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Abstract: The effects of thinning on insects and diseases have not been thoroughly examined in southern bottomland
hardwood forests. To address this issue, a study was initiated at sites in Mississippi and Alabama. These study sites
allowed us to make observations concerning insect and disease activity 1-5 years following thinning. On all sites there
was an unthinned control and 1 or more thinned areas. Mississippi study sites received only 1 type of thinning treatment,
whereas sites in Alabama were subjected to 3 different thinning treatments: (1) light thinning to 70-75% residual stocking,
(2) heavy thinning to 50-55% of residual stocking, and (3) B-line thinning to a desirable residual stocking for bottomland
hardwoods (Putnam et al. 1960). Study sites in Mississippi were surveyed for insects and diseases before and after
thinning operations. Woodboring beetles (Coleoptera: Buprestidae, Cerambycidae, Scolytidae, and Platypodidae) were of
primary interest as some species are associated with tree mortality and wood-degrade. Signs and symptoms of pathogens
associated with rot and/or decay were tabulated. Potential effects of insects and diseases should be of interest and concern
to resource managers. We report here on the numbers of insects and diseases recorded during individual tree surveys,
as well as on the results of insect sampling conducted in thinned and unthinned stands. Observations on tree wounding,
as a result of thinning, are reported. Conclusions and hypotheses will be drawn and stated as to the management and

ecological significance of these findings. Directions for future investigations also will be recommended.

Keywords: disease, pathogens, thinning, tree wounding, woodboring beetles.

Management of hardwood forests in the
southern USA is intensifying, as economic opportu-
nities increase. Conversely, forest management activ-
ities are, at the same time, becoming less intense in
other areas as societal values are considered. In
particular, interests in ecosystem management,
forest health, and habitat restoration are increasing.
There also is considerable interest in the sustain-
ability of southern forests for purposes of producing
fuel, fiber, lumber products, and chemicals. As a
result of these latter interests, and in connection
with broader ecological interests, the effects of har-
vesting, periodic flooding (including greentree reser-
voirg), and fire are of concern (Nebeker et al. 1998).
In each case, insects and disease-causing organisms
have increased or decreased opportunities to affect a
residual stand as various physiological stresses are
added to or removed from the system. Consequently,
there is a growing demand to understand these
complex relationships.

* E-mail: enebeker@entomology.msstate.edu

The relationship between silvicultural practices,
(e.g., thinning, and pest organisms including insects
and diseases) has been investigated extensively in
pine forests but to a lesser degree in hardwood forests.
Thinning guidelines, with pest management recom-
mendations, have been developed for pine stands
(Nebeker et al. 1985). Similar information regarding
the broader effects that silvicultural practices have
on assemblages of pest species populations within
southern bottomland hardwoods is lacking.

Our objective was to investigate the potential
positive and negative aspects of thinning southern
bottomland hardwood stands in relation to insect
and pathogen populations. Of critical interest were
the effects on the residual stand resulting from insect
damage and diseases that develop as a consequence
of thinning practices. This is especially important
with the increasing economic opportunities now
developing in southern forests. The effect of stand
modification practices on current or potential pest
problems will be discussed with respect to current and
past research concerning insects and diseases. Man-
agement approaches will be suggested that will help
minimize losses from insects and diseases.
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STUDY AREAS

This study was conducted in 4 bottomland
hardwood stands located in northeastern and south-
western Mississippi and western Alabama. Two study
sites were established in Mississippi; 1 within the
Delta National Forest (Sharkey County) and a second
on a privately owned bottomland hardwood stand in
Monroe County. Thinning treatments at both sites
were performed in 1997. In Alabama, 2 study sites
were established in bottomland hardwood stands
on land owned by Gulf States Paper Corporation.
The Alabama sites were located near Aliceville in
Pickens County and Demopolis in Marengo County.
Thinning at the Aliceville site took place September
1994, while thinning treatments near Demopolis
were performed September 1995.

METHODS

Plot Design and Thinning Treatments

At the Delta National Forest, 2 rectangular
0.96-ha treatment areas were established in Com-
partment 38. Treatments consisted of an unthinned
control and a commercial thinning. Both treatment
areas were divided into four 0.24-ha measurement
subplots and surrounded by a 19.8 m buffer strip.
Measurement subplots were further subdivided into
6 square 0.04-ha sectors for ease of measurement.
Corners of all sectors and of the measurement subplot
were permanently marked with PVC pipe driven into
the ground. All 48 sectors were established and
inventoried prior to the commercial thinning. The
second Mississippi study site in Monroe County
had been thinned in 1997, with the remainder left
unthinned (control). No measurement plots were
established at this site and stands were simply iden-
tified as unthinned or thinned.

At each of the 2 study sites in Alabama, 12 rect-
angular 0.8-ha treatment plots were established as
previously described by Meadows and Goelz (1998).
One 0.24-ha measurement subplot was established in
the interior of each treatment plot and was surrounded
by a 19.8 m wide buffer strip. Each measurement
subplot was divided into 6 0.04-ha® sectors for ease of
measurement. All corners were permanently marked
with PVC pipe driven into the ground. Thinning
intensity was defined by 3 levels of residual stocking,
based on the stocking guide for southern bottomland
hardwoods developed by Goelz (1995). The study
consisted of an unthinned control and 3 treatments:
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(1) light thinning to 70-75% of residual stocking; (2)
heavy thinning to 50-556% of residual stocking; and
(3) B-line thinning to a desirable residual stocking
following partial cutting in well-managed, even-aged
southern bottomland hardwoods, as recommended
by Putnam et al. (1960). The thinning operation
(Meadows and Goelz 1998) consisted of a combination
low thinning and improvement cutting in which the
objective was to remove most of the pulpwood-sized
trees as well as sawtimber-sized trees that were
damaged, diseased, of poor bole quality, or of an
undesirable species. Hardwood tree classes, as origi-
nally defined by Putnam et al. (1960) and modified by
Meadows (1996), formed the cutting priority for each
treatment. Trees were removed from the cutting
stock and cull stock classes first and then from the
reserved growing stock class, if necessary, until the
target residual stocking was met.

Pre-thinning inventory

Pre-thinning inventory determined tree species
composition, initial stand density, insect activity,
and numbers of diseases. The following variables
were measured on all trees greater than, or equal
to, 13.75 cm diameter at breast height (dbh): species,
dbh, crown class, tree class, vigor classes, number of
epicormic branches, length and grade of sawlogs, and
number of insect and disease signs and symptoms.
Locations of sample trees within their respective plots
were recorded using an x-y coordinate system. An
individual number was painted on each tree at about
breast height (bh), and a tag was nailed to the base
of each tree. A dot also was painted on each tree at
bh to assure consistency in measuring dbh. Primary
tree species in the areas are sweetgum (Liquidambar
styraciflua), willow oak (Quercus phellos), Nuttall oak
(Q. nuttallii), cherrybark oak (Q. pagoda), southern
red oak (@. falcata), Shumard oak (Q. shumardii),
shagbark hickory (Carya ovata), mockernut hickory
(C. tomentosa), sugarberry (Celtis laevigata), and
various elms (Ulmus spp.). Other species scattered
throughout the stands included white oak (. alba),
swamp chestnut oak (Q. michauxit), overcup oak (Q.
lyrata), and green ash (Fraxinus pennsylvanica).

Post-thinning Inventory

Post-thinning inventory was conducted in the
same manner as the pre-thinning inventory except
that additional data were collected concerning
thinning related wounding to the canopy, upper-
bole (above bh), lower-bole (below bh but above the
root collar zone), root collar, and roots. Commonly
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Table 1. Percentages of total numbers of trees, insect borer
wounds, and disease indicators (signs and symptoms), by tree
species, resulting from the summer 1997 pre-treatment survey of
the unthinned plot and the plot designated to be thinned in
Compartment 38 of the Delta National Forest, Mississippi, 1997.

Percent of Percent of
Percent of total borer total disease

Tree Species total trees  indicators indicators
Unthinned plot
Sweetgum 51.7 1.3 244
Willow oak 28.3 59.9 46.3
Nuttall oak 9.2 28.3 14.6
Sugarberry 54 0 9.8
Other 5.4 104 4.9
Plot designated to be thinned
Sweetgum 47.4 8.7 10.7
Willow oak 294 39.1 714
Nuttall oak 6.6 394 71
Sugarberry 54 0 0
Other 11.4 12.8 10.7

encountered insect signs and symptoms consisted of:
insects themselves in various life stages, frass, bore
holes, boring dust, scarring (resulting from callus
tissue growing over entrance or exit holes), and
galleries. Disease signs and symptoms commonly
seen included slime flux (weeping or oozing indicative
of bacterial wetwood), stained wood, fruiting bodies
such as conks and mushrooms, cankers, and
fungal mats.
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a month from August to October 1997 at the Delta
National Forest only. Insects collected from both
sites were sorted and stored in vials containing
70% ethanol. Specimens belonging to specific
woodboring beetle families were removed from
the samples and identified to species. Families of
interest included the Cerambycidae (longhorned
beetles), Buprestidae (metallic woodborers), Sco-
lytidae (bark beetles), and Platypodidae (ambrosia
beetles).

Diversity indices were calculated to char-
acterize the assemblages of woodboring beetles
collected from the unthinned and thinned stands at
both study sites. Indices applied were the Shannon-
Weiner index (designated as H’; Magurran 1988)
and evenness (designated as J’; Pielou 19686).
Statistical differences between the 2 stands in
terms of the diversity indices were tested following
Hutcheson (1970) and procedures from Zar (1996).
The coefficient of community (Pielou 1974) was cal-
culated to compare species assemblages between
unthinned and thinned stands. Percent similarity
also was calculated to compare species abundance
between unthinned and thinned stands. Larval
host preferences were determined for the collected
woodboring beetles species from Yanega (1996),
Solomon (1995), MacRae (1991), and Wood (1982).

Table 2. Comparison of pathogens evident 1 year before (pre) and

after (post) thinning in stands designated as unthinned and thinned

Insect Sampling and Analysis

in Compartment 38 of the Delta National Forest, Mississippi, 1998.

Townes-style Malaise traps were installed

in unthinned and thinned stands at both the Disease type and species Unthinned Thinned
D?Ita National Forest and Mo.m'oe County sites, Pre Post Pre Post
with 1 trap per stand. Malaise traps are tent-  Canker decay, heartwood decay
like structures that passively trap flying insects Inonotus hispidus 3 2 3 0
i i 11
ar.ld fum.lel. them up into a collfectlng hegd filled Root and butt decay ] 0 0 0
with a killing agent/preservative. Malaise trap Ganoderma lucidum 0 0 0 1
were chosen due to their efficiency in collecting Inonotus spp. 0 0 0 1
low-flying beetles (Hutcheson 1990), and their Unidentified pathogen 3 5 10 2
ability f:o pr9v1de characteristic beetle samples Heartwood decay
of specific sites (Hutcheson and Jones 1999). Schizophyllum commune 0 0 0 2
Woodboring beetles were sampled at the Delta Stereum gausapatum 0 0 0 2
National Forest from 20 August to 9 October
X e X Dead wood decay
1997 shortly following thinning. Sampling at Trichaptum biforme 0 0 0 1
the Monroe County site was conducted from Stereum hirsutum 0 0 0 4
1 April to 31 October 1998, 1 year following
L. . . Wetwood
thinning. The collecting heads of all Malaise Various anaerobic bacteria 1 4 0 1
traps were filled with 70% ethanol as a killing
agent/preservative. Traps at both sites were  Total disease types 3 3 2 4
serviced at 1-2 week intervals. Black-light Total individuals 8 1 13 14

traps also were utilized and were run 1 night
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Table 3. Post-treatment tree species composition and distribution of insect and disease signs and symptoms, along with
proportions of individuals affected within each tree species, in parentheses, in control and thinned plots in Compartment 38

of the Delta National Forest, Mississippi, 1998.

% total of trees

% total of insect borer indicators

% total of disease indicators

Tree Species Control Thinned Control Thinned Control Thinned
Sweetgum 517 34.0 4.7(8.1) 35(6.7) 18.2(0.8) 7.1(3.3)
Nuttall oak 9.2 8.0 37.0(72.7) 45.2(71.4) 18.2(9.1) 35.7(42.3)
Willow oak 283 46.6 42.6(45.6) 47.8(46.3) 36.4(2.9) 57.2(12.2)
Sugarberry 54 34 5.3(7.7) 0 9.0(7.7) 0
Other® 5.4 8.0 10.4(15.4) 3.5(14.3) 18.2(7.7) 0
Total 240 88 319 115 11 14

“Eastern cottonwood, common persimmon, green ash, honeylocust, overcup oak, American elm

RESULTS

Pre-thinning Inventory

A survey of the study area on the Delta National
Forest prior to thinning revealed no differences in
total numbers of trees, insect signs and symptoms, or
disease signs and symptoms between the unthinned
and thinned areas. A total of 469 trees were inven-
toried and numbered. Sweetgum, willow oak, Nuttall
oak, and sugarberry were the dominant species in
the study area (Table 1). Insect signs and symptoms
totaled 742 with 374 borer holes on 240 trees in the
unthinned plot and 368 borer holes on 228 trees in the
thinned plot. Disease signs and symptoms totaled 69,
with 59% being associated with the trees in the control
treatment. Two well-developed decay diseases (caused
by Ganoderma lucidum and Inonotus hispidus) and
bacterial wetwood infections were in the stand prior
to thinning. Willow and Nuttall oaks made up about
36% of the stands on each plot type but had 61% to
88% of the insect and disease indicators (Table 1). By
comparison, sweetgum occupied approximately 50% of
each type of plot yet sustained less than 25% of the
insect and disease indicators.

Post-thinning Inventory

Wounding—Wounding to the residual trees may
occur during any entry into a stand. Generally, this
occurs when a harvested tree falls into a residual
tree, or when logging equipment causes damage to
the residual stems. The scraping and removal of bark
exposing xylem is typical of logging damage.

A “turn tree” (residual tree around the base of
which a log is dragged) is a good example of typical

basal wounding. The wounds provide places for
insects to enter and serve as infection courts for
pathogens.

Extensive wounding resulted from the thinning
operation in the Delta National Forest. In the thinned
plots, 84% of the residual stems were damaged in
some way. Of the total wounds, 53% were on the
lower-bole (basal wounding), followed by root damage
(28%), root collar wounding (16%), upper-bole
wounding (2%), and branch wounding or breakage
(1%). Wounding of the roots, root collar, and lower
bole was generally caused by logging equipment or
was the result of tree removal (e.g., “turn trees”).
Wounding to the upper-boles and branches occurred
as cut trees fell into residual trees. During subse-
quent surveys of these study sites, wounds will be
monitored for additional insect and disease activity.

Thinning related damage tothe sitesin Alabama
was less, totaling 44 and 61 harvest related wounds
at the Aliceville and Demopolis sites, respectively.
At the Aliceville site, 43.2% of the wounds were in
the light thinning treatment and 27.3% and 29.5%,
respectively, in the Putnam and heavy thinning
treatments. The greatest harvesting damage at the
Demopolis site was in the heavy thinning treatment
where 41% of harvesting related wounds were
observed, followed by 31.1% in the Putnam treatment,
and 27.9% in the light thinning treatment.

Insect and Disease Survey— All numbered
trees in the unthinned and thinned plots were
examined in November 1998 on the Delta National
Forest, March 1998 at Demopolis, and March 1999
at Aliceville for signs of insects and diseases. One
year after thinning on the Delta National Forest,
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Table 4. Tree species composition of control and thinned plots at the Aliceville (1999} and Demopolis {1998),

Alabama sites.
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forest compartment surrounding
the study plots is the subject of

% total of trees - Aliceville

% total of trees - Demopolis

a related study (Meadows et al.

Tree species Control Light Putnam  Heavy Control Light Putnam  Heavy 2002)

Sweetgum 23.7 12.0 6.0 13.2 252 252 19.2 221 Of the 434 borer holes caused
Green ash 13.1 40 104 33 47 102 3.8 105 .

Mockemut hickory 131 380 85 264 43 31 6.7 12 by insects, 319 were recorded on
Shagbark hickory 6.7 9.3 12.0 9.9 2.4 6.3 77 12 : :

Cherrybark oak 137 13.3 38.7 15.3 47 9.4 163 163 87 trees in the unthinned plot
Swamp chestnut oak 0 0 0 0 138 95 10.6 9.3 and 115 were noted on 27 trees in
Water aak 38 34 12.8 44 55 95 9.6 105 .

Willow aak 24 40 25 121 205 87 173 128 the thinned plot (Table 3). Even
Other® 237 16.0 1.1 15.4 189 181 8.8 16.1 though the number of total borer
Total trees 3290 1500  117.0 910 2540 1270 1040  86.0 holes was less in the thinned plot,

*American elm, blackgum, flowering dogwood, ironwood, red maple, red mulberry, sassafras, laure! oak,

overcup oak, southern red oak.

logging wounds on some trees showed evidence of
incipient pathogen activity (Table 2), and some had
entrance holes caused by woodborers, most notably
by ambrosia beetles (Platypus spp.). There were 11
occurrences of G. lucidum, I spp., Schizophyllum
commune, Stereum gausapatum, S. hirsutum, or
Trichaptum biforme on year-old logging wounds.
Stereum hirsutum and T. biforme, unlike the other
4 fungi, are saprophytic on dead wood. Many of the
logging wounds at tree bases varied in size from 1000
cm? or larger and had exposed, dead wood.

Ratio of disease indicators per total number of
sample trees was 4.6% (11/240) on the unthinned
plot and 15.9% (14/88) on the thinned
plot. New infections accounted for the
difference in the number of disease types
between the unthinned (3) and thinned

the number of borer holes per
sample tree increased from 3.7 in
the unthinned plot to 4.3 in the
thinned plot. This is an indication
of the number of new insect borer attacks on logging
wounds. Bacterial wetwood in oaks can often be
diagnosed because of the slime flux cozing from wood
borer attacks. New borer attacks are either not of the
type usually associated with wetwood, or have not
advanced to the point where the infections begin to
ooze out of the holes.

The tree species composition following thinning
treatments is presented in Table 4 for the study sites
in western Alabama near Demopolis and Aliceville.
These sites provide an excellent opportunity to
examine insect and pathogen activity 3 and 5 years,
respectively, after thinning treatments. Disease

Table 5. Post-treatment survey of insect and disease signs and symptoms at the
Demopoilis, Alabama site, 1998.

(4) plots, as well as the difference in per-

T . . g % total of % total of

centages of individual disease indicators Treatment _ insect borer indicators  Number di indicators Number

between plot types (Table 2). Control 59.0 924 46.7 14

The increased number of infection | gnt 17.0 267 10.0 3

courts resulted from logging damage  pynam 186 181 26.6 8

incurred the previous year. Of the 25  peavy 124 195 16.7 5
disease indicators recorded on the Delta

Total 1567 30

National Forest in the unthinned and

thinned plots, 76% (19/25) occurred
on willow or Nuttall oaks (Table 3). A
similar finding (68%; 47/69) was noted

Table 6. Post-treatment survey of insect and disease signs and symptoms at the
Aliceville, Alabama site, 1999.

in the pre-treatment data (Table 1).

Data in Table 2 also show the effect % total of % total of
thinning had on controlling disease. Treatment  insect borer indicators  Number disease indicators Number
Three I. hispidus infections were  Control 433 324 65.6 2
removed from the thinned plots, and 2  Light 15.8 18 156 5
of the 10 unidentified rots (basal rots  Putnam 25.0 187 6.3 2
with no apparent fruiting bodies), also  Heavy 159 119 125 4
were eliminated. The use of thinning to 14, 748 22

control hispidus cankers from the larger
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Table 7. Post-treatment distribution of insect and disease signs and symptoms, along with the proportion of individuals affected within each tree
species, in parentheses, in control and thinned plots at the Aliceville, Alabama site, 1998.

Insect signs and symptoms

Disease signs and symptoms

Tree species Control Light Putnam Heavy Control Light Putnam Heavy
Sweetgum 0 5.9(11.1) 0 0.8(8.3) 20.0(5.1) 25.0(11.1) 0
Green ash 2.5(11.6) 0 3.7(57.1) 0 20.0(9.3) 0 0 20.0(33.3)
Mockernut hickory 2.2(16.3) 13.6(10.5) 2.7(57.1) 0.8(4.2) 10.0(4.7) 25.0(10.5) 0 20.0(4.2)
Shagbark hickory 0 1.7(7.1) 4.7(21.4) 1.7(11.1) 0 0 0 0
Cherwbark oak 55.8(71.1) 51.7(75.0) 44.4{60.5) 17.6(42.9) 5.0(2.2) 25.0(75.0) 0 0
Water oak 25.6(83.3) 14.4(40.0) 34.8(80.0) 21.8(100.0) 0 0 100.0(40.0) 0
Willow oak 9.3(62.5) 3.4(42.9) 2.7(66.7) 44.6(81.8) 5.0(12.5) 0 0 20.0(8.1)
Other® 4.6(19.6) 9.3(23.6) 7.0(50.0) 12.7(63.6) 40.0(16.3) 25.0(23.5) 0 40.0(18.2)

Blackgum, flowering dogwood, ironwood, red maple, overcup oak, red mulberry, sassafras, southern red oak, white oak.

Table 8. Post-treatment distribution of insect and disease signs and symptoms, along with the proportion of individuals affected within each tree
species, in parentheses, in control and thinned plots at the Demopolis, Alabama site, 1999.

Insect signs and symptoms

Disease signs and symptoms

Tree species Control Light Putnam Heavy Control Light Putnam Heavy
Sweetgum 0.5(7.8) 1.1(6.3) 0.6(5.0) 0 20.0(3.1) 0 12.5(14.3) 0
Green ash 0.1(8.3) 1.1(15.4) 0 1.0(11.1) 0 33.3(7.7) 0 0
Mockernut hickory 0.3(27.3) 0.8(25.0) 1.7(28.6) 0 10.0(18.2) 0 12.5(14.3) 0
Shagbark Hickory 0.1(16.7) - 0 0 G 10.0(16.7) 0 12.5(12.5) 0
Cherrybark oak 4.0(41.7) 13.9(66.7)  13.8(23.5) 9.2(35.7) 20.0(16.7) 0 12.5(5.9) 20.0(7.1)
Swamp chestnut oak 18.5(74.3) 9.8(50.0) 12.7(45.5) 12.4(50.0) 10.0(2.9) 0 12.5(9.1) 0
Water oak 22.8(100.0)  33.1(91.7) 33.6(66.7) 56.4(77.8) 0 33.3(8.3)  37.5(30.0) 20.0(11.1)
Willow oak 44.8(78.8) 27.1(100.0) 34.8(50.0) 16.9(72.7) 10.0(1.9) 0 0 60.0(9.1)
Other® 89(3.0)  13.1(42.9)  2.8(60.0)  4.1(50.0) 20.0(7.0) 33.3(4.8) 0 0

*American elm, blackgum, ironwood, red maple, laurel oak, overcup oak, red mulberry, sassafras, white oak.

indicators were greatest in the control plots (Tables
5 and 6). During the thinning operation most of the
diseased trees were removed, and with the limited
logging damage, subsequent pathogen activity has
been minimal. Insect borer indicators follow a similar
trend (Tables 5 and 6) with the greatest activity in the
control plots. Nearly twice as many borer indicators
were observed at the Demopolis site compared to the
Aliceville site, this being attributed primarily to tree
species composition. The greater incidence of borer
indicators was observed on the oak component of the
stands (Tables 7 and 8).

Insect Trapping

At the Delta National Forest, a total of 1,371
individuals representing 21 species were collected
from the thinned stand, and a total of 172 individuals
representing 14 species were collected from the
unthinned stand (Table 9). Cerambycids dominated
Malaise trap samples of woodboring beetles. From
the Monroe County site, a total of 536 individuals
representing 56 species were collected from the
thinned stand, and a total of 144 individuals repre-
senting 33 species were collected from the unthinned
stand (Table 10).



























