, we measured diameter at 1 cm
height and height to the top of the stem for all hardwoods in
a 0.75-m? circular area at each of these plots and used a
locally derived equation to predict biomass from d2h. For
dataset B, we measured diameter at 1 cm height and height
to the top of the stem for every hardwood stem in a 0.75-m?
circular ring randomly placed in each of the small and large
gaps and calculated biomass using the same equation as in
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dataset A. For dataset C, we measured the aboveground
portion of all understory hardwoods 2 years after trenching
installation. These plants were clipped at ground level, dried
at 70 °C to a constant mass, and weighed. Mean plot
biomass (datasets A and B) and mean biomass of the four
cardinal directions at each gap location (dataset C) were
calculated.

Data Analysis

Prior to stand-level analyses, we weighted each plot measure-
ment to reflect the importance of that particular plot in the
treatment area to improve the estimate of stand means. The
weights were the proportions of grid points falling in each of
five OAI classes, calculated separately for each treatment
area. Prior to all analyses, we determined if each variable
met the assumption of a normally distributed variable and
transformed them as necessary. Statistical differences for all
tests were accepted as significant at .<0.05 (SAS for Windows
v. 9.1, SAS Institute, Inc., Cary, NC, USA). Regression anal-
ysis was used to test for effects of overstory abundance on
seedling and hardwood biomass (dataset A). We used a
randomized-block, mixed-models analysis of variance (Littell
and others 1996) to test for treatment effects (weighted to
stand level) on seedling biomass and survival and hardwood
biomass. For dataset B, we used nonlinear regression to
predict the relation