Communicating the Role of Silviculture
in Managing the National Forests

Proceedings of the National Silviculture Workshop

May 19-22, 1997

Warren, Pennsylvania

€« "R B—

Foreword

The 1337 National Silviculture Workshop was held in
Warren, Pennsylvania, and hosted by the Allegheny
National Forest, Region 9, and the Northeastern
Forest Experiment Station. This was the latestin a
series of biennial workshops started in 1973, in
Marquette, Michigan. The theme of this workshop was
“Communicating the Role of Silviculture in Managing
the National Forests”

The communication theme is especially timely and
critical for several reasons. First, the Forest Service
has been practicing good silviculture for several
decades, but we have not done a good job of
communicating that fact to our publics and customers.
Second, the skills and capabilities of our silviculturists
have often been overlooked both internally and
externally. And finally, we need to communicate the
importance of developing and following scientifically
sound silvicultural practices as we move toward an
ecological approach to the management of the
national forests.

An excellent field trip to the Allegheny National Forest
and the Kane Experimental Forest was hosted by
Allegheny National Forest and Northeastern Station
personnel. The field trip gave the participants an
opportunity to observe and discuss forest research

and management activities and how they might be
used to demonstrate how silviculture can be used to
achieve a variety of desired forest conditions.

The need for silviculturists to communicate their role
and the role of silviculture in the current management
of naticnal forests is critical. This was discussed in an
open forum at the workshop and a team of NFS
(National Forest System) and Research people was
assigned to address this need and develop a strategy
to deal with it.

The Washington Office Forest Management (WO-FM)
and the Forest Management Research (WO-FMR)
staffs appreciate the efforts of our hosts in
Pennsylvania. Special acknowledgment is made to
Chris Nowak, Jim Redding, Susan Stout, Wendy Jo
Snavley, and Kathy Sweeney, Northeastern Station;
Robert White, Steve Wingate, and Lois Demarco,
Aliegheny National Forest; and Monty Maldonado,
Eastern Region, for their leadership and support in
planning, arranging, and hosting the workshop. Also
commended are the speakers for their excellent
presentations; the poster presenters; the moderators
who ied the sessions; the 130 participants from
Research and NFS from all over the country; and the
special guests who participated in the workshop.

Dennis Murphy
Forest Management
Washington, DC

Nelson Loftus
Forest Management Research
Washington, DC
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Preparing for the Gypsy Moth — Design and Analysis for Stand Management
orr Run, Wayne National Forest

J. . Colbert, Phil Perry, and Bradiey Onken'

Abstract.—As the advancing front of the gypsy moth
continues its spread throughout Ohio, silvicuiturists on the
Wayne National Forest are preparing themselves for

nataniing cngmes o i H
potential gypsy moth outbreaks in the coming decade.

Through a cooperative effort between the Northeastern
Forest Experiment Station and Northeastern Area, Forest
Health Protection, the Wayne National Forest, Ohio, is
utilizing computer models to identify high-risk stands and
evaluate the predicted outcome of several management
options. The efforts involve the Stand-Damage Model, a
portion of the Gypsy Moth Life System Model and GypsES, a
gecision support system that provides the transport and
storage medium for the forest inventory data used in analysis
and stand mapping capabilities. The process invoives
identifying high-risk stands and simulating development of
these stands forward from the inventory year to 1997. A
series of three simulations were designed to assess the
range of possible tree mortality from none, 1o light, to heavy
outhreak scenarios. if a stand contains sufficient growing
stock, a simulated pre-salvage thinning was conducted using
two allernative criteria. Stands with a relative stand density
greater than 70 percent were cut to 60, and stands with
relative stand density greater than 90 percent were cut to 80
percent. Results are given in terms of stem counts, basal
area, volumes, and present dollar values. Resulis show the
savings that could be expected if outbreaks occur following
these silvicultural treatments and help to prioritize treatment
schedules. The results will be used in the decisionmaking
process, are documented in an Environmental Assessment
as a means to inform the public as 1o the consequences of
each proposed alternative, and will be used in the
implementation of site-specific management alternatives.

INTRODUCTION

Gypsy moth (Lymantria dispar L.) has been spreading from
its origin of introduction into North America and is currently
established in western Pennsylvania, most of West Virginia,
and northeastern Ohio (Liebhold et al. 1997). Gypsy moth is
expected to become established in and around the Wayne
National Forest in the coming decade: 1998-2007 (Fig. 1).
New gypsy moth populations cause significant damage, due
in part to the lack of co-establishment of its full natural
enemy complex, It is expected that losses will occur in Ohio
similar to those found over the past two decades in western
Pennsyivania. The part of the Wayne National Forest that is
of greatest concern to the forest silvicultural staff is the Dorr
Fun Area because this area has the highest proportion of

‘Aesearch Mathematician, Northeastern Forest Experiment

tation, 180 Canfield St., Morgantown, WV, Forest
Sitviculturist, Wayne National Forest, 219 Columbus Road,
Athens, OH; Entomologist, Northeastern Area State &
Private Forestry, Forest Health Protection, 180 Canfield St.,
Morgantown, WV, respectively.
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high-hazard stands. The Dorr Run Area is located on the
Athens Ranger District in Green and Ward Townships,
Hocking County, Ohio, in the unglaciated Allegheny Plateau.

Because of the dense stocking, growth has slowedon a
large number of trees. Gypsy moths have been trapped at
increasing rates in Hocking and surrounding counties for
several years. It is expected that gypsy moths couid have a
serious impact in this area because of the high proportion of
vak and other preferred species and the generally over-
stocked and low-vigor conditions that exist in many of the
stands. Some mortality of oak trees is beginning to ocour
from shoesiring root rot (Armillaria melfea } and twolined
chestnut borer (Agrilus bilineatus ).

Land management objectives for the Dorr Run Project Area
are described in the Wayne National Forest Land and
Resource Management Plan (USDA Forest Service 1988%).
The objectives for this management area are to maintain
wildlife habitat diversity, provide high-guality hardwoods on a
sustained yield basis, provide various dispersed recreation
opportunities, and provide off-road vehicle use.

Because of the foregoing forest health conditions and to
implement the Land and Resource Management Plan, the
Dorr Run Area was selected for analysis and development of
vegetation management proposals. The purpose and need of
the Dorr Run project is to maintain and improve forest health.
Thomas (1996} characterized healthy forests as “...those
where biotic and abiotic influences do not seriously threaten
resource management objectives, now or in the future, nor
do resource management activities seriously threaten
sustainability or biodiversity”

This project was a joint effort among all three branches of
the USDA Forest Service. The Wayne National Forest was
interested in determining what damage could occur from
gypsy moth defoliation. There was interest in using the
results of the Gypsy Moth Stand-Damage Model! in an
environmental analysis to explain to the public what the
potential damage could be from gypsy moth defoliation for
each of the alternatives. In addition, the data produced for
individual stands would be valuable in prescribing silvicultural
treatments and developing marking guidetines for specific
stands. Research was interested in this project to
demonstrate new modelling technology and to investigate a

2y, 8. Department of Agriculture, Forest Service. 1988. Land
and Resource Managemerd Plan: Wayne National Forest. As
amended. Wayne Nationai Forest, 219 Columbus Road,
Athens, OH 45701-1398.

Thomas, Jerome. 1886, 3400 Memo of 1/25/96 on Southern
Tier Forest Health Conference Call Summary. USDA, Forest
Service, Eastern Region. 310 W, Wisconsin Ave., Rm. 800,
Mitwaukes, Wi 53203.
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Figure 1.—Area currently infested with gypsy moth, as of 1994, and the location of the Wayne

National Forest in southeastern Ohio.

significant problem using current inventory data from the
Wayne Naticnal Forest. Moreover, there is a need fo
constantly validate models. We will be able to compare these
predicied results to later actual management practices and
defoliation effects, extending our knowledge of the
geographic and ecological range of model! applicability. State
and Private Forestry's role is to coordinate befween national
forests and the research branches of the Forest Service, and
to assist in the collection, management, and transfer of data
used to support forest health assessmenits. Forest Health
Protection’s mission is to disseminate information based
upon research that can be utilized not only in the management
of national forests, but also on state forests and private lands.

The Environmental Assessment for the Dorr Run Project
Area states that the purpose of silvicultural treaiments is to
“restore vigor, shape species composition, and work toward
the establishment of the next forest” (USDA Forest Service
19974). Five alternatives were developed and analyzed in the
environmental analysis to determined how well each
alternative achieved the purpose and to analyze the effects

.S, Department of Agriculture, Forest Service. 1997.
Environmental Assessment: Dorr Run, Hocking County,
Ohio, Athens Ranger District, Wayne National Forest, March
1997. Wayne National Forest, 219 Columbus Foad, Athens,
OH 45701-1399. 98 p.

on the environment of each alternative. The analysis in this
paper was utllized in documenting the environmental
consequences of each of the alternatives. Silvicultural
treatments were proposed {o reduce damage, such as
mortality or loss of mast production, by removing highly
vulnerable trees before they are defoliated and die.

METHODS

Within the Dorr Run Project Area there are 5,183 acres of
national forest land and approximately 3,200 acres of private
{and. Thirteen forest types have been identified, and six of
these are oak-hickory forest types that total 3,231 acres or
62 percent of national forest land within the project area. In
addition there are 39 acres of aspen stands. Oaks and aspen
are preferred food species of the gypsy moth (Lisbhold et al.
1995). The remaining acreage consists of a variety of non-
oak hardwoods with a small amount of pine. Most of the
forest in this area is greater than 60 years old, and 51
percent of this is in the oak-hickory forest iypes. Site Index
{50-year black oak, Carmean et al. 1989) averaged 73.6 over
the stands included in the initial sample and ranged from 65
to 94, with mean equal to 73 scross the 24 stands used in
the final analysis.

In the Dorr Run Area, oak-hickory stands are found on the
more xeric sites located on ridgelops, middle 1o upper place
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slopes on southeast to northwest aspects, and upper
slopes on the northeast aspect. The majority of this
area is densely stocked.

Analysis was based upon compartment examination
data that are routinely coliected by Wayne National
Forest personnal. individual tree data were collected on
10 BAF vaniable-radius plots. Ths forest types used in
the analysis were [1] black oak-—scarlet oak—hickory,
[2] white oak; |3] yellow-poplar—white oak group—red
oak group; and {4] mixed oak. Chestnut oak forest type
and northern red oak forest type wers not used
because these fypes occurred on too few stands.

To assess the possible damage caused by future gypsy
moth outbreaks in the Dorr Bun Area we used a sample
of 38 stands that were well distributed across six
compartments and the four principal vak-hickory forest
types that the gypsy moth is known to find most
preferable, representing both the spatial mixture and
the ecological range of potential impacts. The available
inventory was categorize to compartment and forest
type; a balanced random sample was chosen from
within this stratification. We investigated potential losses
by producing a series of stand growth and defoliation
scenarics using the Gypsy Moth Stand-Damage Mode!
{Coibert and Racin 1898, Colbert and Sheehan 1995).
First, the model was used to grow all tree data from
previous inveniories forward through 1996 to represent
the current condition of each stand. Growth scenarios,
gach a 10-year projection, were then constructed to
estimate potential tree moriality (Fig. 2). Simulations
were run with and without defoliation and following
selected silvicultural activities simulated to take



in 1997, Figure 3 shows the heavy and light
defoliation scenarios that were used in this
analysis. Thesse scenarios are the sams

Table 1.—Stumpage price In 1997 doliars per thousand board-fest
{Source: 1995 Ironton R. D. sales, Timber Sales Staff, Wayne National Forest),

duration and intensity as those developed for Common name Scientific name Prige

loss assessments in the National Gypsy Doliars
Moth Ervironmental impact Statement White Ash Fraxinus americana L. 2:{}%5
{Northeastern Area, State and Private Black Walnut Jué!ar:@ nigralL ’ o 40'%

ey G5y Eae o airn oo 2 . A

Foresiry 1995). Each decadlo smulaion _ Yellow Poplar Liriodendron tulipifera L. 60.00
consisted of two S-year outbreak cycles. The g chary Prunus serotina Ehrh, 240.00
amount of defoliation to a particular tree White Oak Quercus alba i 150.00
fe;}er&c?%d upon its ‘?’Ca"f”“ in the stand Scarlet Oak Quercus coccinea Muenchh. 55.00
canapy and the faeding preferance of gypsy Chesinut Oak Quercus prinus L. 585.00
moth to that tree species (Liebhold et al. Red Oak Quercus rubra L 195KOG
1995). Black Oak Quercus velutina Lam. 195.00

Under each alternative a no-defoliation

scenario was used as the control o base the

effects of defoliation upon each variable, summarized to the
stand level in 2007, al the end of the simulation. Stem count,
relative density (Stout and Nyland 1986), basal area, board-
foot volume, and net present vajue were used 1o characterize
each stand. To caiculate the potential dollar losses, loral
stumpage values ($/MBF) for the most commercially
important species were determined (Table 1). All other
species were set to $35.00/MBF as the default 1997 value.
Net present values (1997) for final 2007 stumpages were
calculated using a 5 percent discount rate.

The two silvicultural alternatives chosen for this study consist
of prescribing three parameters, the second of which
depends upon the stands relative density in 1997. First, all
stems less than 6 inches are removed. Second, the residual
stand density is set either to 60 percent or to 80 percent of
full stocking, if the 1997 relative density is above 70 percent
or 90 percent, respectively. Finally, the removals are
weighted toward higher removal of smaller stemns, 20 percent
more is removed from the smallest diameter class than is
removed from the largest diameter class present and this
weight is scaled down linearly from the smallest to the
largest diameter class.

The GypsES Decision Support System is an expert system
shell and GIS to support management of gypsy moth
problems {Gottschalk et al. 19986). Besides providing access
to the tree data organized in an efficiently linked database,
this system provides access to stand level information,
which links the models directly to the database for setting
initial conditions and providing an efficient means fo
compile the 18 tables from each simulation of each stand
for each treatment into compact files for further analysis,
The menu-based selection of particular stands and
system’s ability to recall the structure and format
designations for simulation outputs made the operation of
repeated simulations much more efficient than the process
would have been otherwise.

The entries provided in the summary tables were obtained as
follows: first the totals across all trees in each stand simulation
were calculated, then the loss in each stand was calculated as
the difference between the outbreak and the no-outbreak

totals. For example, the basal area is calculated and summed

for all trees in each stand for each of the three simuiations (no
defoliation, heavy outbreak, and light outbreak), then the
difference is calculated on a stand-by-stand basis {heavy
minus none and light minus none}, and finally the mean of
these differences in basal area for each stand is pressnted
here, as the average loss in basal area. The range of variability
among the stands used in this study is also reported.

RESULTS

Three sets of alternative management scenarios were
investigated: no action, light presalvage thinning to 80
percent relative stocking, and presaivage thinning to 60
percent relative stocking (B-line). The no-action alternative
serves both as one alternative and as the basis for
comparing effectiveness of aliernate possible actions.

Neo Action Alternative

To ascertain how silvicultural manipulations aimed to
reduce potential gypsy moth impacts couid improve thase
stands, base-line information on the range of potential
impacts is needed. The first step in this process is to
simulate growth of the inventory data {o the current year
{1997} to provide equivalent starting points. Then each
stand was projected forward from 1897 to 2007 three times:
a) to estimate stand conditions in the absence of gypsy
moth; b} to assess impacts of defoliation under the jight
outbreak scenario; and ¢} under the heavy outbreak
scenario. These data provide the no-action alternative and
bounds for assessing the effectiveness of silvicultural
alternatives. By summarizing the means and exiremes
across these stands, we obtain the most probable boundary
conditions and the basis for measuring managsment
effects. Table 2 provides estimates of these conditions on a
per acre basis.

First note that these ranges are assessed independently
within each column. That is, the stand that has the smallest
number of irees lost may not be the same stand that has the
smailest stocking reduction, and both of these may be
different from the stand with the smallest basal area ioss. In
this and foliowing tables, the losses provided are due 10
defoliation of the residual stand following treatment and do
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Table 2.—Future stand conditions following heavy and light
outbreaks—Iiosses calculated from the resulls of simulations

on 38 stands.

Stand Trees Stocking Basal Volume
category lost reduction area lost  lost
Treesfacre  Percentage ft/acre MBF/acre

Heavy Qutbreak

Average 55.9 45.0 52.0 3.0

Best 44.0] 18.0 16.5 07

Worst 383.0 79.0 84.1 5.1
Light Quthreak

Average 19.5 6.8 7.7 0.4

Best 0.0 1.0 15 0.0

Worst 178.0 21.0 22.3 1.5

Note: the brackets indicate a net gain rather than a loss.

Table 3.-—Losses due to defoliation caiculated for the 24 stands that qualify
for both presalvage treatments (no presalvage thinning done).

surrounding areas. Even as the number of frees
increases In a few stands, these new trees are very
small and reprasent natural regeneration. Although tree
counts may decline minimally or increase slightly,
stocking (a measure of the trees ability to fully ocoupy
the growing space) is reduced significantly. Closely
paralleling stocking, the changes in basal area better
reflect the losses of the larger trees. The changes in
volume per acre (measured here in thousands of board-
feet [MBFY) indicate that tree values are significant.
Based on market prices as of December 1998, losses
may run as high as $381.00/acre from severs outbreaks
with an average loss of $245.10/acre,

To permit direct contrasts between silvicultural
prescriptions and no management, we again summarize
only stands that will qualify for all management
prescriptions (Table 3). To qualify for thinning to 80
percent relative stocking, a stand is
required to be at lsast 90 percent fully
stocked in 1997. In the Dorr Run Area,
24 stands meet that criteria. These more

Stand e TreRS 108t — Stocking Basal Volurmne heavily stocked stands also tend to show
category Al 06 6+ reduction arealost  lost higher average losses.
Trees/acre Percentage  fi¥acre M8F/acre To assist in review of these data, we
Heavy Outbreak provide the mean and range for trees
Average 69.1 136 555 55.4 62.2 38 lost in three classes: [1] total stemsA
Best [22.0] [64.0] 27.0 35.0 41.0 04 pount {all) [2] the small trees {!_ass than 6
Worst  383.0 3450 930 79.0 84.1 5.1 nches), and [3] largs trees (6 inches
and greater). Comparing Tables 2 and 3,
Light Outbreak one can see that the stands with lower
Average 214 108 108 9.3 10.4 06 relative stocking levels (the 14 stands
Best 20 [11.0] 1.0 2.0 2.9 0.1 dropped) would be affscted less by
Worst 179.0 177.0 240 21.0 223 1.5 dgefotiation. In these heavily stocked

Note: the brackets indicate a net gain rather than a loss.

not include the treatments themselves. These estimates
provide a view of the possible range of outcomes in
susceptible stands as gypsy moth becomes established in
the Dorr Run area. Losses of basal area can be expected to
range from a low of 20 percent to more than 80 percent in
stands heavily dominated by preferred host species, with
average losses per acre over the entire area expected {o be
above 50 square feet of basal area and nearly 3,000 boarg-
feet per acrs.

Fegenaration was included in these simulations. In the
“Trees Lost” column, the loss of frees includes the
compensation by ingrowth predictions. Understanding these
differences requires some careful interpretation and detailed
review however, because replacement trees are often a
different species from those lost, Because defoliation and
any subseguent frae mortality will inhibit both mast
product:on and stump sprouting, new irees will likely be
spacies not favored by the gypsy moth or species that
produce light seeds that can be carried into a stand from

stands, expected losses will be 20
percent higher than the general average
and volume losses are expected o
increase more than 25 percent to nearly
4,000 board-feet per acre. This demonstrates that the
potential benefits of silvicultural treatment can be substantial.

Presalvage Treatment Alternatives

Silvicultural treatment, in which the most susceptible trees
were removed, provides growing space to permit the residual
stand to become healthier and more resistant to defoliation
as growth rates increase. In the two presalvage treatments
considered in this analysis, we assumed that the trees to be
removed would be those most likely to be killed by gypsy
moth defoliation {Gottschalk 1993, Gotischalk and
MacFariane 1992). Gypsy moth tends to kill higher
proportions of the low-vigor trees. Although tree vigor ratings
have not been done in these particular stands, established
estimates of tres vigor were used from similar stands in
Pennsylvania where the rate of ree movtality was measured
as the gypsy moth established itself over the pasttwo
decades (Gottschalk e al. In press). These stands were
comparable in species composition. stand density, and siie
conditions, and it is expecied that similar patterns of
defoliation and losses will occur in the coming decade in the



Table 4 —L.osses due to gypsy moth defoliation foliowing presalvage
thinning to the 80-percent line for 24 stands that will be at least 20 percent

of fulty stocked in 1997,

due 1o severe gypsy moth defoliation. it
should be noted that these differences do
not consider those trees removad during

the thinning operations.

Stand ~— Trees lost — Stocking Basal Volume
category At 08 B+ reduction area lost lost The second optlion considered was &
Trees/acre Percentage fH2/acre MBF/acre heavi?r presalvage cut to remove more
low-vigor treas, recover more of the
Heavy Outbreak projected loss, and have a healthier
Average  [60.1] [94.2] 34.1 38.0 43.5 15 {taster growing) residual stand. In these
Best [108.1] {137.0] 18.0 30.0 34.9 20 scenarios, we considered presalvage
Worst [26.0] [57.0] 820 53.0 58.4 3.6 thinning to a level that would maximize
available growing space while
Light Outbreak maintaining recommended stocking
Average  [1.6] [26] 1.0 2.8 3.4 6.3 ievels (the B-line or 60 percent relative
Best {1e.0] (8o 1o 1.0 2.0 0.1 stocking). Of the 38 stands used in the
Worst 1.0 i0 30 5.0 57 0.5 analysis, 31 gualified for such

Nota: the brackets indicate a net gain rather than a loss.

Dorr Run area, Vigor is rated using a thres class system
{Golschalk and MacFarlane 1992) that provides significant
differences in mortality prediction power by species
groupings, canopy position, and defoliation intensity
(Gotischalk et al. in press, Colbert et al. In press). Tree vigor
rating was the single strongest predictive variable, followed
by canopy position of a tree, while species group and
defoliation showed nearly equal but slightly less significant
predictive power.

We next considered minimal intervention, removing only the
most vulnerable treas from the most heavily stocked stands.
To make that assessment, we started with the same 1897
conditions and interposed the removal of those trees that are
most likely to be killed by future gypsy moth outbreaks (trees
with dieback or poor vigor). Of the 38 sample stands, 24
were sufficiently overstocked {relative density greater than 90
percent of fully stocked, Stout and Nyland 1988) to be
considered for minimal removals to the 80-percent line.
Following the removal of those trees, we again grew the
stands forward 10 years o look for changes in the
descriptive measures provided above. Three
projections were ruri over the same 10-year period
following simulated presaivage entries in 1997 (Table 4).

management in 1887, Following this
simulated removal in 1997, we projected
stand growth through the 1898-2007
decade and again compared the
differences between the moderate and heavy outbreak
scenarios and the no-outbreak scenaric (Table 5).

This level of presalvage thinning further reduces the overall
impact of gypsy moth. It should be noted that the assumption
here has not been to reduce the severity of defoliation, but
rather to reduce the expected leve! of iree mortality by
removing trees expected o dis as a result of a gypsy moth
outbreak. Preventative treatments offer substantial economic
savings and improve the overall health of the residual forest.
Enhanced by increased growing space and nutrient
availability, both regeneration and residual trees respond with
improved growth and vigor. Furthermore, these conditions
improve the {ree’s chances 1o recover from defoliation with
minimal damage, as is demonstrated in the heavy outbreak
scenarios when we compars the average stocking among
these three fables. Loss in stocking drops from a 45 percent
loss with no management, to 38 percent when hghtly
thinned, and to a 27.6 percent loss whan these forest

Table 5.—Losses due to gypsy moth defoliation following
presalvage thinning to the §0-percent line for the 31 stands

that will be at least 70 percent fully stocked In 1997,

The stem count, basal area, and volume data used to

generate Table 4 were also used {0 generaie the “80%” Stand Trees Stocking Basal Volume
box-and-whisker plots in Figures 4-6. The most obvious category lost reduction area lost lost
effect is that removals done as presalvage thinning will

not only save residual stocking, but also will increase Trees/acre  Percentage  fi¥/acre MBFfacre
the number of trees significantly. Many of the new trees Heavy Outbreak

will be of the same species as the trees removed Average [29.5] 276 32.4 2.1
because the root systems of live cut trees will aliow for Best 180.0] 15.0 220 1.5
Stump sprouting to ocour, Note that this minimal Worst 14.0 39.0 413 2.7
presalvage harvest also saves, on averags, 18.7 it/ 4 ' ‘

acrs (62.2-43.5) of basal area and increases relative Light Qutbreak

stocking by 17.4 percent. These ranslate into a relative  Average 2.7 1.5 18 0.1
increase of 30 percent over the no action alternative. Best [4.0] 1.0 11 o.c
That is, there can be an expected saving of 30 percent  Worst 7.0 3.0 3.8 0.3

of the residual basal area that would otherwise be jost

Note: the brackets indicate a net gain rather than a oss.
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Figure 4.—Tukey box plots of predicted tree count
differences in 2007 under the three alternative silvicultural
practices. The whiskers are at 5 and 95 percent of the data
range while the boxes span the 25 to 75 percent range with
a solid 50" percentile and a dashed mean line.
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Figure 5.—Tukey box plots of basal area differences in 2007
under the three alternative silvicultural practices.

management practices are used 1o remove the most
vuinerable trees. The end result could almost double the
amount of healthy forest canopy in the average stand. To
permit direct comparisons with Tables 3 and 4, we again
summarize just the 24 heaviest siocked stands after cutting
1o the B line (Table 6).

Table 6—Losses due to gypsy moth defoliation following presalvage
thinning to the 60-percent line for the 24 stands that will be at least 80

percent fully stocked In 1997.
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Figure 6.—Tukeay box piots of standing volume differences in
2007 under the three alternative silvicultural practices.
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Figure 7.—Tukey box plots of predicted large (> 6 in.) tree count
differences in 2007 under the three aiternative silvicultural
practices.

Note that basal area and volume losses increass only
slightly over the values in Table 5. Contrasting these
averages with those of Tables 3 and 4 show that increased
intensity of presalvage thinning will increase the savings in
the residual stands, Basal area losses are reduced by 30
percent under light thinning and by 47 percent under this B-
line thinning. Throughout these analyses we have
concentrated on the standing timber and the residual stands,
not considering the revenue generated nor
any other value estimates for timber
removed during these presalvage
thinnings. The data used to generate Table
€ also were used to generate the Tukey
box-and-whisker plots labeled “60%" in

Stand — Trees lost — Stocking Basal Volume Figures 4-6.
category  Ali 0-6 6+ reduction area lost fost
Trees/acre Percentage  fi¥/acre MBF/acre e examined these resuits using analysis
of variance techniques to explore variation
Heavy Outbreak among the compartments and forest types
Average [30.2] [55.5] 253 28.8 33.0 2.2 under consideration and found no
Best [80.0} {103.0] 15.0 22.0 26.6 1.9 significant differences among
Worst [3.01 [21.0] 450 39.0 41.3 2.7 compariments. Thus, we conclude that
. these results can be applied across the
Light Outbreak area and that they represent the range of
Average 28 22 06 17 21 02 expected future impacts that gypsy moth
Best nor pop 1o 1.0 1.1 0.1 will cause as it becomes established in the
Waorst 7.0 60 20 3.0 3.8 0.3 Dorr Run Area.

Note: the brackets indicate a net gain rather than a loss.
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Figure 8.—Tukey box plots of volume dollar differences in 2007
(discounted to 1997 using a 5 percent rate) under the three
alternative silvicultural practices.
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Figure 9.-—Tukey box plots of present {1997) value of volume
dollar differences in 2007 under the three alternative silvicultural
practices, with the doliar value of the trees removed in 1997.

Ingrowth during the decade following silvicultural entry is
confounding the ability to see drops in stem counts (Fig. 4).
Using only trees greater than 6 inches the effect of
defoliation on larger trees is apparent (Fig. 7). By comparing
Figures 4 and 7, three things are made more evident:
predicted ingrowth will be substantial, even in the “No cut”
stands due to losses in the overstory; the range of variation
in overstory stem count losses is much less than the
variability in regeneration response; and silvicuitural
intervention will produce substantial advanced
regeneration in front of the expected outbreak. Coupling
these potential regeneration changes with expected basal
area and volume changes in the overstory and the expected
variation in average defoliation among stands following an
outhreak, one can expect the losses to be reduced
significantly through silvicultural intervention as selection of
the highest vigor and least susceptible trees is made in the
residual stands.

Dotlar values of standing timber in 2007 can be viewed in
current 1997 dollars by applying a 5 percent discount rate to
rrive at a net present value, This provides a consistent
measure for comparing current management aiternatives
and future stand conditions. Figure 8 shows the changes in
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Figure 10.—Tukey box plots of net effects—sum of net present
value (1997) of stands in 2007 and removal in 1897 on a stand-
by-stand basis under the three alternative silvicultural practices.

the range of dollar values under the thres management
alternatives. Note that significant reductions in dollar losses
are achieved under the minimal removal alternative, and
further significant reductions are aftained by normal B-line
presalvage thinning under heavy defoliation only. These
reductions are to the residual standing crop, and do not take
into account the value of the 1997 removals (Fig. ).
Combining the doliar gains from sales with the losses, one
sees the net value of management in Figure 10. Note that
minimal presalvage thinning will nearly cut the losses from
heavy defoliation in half, and B-line thinning will reduce
losses by more than 75 percent.

CONCLUSIONS

The purpose of this study was to provide the most current
management fools for silviculturists on the Wayne National
Forest as they attempt fo deal with the impending outbreaks
of gypsy moth in southeastern Ohio. The cooperative effort
provided the Wayne National Forest with the latest modeiling
tools and methodology integraied within a decision support
shell, GypsES, that further provided the GIS tools and
database resource facilities. Stand-Damage Model
simulations indicate that substantial savings can be made
through silvicultural management applications and that the
gypsy moth can be expected to cause greater losses in the
absence of management. This work provided a
demonstration of management application capabilities of the
models and follow-up tests done cooperatively over the
coming decade will provide further examination of these
working hypotheses. The stumpage prices used in this
analysis are less than those in 1997 in West Virginia and
Pennsylvania for these species under similar site indices.
Thus, the predicted dollar losses per acre are conservative
estimates, given the potential mortality. Recent presalvage
and salvage treaiments on the George Washington and
Monongahela National Forests have shown success in
providing healthy residual stands of ample productivity and
were found 1o be profitable o local purchasers.
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Communicating Old-Growth Forest Management on the Allegheny National Forest

Brad Nelson®, Chris Mowalk?, Scott Reitz’, Dave deCalesta?, and Steve Wingate'

Abstract.—Successiul communication of old-growth
rmanagement, including the role of silviculture, is achieved by
integrating as a working whole the topics addressed in this
workshop. We have used research, technology transfer and
adaptive management 1o achieve this integration on the
Allegheny National Forest. Program success depends on
scientists and practitioners working together. Scientists
spend more time in joint technology transfer activities and
helping practitioners implement operational-level trials of new
silviculturs, including co-development of inventory and
ronitoring plans. Practitioners {oo have increased
technology transfer responsibilities. Practitioners must think
more like researchers, conceiving and applying innovative
management but also developing ways to monitor the effects
of those treatments.

INTRODUCTION

Successful communication of the role of silviculture in old-
growth forest management is achieved by integrating, as a
working whole, the topics outlined in this meeting's agenda:
policy, inventory and monitoring, research, demonstration,
education, and partnerships. To achieve this integration in
managing old-growth forests on the Allegheny National
Forest (ANF} we have:

(1) listened to the public to understand their values and
needs,

{2} implemented new research to answer questions,

(3) used adaptive management to learn as we go,

(4} led discussions and field trips to reach agreement on
policies,

(5) spread the word 1o increase knowledge and
understanding of old-growth forests, and

{8) weicomed partners to join us in developing a betier
understanding of old-growth.

Conservation of biological diversity has become an
important focus of forest management (Society of American
Foresters 1991). Providing all forest seres across the
landscape from sarly-successional through old-growth is one
approach to achieving this goal (Harris 1984; Hunter 1885,
QOliver and Larson 1996). In Pennsylvania, recent efforts to
promote the conservation of biodiversity have called for the
protection and enhancement of old-growth forests
(McGuinness 1995; Rooney 1995).

Most eastern forests are dominated by early to mid-
successional communities. Only about one-half of one

"Wildlife Biclogist, Wildiife Biclogist, and Silviculturist,
Allegheny National Forest, Warren, PA.

*Fesearch Forester and Research Wiidlife Biologist, USDA
Forest Service, Northeastern Forest Experiment Station,
Forestry Sciences Laboratory, Warren, PA.

percent of Pennsylvania’s forests are old-growth (Smith
1989). interest in preserving existing old-growth, finding new
remnants, and developing old-growth from younger forests is
growing in the Northeast,

The challenges of communicating old-growth forest
management are many:

-LISTENING - Practitioners and researchers must
understand the values (ecological, social, visual, and
spiritual) the public associates with eastern old-growth.

-UNANSWERED QUESTIONS - Researchers must
investigate the ecology of old-growth including studies of
structure, functions and processes associated with old-
growth forests and convey this information to practitioners
and the public.

-LEARNING AS WE GO - Researchers and practitioners
should employ adaptive management strategies to restore
old-growth characteristics and monitor succession.

-GETTING EVERYONE ON THE SAME PAGE -
Researchers, managers, policy makers, and the public must
develop a common understanding and reach agreement on
old-growth policy.

-SPREADING THE WORD - Education is a continuous
process. As researchers and practitioners learn more about
eastern old-growth, we should take every opportunity to
convey this to the public.

-JOINING IN THE FUN - As interest in eastern old-growth
grows, opportunities to develop parinerships for research,
technology transfer, and adaptive management will increase.

This paper describes how communication between
practitioners, research scientists, and the public have aided
the development and understanding of old-growth
management on the Allegheny National Forest.

LISTENING

In 1986 when we began implementing the Forest Plan we
designated old-growth on a project-by-project basis. For
example, if we were proposing a timber sale in an area, we
would designate about five parcent of the area as cld-growth
as specified in the Forest Plan. The public questioned our
approach, stating that it was rather piecemeal and didn’t
clearly demonstrate what old-growth values we were trying fo
promote,

In response to these comments, an interdisciplinary team
was formed to evaluate old-growth values on a landscape
scale. The result was a landscape approach to providing old-
growth values that connected the large forested parceis with
continuous canopy corridors. These large, relatively
unfragmented parcels include the 10,000 acre Hickory Creek
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Figure 1.—Landscape corridor and core areas designated for late-successional and old-growth

forests and related values on the Allegheny National Forest.

Wilderness, 9,000 acre Tracey Ridge National Recreation
Area, 3,000 acre Cornplanter National Recreation Area,
7,400 acre Allegheny Front National Recreation Area, 4,100
acre Tionesta Scenic and Research Natural Areas, 3,400
acre Clarion River area, 1,300 acre Minister Valley area, and
1,400 acre Brush Hollow area. These core areas are
connected by 82,000 acres of corridors (Fig. 1).

Four primary objectives for the corridor were identified by the
team: connectivity, late successional/old growth habitat,
riparian values, and social and amenity values (Allegheny
National Forest 1995). The connectivity objective is intended
to facilitate the movement of less mobile species such as
amphibians, reptiles, and small mammals so they can leave
areas of disturbance that do not fully meet their habitat
needs and repopulate nearby areas that are recovering from
past disturbance; enhance habitat for forest interior
neotropical migratory songbirds by providing large blocks of
contiguous forest; and facilitate genetic flow between
metapopulations of less mobile species, including trees. The
late successional/old-growth forest habitat objective is
intended to provide habifat {0 meet the needs of threatened,
endangered. and sensitive species; provide habitat for
species reguiring isolation from major human activities,
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species that use cavities, and species that use large woody
debris; and promote ecological processes (energy flows,
nutrient cycles, hydrologic cycles) that develop in late
successional forests. The riparian objective is intended to
complement on-going ANF initiatives to improve fisheries
habitat by developing a stable source of large woody debris
for some streams; and complement the on-going ANF
initiatives to maintain or improve water quality and reduce
sedimentation through protection of riparian areas. The
social and amenity objective is intended {o maintain and
enhance visual quality of the forest, especially in sensitive
viewsheds; and maintain and enhance recreational and
amenity values associaled with late-successional and old-
growth forests.

A brochure and table-top display were developed to solicit
additional public comments on the landscape corridor
approach. Presentations and/or displays were given at more
than 18 conferences, workshops, and mestings and 36
individuals responded in writing, With this input we designed
the landscape corridor to meet a variety of objectives,
functions, and values. While old-growth values are featured
in the corridor, other objectives may be more important in
some areas than in others {Allegheny National Forest 1985).



UNANSWERED QUESTIONS (RESEARCH)

Dver the course of the last decade, we have learned of many
unanswered questions for old-growth management on the
ANF. We have also learned that much research has been
conducted in ecology and silvicuiture, ali the way back to the
1820s, that is useful in old-growth management today.
Research answers and needs can be organized into three
areas; ecosystem dynamics, human dimensions, and
silviculture and resource management. We present a brief
history and the guestions yet to be answered in each.

Ecosystem Dynamics

We need research in ecosysiermn dynamics to gain insights
into ecological states and processes of old-growth. Our goal
is 1o learn about ecological capabilities so that desired
future conditions for stands and landscapes can be
deveioped, and management programs can be
implemented that may include silviculture to sustainably
promets old-growth values.

Ecological research extends back to the late 1920s with the
work of Hough, Lutz, Morey and others. At that time, there
were still tens of thousands of acres of virgin forest within the
700,000 acre ANF proclamation boundary. Scientists studied
many of these forest as they were being cut. In one such
study, Hough and a crew of over 20 from the Civilian
Conservation Corps aged 100s of trees across a 7,000 acre
hemiock-hardwood old-growth remnant as it was being cut
{Hough and Forbes 1943).

Today, less than 5,000 acres of remnant old-growth exists
on the ANF, most of that in the 4,100 acre Tionesta Scenic
and Research Natural Area. This remnant and others,
inciuding Hearts Content, a 120 acre white pine-hemlock-
hardwood remnant, have been valuable for studying old-
growth. Over 50 research papers have been written on the
Tionesta and Hearts Content areas, with 15 on-going
studies across both areas today. A key to our old-growth
management program has been the availability of the
Tionesta and other remnants, both for education and for
research.

Studies in the past focused on the state of old-growth with
detailed descriptions of tree size and age distributions and
species composition. There were few function- or process-
level studies. with the exceptions being Hough's studies of
regeneration, succession, and soil-site-species relations.
Landscape perspectives on old-growth were anecdotal.

We need more basic information on ANF old-growth,
including more information on states {e.g., coarse woody
debris, wildlife communities, fungi, and invertebrates). Future
research should be focused on understanding functions and
processes. We need studies in disturbance regimes, forest
stand dynamics, soil development, biogeochemical cycling,
and species-site relations. While we have current studies in
many of these areas, we need many more, and we need
them soon.

Human Dimensions

Research defines the values people derive from old-growth
and determines whether management can culture stand and
landscape conditions fo provide those values. We have
tearned some of this through the National Environmental
Policy Act process and our experiences in information and
technology transter, but much could be learned with formal
social study.

Sliviculture and Resource Management

Sitviculture is becoming recognized as having a prominent
role in restoring and sustainably maintaining old-growth
ecosystems. For the ANF, indepth silviculture knowledge is
available. Many of the same scientists who described the old-
growth forest during the 1920's and 1930's, as cited above,
also conducted silviculture research. Preliminary silvicuiture
guides were developed by Hough and others in the 1940’s
and 1950's (Hough 1953, 1959; Hough and Forbes 1943).
These guides have been substantially revised and expanded
{(Marquis et al. 1992; Marquis 1994). While silvicultural
techniques and methods were chiefly developed for timber
values, they can be modified to achieve old-growth values.
New silvicultural practices can be developed specifically for
old-growth. We are presently using both old and new
silviculture 1o restore some old-growth values to the ANF.

LEARNING AS WE GO
(ADAPTIVE MANAGEMENT)

We have implemented some of our knowledge of ecosystem
dynamics, human dimensions, and silviculture into
operational-level forest management using an adaptive
management approach. We have released subordinate
conifers in maturing hardwood forests. We have
underplanted conifers in partial cut hardwood stands. And
we have maintained coarse woody debris during tornado
salvage and enhanced coarse woody debris during partial
cutting. We have demonstrated these practices, and related
them to desired future conditions to generate reaction and
feedback from stakehoiders. We are in the process of
analyzing the results of these interactions and will, if
necessary, refine or change management practices so as to
better achieve the desired future conditions.

All of these treatments—conifer planting and release and
proactive management of coarse woody debris by leaving or
creating large dead wood structures—took place in the
landscape corridor (see previous section). The corridor and
its core areas are the key to ANF old-growth. The core areas
include both old-growth (Tionesta and Heart's Content) and
unmanaged second-growth forest which will develop intc oid-
growth in 200+ years. There are nearly 40,000 acres of core
areas. The 82,000 acres of landscape corridor wilf be
managed proactively to meet objectives, including old-growth
values. We will continue to work on developing desired future
conditions for this area, alter the vegetation with silviculture
to accelerate attainment of these conditions, and monitor the
effects of silviculture treatments in sustainably providing old-
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growth values. We are exploring management buffer zones
around the core areas. And in addition to the landscape
corridor-core area system, small remnants of old-growth
outside the corridor-core areas will continue to be preserved.
In total, nearly 25-parcent of the ANF is being managed for
oid-growth values.

Major disturbances may occur in the landscape corridor that
could jeopardize some of the late-successional and old-
growth values that we are striving o perpstuate. insect and
disease outbreaks of native and exotic species and cyclic
windstorms, particularly tornadoes, will result in the loss of
some portion of overstory trees, increasing the amount of
light reaching the forest floor and increasing the amount of
dead wood in the forest. If a catastrophe results in
substantial tree mortality such that connectivity and late
successional objectives cannot be met, restoration activities
that feature silviculture such as planting and fencing to
prevent overbrowsing by deer may be implemented.

GETTING EVERYONE ONTHE
SAME PAGE (CONSISTENT POLICY -
TECHNOLOGY TRANSFER)

Multiple objectives, refined definitions, and taking a long term
view at a broader scale are factors that have contributed to
the complexity of the landscape corridor/old-growth concept.
On the Allegheny Nationa! Forest, we have found that
discussing old-growth issues in the woods gives all
participants a common understanding of the complex
situation and helps us reach agreement and consensus. We
have spent a day with the ANF Forest Leadership Team in
Tionesta Scenic and Research Natural Areas viewing and
discussing the differences between late-successional forests
and true old-growth, and how species composition, levels of
dead wood, and wildlife use change as forests become older.
We have reviewed the implementation of some of our
corridor projects with many ANF employees and publics o
determine if we did what we said we would do and if we
achieved the results we were striving for.

SPREADING THE WORD (EDUCATION)

Perhaps it is obvious, but we should take every opportunity
o share information and explain to the public our late-
successional and old-growth policy. Although not always
possible, we believe the best way lo communicate our
message is in the woods viewing old-growth first hand. Last
year we led field discussions with more than a dozen groups
{>200 people) to discuss old-growth on the ANF.

Discussions of succession and how old-growth
characteristics develop over time have helped people
understand how old growth develops. A simple distinction
between late-successional forests and old-growth forests has
helped us communicate the importance of time in developing
old-growth vaiues. Late-successional forests, transitional old-
growth, and potential old-growth are all used to describe
forests between 111 and 300 years old {111 years is used in
the ANF's Forest Plan as an old-growth theshold). Ferests
oider than 300 years are defined as true old-growth or
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ecological old-growth. These definitions, which follow the
recommendations of Oliver and Larson {1996) and research
results specific to hemlock-hardweods by Tyrrell and Crow
{1994}, have been useful in discussing the ternporal aspects
of old-growth values and how some old-growth values accrue
during the late-successionai forest stage and peak during the
old-growth stage. Discussion of the spatial aspacts of old-
growth, ermbodied in the landscape corridor itself, have
benefitted from Mladenoff et al’s (1993) and Lorimer and
Frelich’s (1994) descriptions of presstilement hemlock-
hardwood landscapes in the Midwest.

JOINING IN THE FUN (PARTNERSHIPS)

Interest in sastern old-growth is growing and with that
interest comes many questions that warrant investigation.
Many researchers have studied a piece of the puzzle, but few
opportunities to bring all the pieces together have occurred,
Last summer, we brought all the researchers together who
have studied various components of the Tionesta Research
Natural Area. Each researcher had the opportunity io
discuss his/her research and learn from the research
findings of others. The result was a better and more holistic
understanding of eastern old-growth and the generation of
more questions that need investigation. We plan to continue
these research cooparator meetings every other year,

To evaluate the success of the landscape corridor and core
area concept in mesting identified objectives, a carefully
designed monitoring program should be implemented, This
program can inciude the monitoring of selected wildlife
communities, plant communities, and featured habitats such
as late-successional habitats and riparian areas. We
recognize that no single agency could undertake alf the
monitoring that is needed to answer the many guestions
concerning landscape corridors and late-successional
forests. We apenly invite colleges, universities, and other
partners to become actively involved in monitoring, research,
and adaptive management in old-growth forest management
on the ANF. To meet this end, we have taken our show on the
road, soliciting scientific input from outside the Forest
Service through various workshops and field tours. A
workshop we ran this past spring at The Pennsylvania State
University resulted in two new research projects, one on
hemiock wooly adelgid and the other on watershed nitrogen
dynamics, both to occur in the ofd-growth on the Tionesta
Scenic and Research Natural Area.

iN CLOSING ...

The success of communicating old-growth policy and the role
of silviculture in management of old-growth forests depends
on scientists, practitioners, and the public working together.
Scientists spend more time in joint technology transfer
activities and helping forest managers implement
operational-level trials of new forest management.
Practitioners must understand the values that the public
associates with old-growth forests and incorporate these
values into old-growth management policies. Practitioners
must continue o conceive and apply innovative
management, and also develop research-like ways to



monitor the effects of those treatmants. Each—scientist and
practitioner—needs to spend more time helping others
understand their own knowledge and experience. Synsrgism
will oceur. Policy and practice will change and our
understanding of old-growth will increase, all to the benefit of
the forest.
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Use of Expert Systems for Integrated Silvicuitural Planning

Chris B. LeDoux’

Abstract.—The use of silvicultural treatments in hardwood
stands presents opportunities for increasing the growth and
yield of guality sawtimber and enhancing the suitability of the
site for use by numerous species of wildiife. Planners,
loggers, and managers must consider multiple aspects of the
ecosystem when making silvicultural decisions. In this paper
we demonstrate an integrated expert system called FOREX
and explain how it can be used o make silvicultural
decisions that integrate potential growth and yield, logging
technology, economics, wildlife, markets, log prices, and the
time value of money.

INTRODUCTION

Owners of forested land are being challenged to mest
acosystemy/landscape level goals while meeting personal and
financial objectives. This challenge is further complicated by
the need for integrated planning, i.e., considering ali of the
present and potential values and benefits available from
forested ecosystems. Information on wildlife habitat,
silvicultural practices, logging technology, economic and
market factors, and the time value of money must be
integrated when deciding how fo manage forest lands. The
natural process of forest establishment, growth, and
development must be studied to better understand the
potential values and benefits of proposed silvicultural
treatments over time.

Forest ecosystems undergo a series of seral stages that lead
{0 a climax state over time (Odum 1969; Hunter 1990). For
example, many ecosystems left undisturbed undergo a
series of stages because system changes are constant over
time. The vegetation at each stage in the process suits
different creatures and different people at different times. As
the forest moves through these seral stages, wildlife comes
and goes, for example, a thicket-like stand at age 30 will
have faw grouse and gray fox by age 60. Or a forest stand
may be in the pole-timber class for 30 to 50 years as part of
its 90- to 200-year rotation age. In this stage, trees of the
same species kill each other in competition for light,
nutrients, and water {Odum 1969). Also during this phase,
many different species of wildlife occupy and use the site
{DeGraaf et al. 1991) and also kilf each other in a natural
struggle for survival {Dasmann 1964; Odum 1969; Hobson et
al. 19893; Black 1994). During this period, 30 to 50 years,
many plant, tree, and wildlife species can be harvested
without stopping or setting back the process.

At soms point in this natural process, forests contain fewer
but larger trees. These “larger” woods seem to be those that
many people want fo protect and/or keep constant. But

'Supervisory Industrial Engineer, Northeastern Forest
Experiment Station, U.S. Department of Agriculture, Forest
Service, Morgantown, WV.
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nature does not stand still. In fact, goals for fimber production
often mimic the natural process of succession. For example,
rasearchers have demonstrated that thinning stands can
produce trees that are more valuable and faster growing than
those in many unmanaged stands. It is to everyone's
advantage to understand and plan for the potential products,
values, and benefits that forest stands yield over time. It also
is important that managers understand the economic
implications of their actions and are able to evaluate the
economic tradeoffs that result from alternative silvicultural
treatments.

Another major concern of owners is bringing together the
volumes of research information on wildlife habitat, stand
management, logging technology, economic and market
factors, and the impact of time when deciding how to
manage their forest land. This challenge is complicated in
that the vegetation and various organisms that make up a
forest ecosystem survive and reproduce on a site because
they have adapted to their physical environment and are able
o coexist with one another. When humans disturb this
balance by removing vegetation from the site or changing its
species composition, the site may no longer bs suitable as
habitat for certain wildlife species. Managers can avoid much
of this potential disruption to wildlife by maintaining the
natural/original species composition of the site/stand. This
may best be achieved by the use of natural regeneration
following disturbance/regeneration versus regenerating the
site with artificial methods that favor one species of
vegetation over another (Hunter 1990).

A second complication is the lack of decisionmaking
software/tools that allow for integration across disciplines. Ag
a result, land owners usually manage their land according to
personal experience. Often, the result is the continued
implementation of a handful of silviculture practices that may
not meet all of the owner’s objectives.

We have developed an expert system called FOREX that
allows integrated decisionmaking in managing of hardwood
forests (LeDoux et al. 1995; 1996; LeDoux 1997). FOREX
considers the potential growth and yield, products, and
development of a stand over time, economic and market
factors, and impacts on wildlife habitat. This system can be
applied to all forest types in the Northeast, and currently
considers impacts on wildlife habitat for New England forest
types. Wildlife data from other forest types and regions will
be incorporated into the FOREX database as they become
available. {n this paper we explain how FOREX can be used
to evaluate the flow of potential products, values, and
benefits associated with a forested stand over ils life.

Description of FOREX

FOREX uses data from simulation runs from a model called
MANAGE (LeDoux 1886; LeDoux et al. 1985). The user can
obtain information on present net worth (PNW), optimal



timing of thinning entry, optimal economic stand-rotation
age, average diameter af breast height {dbh), volume by
grade and value of the trees harvested, and, depending on
the cable yarder or ground-based system used, average
siope yarding or skid distance, truck class, road class, log-
bucking methods, and number of thinnings desired. FOREX
also provides information on the effect of harvesting
treatments on wildlife habitat. Users can obtain data on the
PNW, dbh, and volume required for a specific set of
management objectives, and perform a sensitivity analysis
that eliminates the need to sort through numerous
simuiations.

FOREX also can be used to project growth and volume
yields, yields of individual wood products, estimate stump-to-
mill logging costs, predict cash flows and discounted PNW
revenues, projact the suitability of habitat for wildlife, estimate
oplimal periods betwean thinnings or other silvicultural
treatments. From these data, users can gauge the impact of
various silvicultural treatments on wildlife and evaluate
management tradeoffs such as longer rotations for wildlife
versus shorter ones for fiber production.

Stand Conditions Used

For this demonstration, we used a stand from the northern
red oak forest cover type. The species mix includes chestnut
oak, scariet oak, black oak, hickories, red maple, and red
cak. The average site index is about 70. The stand is 30
years old and contains about 330 trees per acre that are
more than 5 inches dbh; the average stand diameter is 6.37
inches dbh. The stand is on moderate to steep slopes and
could be harvested by cable or ground-based systems, The
site is covered with greater than 25 percent rock cover, has
greater than 30 percent forest litter cover, has active seeps,
loose soils and small caves, and has at least 50 ft%acre of
dead and down material on the forest floor. The land has
about 20 percent shrub cover and at least 29 percent ground
cover. For this demonstration, the management block is
assumed to be 300 acres in size for harvesting and wildlife
purposes. We input the stand information into FOREX and
conducted several consultation runs to determine the
potential benefits, costs, and values associated with
managing such a stand.

RESULTS

The stand was subjected to thinnings at age 60, 70, and 150,
with an optimal rotation age of 160 years. An additional
objective of the last thinning at age 150 was to promote
advanced regeneration before final harvest. The tract was
logged with both cable and ground-based systems (Table 1).

Potential Growth and Yield

The stand would yield 751.20 f* of wood at age 60 with an
average dbh of 9.93 inches (Table 1). Thinnings at age 20
and 150 would yield 1,752.58 and 2,132.08 ft* respectively,
and the final harvest would yield 3,627.75 #°. Extending the
final harvest to 200 years would yield 4,362.74 f°.

Potential Product Yields

At age 60, the product mix consists of a small quantity of
grade 3 logs with the remainder in pulpwood {Table 1). The
second and third thinnings yield more grade 1 and grade 2
volume. For example, the third thinning and final harvest
have high percentages of grade 1 and grade 2 logs. The final
harvest has the highest proportion of grads 1 volume
because the three previous thinnings favored leaving the
best crop trees for final harvest. Extending the final harvest
to 200 years would vield a large proportion of grade 1 iogs.

Optimal Thinning Entry and Rotation Age

FOREX can be used o estimate the optimal iming of
thinning entry. For this demonstration, the opfimal thinning
scheduls is age 80, 80, and 150 with an optimal rotation
length of 160 years. The thinnings can be constrained so that
they break even or generate a profit before they are
considered feasible, that is, the vaiue of the products
removed must pay their way to the mills.

FOREX also projects the cptimal rotation age given any prior
treatment(s). In this case, the stand is thinned at age 60, and
the residual stand is projected to age 80 and thinned, and
the residual stand at age 90 is projected to age 150 and
thinned, and the residual stand at age 150 is projected
forward until it reaches the optimal rotation age of 160.

Potential Monetary Yields

FOREX also projects the cash flows and PNW for each
combination of thinning entry and optimal rotation. For
example, thinning at age 60 would require a subsidy of
$123.98 or $105.39/acre for cable and ground-based
systems, respectively. Accordingly, data on PNW and cash
flow are presented for each thinning, final harvest, or
extended rotations. Thinnings at age 90 and 150 are
economical. yielding a PNW of $86.40 or $82.53/acre
depending on the logging method used.

Management Tradeoffs

FOREX can be used to evaluate/rank alternative
management tradeoffs. For example, the optimal rotation at
age 160 yields a PNW of $107.65 and $118.0%acre for cable
and ground-based harvests, respectively. Extending the
rotation o 200 years resulis in a PNW value of $48.83 and
$53.11/acre, for cable and ground-based systems. The
tradeoff in PNW represents a reduction of about 55 percent
for ground-based harvests, or a net loss of about $1.62/acre/
year. Although cash flows for the extended rotation are larger
than those from optimal rotations, the time valus of money
makes future yields worth less in PNW,

Wildlife Habitat Suitabitity

FOREX links actual stand attributes such as dbh, volume per
acre, number of trees per acre, species mix, and other stand/
site attributes with guidelines of DeGraaf et al. (1992} to
generate lists of potential wildlife species that would find the

91



Table 1.—FOREX results by treatment for 30-year old northern red cak forest stand

Attribute Thinning 1° Thinning 2° Thinning 3° Final harvest Extended rotation
Yarding distance (ft) 600 800 6500 800 600
Buck type 1 i 1 1 1
Road class 3 3 3 3 3
Truck class 2 2 2 2 2
Age {years) 60 a0 150 160 200
Trees (no.) 57 75 35 51 41
Avg. dbh (inches) 9.83 12.80 19.27 20.43 23.97
Volume {ft%) 751.20 1752.58 2132.08 3627.75 4362.74
G1 (bd. fij 4] 915.28 6947.64 13543.29 20652.76
G2 (bd. ft)* 0 601.00 161.31 402.85 127.81
G3 (bd. ft}* 45.67 284.46 758.93 701.68 712147
G4 (1) 737.33 1320.83 650.75 987.37 813.94
PNW (dollars)? -51.08 48.27 75.17 107 .65 48.83
Cash flow (dollars)? -123.98 280.28 2609.22 5021.73 7430.894
PNW (dollars)® -43.42 86.40 82.53 118.09 53.11
Cash flow (dollars)" -105.39 509.03 2864.70 5508.74 8082.38

520 percent of trees/acre removed.
40 percent of trees/acre removed.
*G1 = grade 1 volume/acre.

‘G2 = grade 2 volume/acre.

*(33 = grade 3 volume/acre.

‘G4 = pulpwood/acre.

“Cable systems.

"Ground-based systems.

site/stand suitable. For example, the 160-year-old stand
would yield conditions acceptable to several species of
amphibians, birds, mammals, and reptiles (Table 2). Table 3
lists the potential species that would find the site/stand
suitable after harvest provided that down logs and tops are
left on the site following final harvest. Table 4 shows the
potential species that would find the site/stand suitable after
final harvest when residual down logs and tops are removed/
utilized after final harvest. Such consuiltation runs allow users
o estimate the suitability of habitat for wildlife and gauge the
impact of various silvicultural treatments on wildiife. The lists
produced by FOREX were cross-validated using the HAM
mode! (Harvey and Finley 1996).

CONSIDERATIONS FOR USERS

integrated expert systems can be used to estimate the
potential values and benefits associated with the
management of eastern hardwoods over time. Managers,
planners, and users can obtain detailed information on
growth and yield, potential product development, logging
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costs. potential revenues, suitabiiity of habitat for wildlife,
impacts of silvicultural tfreatments on wildlife, timing of
thinning entry and optimal rotation age. Generally, foresters
can manage the resource for an aray of products and values
simultaneously, and users can evaluate economic tradeoffs
that result from aiternative silvicultural treatments,

Refinements in the data on wildiife, product quality, and other
variables are being made, and additions to the knowledge
base can be easily incorporated into the FOREX database,
FOREX integrates the best information on logging cost, mill
prices paid, and similar factors into a user-friendiy system
that can be used when planning silvicultural treatments.

it is doubtful that expert systems such as FOREX will
replace the expertise available at the forest or district level as
there is no substitute in the short run for a manager's
knowledge of the land, hand-drawn maps, etc. Still, FOREX
and other integrated expert systems can be useful in the
decisionmaking process and thus contribute to improved
management of the nation’s forest resources.



Table 2.—Potential species for stand before final harvest

Redback salamander
(Plethodon cinereus)

Northern brown snake
(Storeia d. dekayi)

Northern redbelly snake

(Storefa 0. occipitomaculata)

Northern ringneck snake

{Diadophis punctatus edwardsi)

Northern black racer
{Coluber c. constrictor)
Black rat snake
(Elaphe o. obosoleta)
Eastern milk snake

(Lampropeitis t. trianguium)

Northern copperhead

{Agkistrodon contortrix mokeson)

Timber rattlesnake

(Crotalus horridus)
Sharp-shinned hawk

(Accipiter striatus)
Northern goshawk

{Accipiter gentilis)
Red-shouldered hawk

(Buteo fineatus)
Broad-winged hawk

(Buteo platypterus)
Red-tailed hawk

(Buteo jamaicensis)
Great horned ow!

(Bubeo virginianus)
Red-bellied woodpecker

(Melanerpes carolinus)
Yeilow-bellied sapsucker

{(Sphyrapicus varius)
Hairy woodpecker

{Picoides villosus})
Eastern wood-pewee

(Contopus virens)
Eastern phoebe

{Sayornis phoebs)
Blue jay

(Cyanocitta cristata)
American crow

(Corvus brachyrhynchos)
Common raven

(Corvus corax)
Ruffed grouse

(Bonasa umbeilus)

Black-capped chickadee

{Parus atricapillus)
Tufted titmouse

(Parus bicolor)
White-breasted nuthatch

(Sitta carolinensis)
Brown creeper

{Certhia americana)
Red-eyed vireo

{Vireo olivacsus)
Blackburnian warbler

(Dendroica fusca)
Scarlet tanager

{Piranga olivacea)
Brown-headed cowbird

{Molothrus ater)
Purple finch

(Carpodacus purpureus)
Carolina chickadee

{Parus carolinensis)
Virginia opossum

(Didelphis virginiana)
Masked shrew

(Sorex cinereus)
Little brown bat

{Myotis lucifugus)
Silver-haired bat

(Lasionycteris noctivagans)

Big-brown bat

{Eptesicus fuscus)
Northern red bat

{Lasiurus borealis}
Gray squirref

{Sciurus carofinensis)
Southern flying squirrel

{Glaucomys volans}
Northern flying squirrel

{Glaucomys sabrinus}
Coyote

(Canis latrans)
Black bear

{Ursus americanus)
Red fox

{Vulpes vulpes)
White-tailed deer

{Odocoileus virginianus)
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Table 3.—Potential species for stand after final harvest (down logs and tops left on site)

Northern brown snake

{Storsia d. dekayi)
Northern black racer

(Coluber ¢. constrictor)
Eastarn milk snake

(Lampropsltis t. trianguium)
Cooper’s hawk

{Accipiter cooperil)
Blue jay

(Cyanocitta cristata)
Common raven

(Corvus corax)
Wild turkey

(Meleagris gallopavo)
Masked shrew

(Sorex cinereus)
Biack bear

(Ursus americanus)
White-tailed deer

(Qdocoileus virginianus)

Northern ringneck snake

(Diadophis punctatus edwardsi)

Black rat snake

(Elaphe o. obosoleta)

Timber rattlesnake

{Crotalus horridus)

Golden eagle

{Aguila chrysasios)

American crow

(Corvus brachyrhynchos)

Ruffed grouss

(Bonasa umbslius)

Purple finch

(Carpodacus purpureus}

Coyote

(Canis latrans)

Red fox

(Vulpes vulpes)

Table 4.—Potentlal species for stand after final harvest {down logs and tops removed)

Northern ringneck snake
{Diadophis punctatus edwardsi)
Cooper's hawk
{Accipiter cooperii}
Blue jay
(Cyanocitta cristata)
Common raven
{Corvus corax)

Timber rattiesnake

(Crotalus horridus)

Golden eagle

(Aquila chrysaetos)

American crow

(Corvus brachyrhynchios)

Ruffed grouse

{Bonasa umbelius)

Wild turkey Purple finch

{Meleagris gallopavo) (Carpodacus purpureus)
Coyote Red fox

(Canis latrans) (Vulpes vulpes)

White-tailed deer
(Odocoileus virginianus)
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Assessing Native American Disturbances in Mixed Oak Forests of the Allegheny Plateau

Charles M. Ruffner', Andrew Sluytes?, Marc D. Abrams’, Charlle Crothers?, Jack Mciaughlin®, and Richard Kandare®

INTRODUCTION

Although much has been written concering the ecology and
disturbance history of hemiock - white pine - northern
hardwood (Nichols 1935, Braun 1950) forests of the Allegheny
Plateau (Lutz 1830a; Morey 1936; Hough and Forbes 1943,
Runkle 1981, Whitney 1990; Abrams and Orwig 1996) few
studies have investigated the distribution and successional
dynamics of oak in this region. Most witness tree studies of the
Plateau cite low numbers (<4%-20%) of oak with most
oceurring on droughty, south facing upper slopes (Lutz 1930b;
Gordon 1940; Seischab 1990; Whitney 1990; Abrams and
Ruffner 1895). Both Gordon (1940) and Kuchler (1964)
mapped northward extensions of oak along river valleys into
southern New York. While some oak communities may
reprasent edaphic climaxes on poor, droughty soils (Gordon
1940; Braun 1950) we believe that these northward extensions
may also reflect a presence of Native American fire and or
agricultural clearing (Day 1953; Meltzer and Smith 1986;
DeVivo 1891). Many researchers have reported the impact of
Native American disturbances on pre-European settlement
forests of eastern North America (Maxwell 1910; Day 1953;
Chapman et al. 1982; Pyne 1983, Patterson and Sassaman
1988; Dorney and Dorney 1989; DeVivo 1991 ). Nearly all
reference a patchwork anthropogenic landscape resulting
from the burning of forests to reduce underbrush, girdie trees,
improve wildlife browse, drive game, rejuvenate fruiting
species or to clear agriculturai fields.

Regional polien sequences suggest oak was present on the
southern New England landscape by 10,000-9,000 years BP
{Watls 1979; Webb 1981, Davis 1983). Qak-pine forests
replaced spruce-pine woodlands as early as 10,500 years
BP coinciding with increased charcoal abundance and a
warmer, drier climate (Miller 1973; Spear and Miller 1976;
Calkin and Miller 1977, Sirkin 1977). While the role of fire in
the historical development of oak is widely accepted for the
mixed oak region {Lorimer 1985; Abrams 1992; Abrams and
Nowacki 1992; Johnson 1992) this relationship has notf been
fully investigated in northern hardwood forests. Clark and
Royall (1695) reported a transition from northern hardwood
to white pine-oalk forests during a period of iroquois
occupation and agricultural clearing. In their study of New
England, Patlerson and Sassaman (1988) compared
sedimentary charcoal and archaeological site distributions
and found fires were more common on coastal sites where
Native populations were greatest and their land-use
practices most infensive. In addition, they noted
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archaeological site distributions corresponded well with areas
characterized by high oak pollen percentages (Dincauze and
Mulholland 1977, Patterson and Sassaman 1988).

Recent paleoecological investigations have questioned the
importance and extent of Native American fire usage in oak
development (cf. Russell 1983; Clark and Royall 1896). Thus,
while several regional studies suggest the coirelation of fire
occurrence and Native occupation with oak forest distribution
more research must be completed to better understand the
pre-European landscape across the northeast. in this study,
we wish to gain an historical perspective for the development
of oak forests on the Allegheny Plateau. Our objectives
include: 1) elucidating what factors existed historically to
foster oak development on the landscaps, 2) identify
procasses whether natural and/or cultural driving cak
distribution, and 3) identify successional status of current oak
forests on the landscaps. From this information, we hope to
increase our knowledge of presettiement forest conditions
and develop ways we can maintain and preserve oak areas
on the Allegheny Plateau.

This project integrates several disciplines to answer these
questions. Palynological analysis of bog sediments will
identify changes in species composition over time as well as
provide charcoal evidence of previous fire events needed for
radiocarbon dating. Archaeology is providing information on
Native Amarican setilement and land-use patterns while
witness tree analysis and historical data help to identify pre-
European settlement forest conditions. We betlieve a study of
this scope conducted in this region will provide some
compelling information concerning Native American impacts
on the forest resources of the Allegheny Plateau prior to
European settlement,

STUDY AREA

The region comprises the Unglaciated High Allegheny
Plateau characterized by broad flat-topped ridges deeply
dissected by dendritic streams (Bowman 1911, Fenneman
1938). Soils are predominantly Inceptisols formed in
residuum and colluvium from Mississippian and
Pennsylvanian aged sandstones and shales (Cerutti 1885;
Ciotkosz et al. 1989). Hazleton-Cookport soils occur on
plateau upiands while Hazleton-Gilpin-Ernest soils dominate
fiparian sideslopes. Both are characterized as deep, well
drained to moderately well drained, sloping {o moderately
steep soils formed from acidic sandstone and shale. Alluvial
fioodplains and glacial outwash terraces consist of Wayland-
Chenango-Braceville soils and are characterized as deep,
very poorly drained, level to gently sloping soils formed in
watsr deposited materials derived from acid sandstone and
shale {Cerutli 1885). Climate of the region is typified as cool
and humid. Average temperatures range from 204 C in the
summer 10 -20 € jn the winter months. Total annual
precipitation is 109 cm with 61 cm falling during the growing
season between April and September (Cerutti 1985).



PRELIMINARY RESULTS

Archaeological Evidence

Located within the study area are 55 pre-contact and 54
post-contact archaeoiogical sites. Several included in the
Buckaloons Historic District {(BHD) are regarded as the most
significant archaeological sites in Pennsylvania. Prehistoric
artifacts from collections coupled with evidence from
extensive fisld projects conducted within the study area
suggest human occupation for the last 12,000 years, The
area was first occupied by Palecindians during the retreat of
the Wisconsin ice sheet between 12,000 to 11,000 y BP, As
the ice retreated, Palecindians advanced northward along
the Allegheny River from the southem portion of
Pennsylvania and Ohio following megafauna and other game
{Funk 1993). it is widely held that seasonal hunting patterns
operated on a north/south directional flow along major
waterways. Vegetation composition and distribution changed
as the glacial margin moved northward. Tundra-like
conditions existed until around 12,000 y BP when replaced
by open stands of spruce and by 10,500 y BP pine-oak
forests dominated the landscape coinciding with increased
charcoal abundance and a warmer, drier climate. These
ervironmental changes certainly affected human resource
collection and utilization. For instance, it is believed that by
this period large megafauna such as the mastodon (Mammut
americanus ) had been exiirpated and other mammals such
as the caribou, moose, and deer comprised much of the diet
of the inhabitants. Further, the collection of acorns, walnuts,
and hickory nuts is recognized as another subsistence
pattern of the Early Archaic period (Munson 1986).

A scarcity of Middle Archaic {c. 8000-6000 y BP) sites and
artifacts indicates either a lower population in the area or
that specialists have not been able o differentiate Middle
Archaic artifacts from those of adjacent periods (Stewart and
Kratzer 1989; Quinn and Adovasioc 1996). The pollen record
for western New York indicates a decrease in pine
distribution and an increase in hemlock during this period
(Trubowitz 1983). Although speculative, changes in species
distribution may have affected faunal migration/popuiation
patterns thus impacting human migration/popuiation
patterns, However, by the Late-Archaic (6000-3000 y BF)
northern hardwood and mixed pak forests dominated the
landscape. At this time Peoples of the Brewerton and
Lamoka cultures {Laurentian Tradition) inhabited the region.
Brewerton peoples were adapted to the upland environments
while the Lamoka peopies preferred riparian areas. Both
cultures are characterized with hunting, gathering, and
foraging subsistence strategies. Seasonal base camps have
been identified on both the upland and riparian
environments. Despite information concerning cultural
developments, human-environmental interactions are not
presently understood.

in northwestern Pennsylvania, agriculture developed during
the Woodland Period {3,000-300 y BP) and was practiced
extensively by the Seneca-iroquois nation by 1350 AD
(Dennis 1993; Snow 1994). The Iroquois practiced a form of
swidden agriculture in which forests were cleared and
burned to create open arsas {Keichum 1864; Parker 1968).

Cuttigens included the sunflower {Helianthus annuus), maize
(Zeas mays )}, squash (Curcubita spp.}, and beans
{Phaseolus vuigaris ) (Dimmick 1994; Snow 1984). Crops
were cultivated in cleared fields extending out from a central
village. Fields were cultivated for several years (8-12}) until
crop harvests decreased enough to warrant moving the
village to another streamside site (Ritchie and Funk 1879;
Sykes 1880, Snow 1994). The ability {0 raise crops reduced
the dependence on hunting and gathering. in addition,
agriculture was responsible for a sharp increass in
population and development of a more sedentary existence
svidenced by the development of large villages (Snow 1984).

Most occupation sites occurred on river or glacial cutwash
terraces and ranged in size from small clan hamlsts of three
or five longhouses capable of supporting 15-20 persons to
villages encompassing ten longhouses on 8-10 acres
supporting 150-200 people (Witthoft 1965; Ritchie and Funk
1979; Snow 1994). Nearly all lrogouis settlements were
palisaded for protection {Snow 1994), These palisades
consisted of large posts averaging one foot in diameter, with
an upper limit of two feet (Ritchie and Funk 1978). According
to the size of the village protected, constructing these
defensive perimeters required a considerable amount of
timber not to mention the quantity of fuelwood needed by the
inhabitants,

Thus, over time, the anthropogenic landscape would
resemble a mosaic pattern of (1) croplands near palisaded
settlements, (2) abandoned clearings with early successional
taxa, and (3) open forest stands dominated by fire adapted
specias such as oak and hickory (Chapman et al. 1982},
Indeed, many palececological studies have identified a
fransition from later successional species to early
successional species during the period of Native American
burning and occupation {Chapman et al. 1982; Delcourt
1987; Clark and Royall 1995).

Witness Tree Analyses

Presettlement forest conditions were characterized by
tallying comner trees from original warrant maps (1790-1820).
Warrant maps represent a tract of land as surveyed at the
time of first setttement {(Munger 1881). Each warrant map
comprises several bearings and distances linking property
corners, either marked trees, posts, or stone monumenis.
After the tract was surveyed, a warrant map was produced
fllustrating the configuration of the lot, including boundary-
line descriptions, property corners, whether trees or
otherwise, and other outstanding geographic features such
as streams, mountain peaks, or “Indian” paths (Abrams and
Ruifnar 1995). For this study, individual warrants and their
corrasponding witness corners were overlayed on USGS
7.5- min. quadrangle maps or identified on previously
detineated boundary lines on USFS 7.5-min. quadrangle
topographic maps. These connected drafts provided the main
source for tallying the corner trees by species and
physicgraphic landform (e.g. stream valley, north cove,
plateau top, ete.).

Witness tree-iopographic relationships were examined uging
contingency table analysis, a method which fests for
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of the Allegheny Plateau. Positive and negative values indicate a preferencs or avoidancs,

respectively, for the landform.

independence between topographic position and the
presence.abscence of a species (Strahler 1978). This test is
performed by calculating the likelihood-ratic chi-squared
statistic, G7 and comparing this value to the appropriate
quantile of the chi-squared distribution (Agresti 1996).
Standardized residuals were calculated following
Haberman's method (1973) for contingency tables revealing
significance. Residual values quantify a species preference
{positive) or avoidance (negative) of a particular topographic
position {(Whitney 1990).

Analysis of species-site relationships with standardized
residuals provided some compeiling information concerning
spacies distributions on the Allegheny Plateau. When
witness trees across the Allegheny Plateau were used,
species distributions conformed nicely to current
distributional conventions (Figure 1). For instance, American
beech {Fagus grandifoiia Ehrh.) dominated the plateau
uplands while caks and chestnut {Casfanea dentata )
dominated xeric, south facing slopes. Hemiock (Tsuga
canadensis } in contrast, was cited most often on mesic
slopes and valley/riparian sites.

Following this, witness tree distributions were separated into
two zones, west and east of Minister Creek. This boundary
was utilized because Minister Creek appears {o be a major
watershed roughly marking the edge of Native occupation
east of the Allegheny River. Thus, wilness trees were again
tallied by site in these two regions, west and east of Minister
Creek. Standardized residuals of species-site relationships
reveals significant changes in species distributions (Figures
2 & 3). Ninety-three percent of alf caks and sighty-three

g8

percent of all chestnuts {allied occurred west of Minister
Creek dominating the plateau uplands and south coves. in
contrast, beech is limited to mesic slopes and is virtually
absent from the upland plateau. Hemlock is relegated to
mesic, protected cove sites. We believe this distinct shift in
species on the uplands is a result of Native burning on these
sites. Frequent burning would have selected for fire adapted
species such as oak and chestnut with their thick fire
resistant, corky bark. Further, archaeological sites ocour
more frequently in the oak-chestnut dominated uplands west
of Minister Creek (Figure 4). Species distributions east of
Minister Creek are very similar to those cited above for the
Allegheny Piateau (Figure 3). Beech again dominates the
upland piateaus while oak and chestnut nurmbers are limited
to 6 (7%) and 7 {179%), respectively. We hypothesize that the
level of disturbance, particularly fire, was reduced east of
Minster Creek and thus late successional beech
outcompeted oak and chestnut on the plateau uplands.
Further, while some archaeological sites occur east of
Minister Creek, they are not as widespread or frequent.

Historical Data

Historical documents such as explorer and missionary
accounts, surveyor notes, military journals, and deeds are
being searched for information concerning forest conditions
and disturbances which may include for instance, Native fires,
timber cutting, or agricultural practices. Thus far, early French
explorers noted tall-grass prairies along the Irvine Flats of
Brokenstraw Creek in Warren Township suggesting a portion
of the prairie peninsula may have reached this area (Schenk
1887, Transeau 1935). In 1748, the French Government
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dispatched Captain Bienville de Celeron to officially claim the villages are well described. Early travelers in western New York
lands of the upper Ohio (Allegheny) River. While environmental reported “oak openings” in areas previously inhabited by the

information is sparse in these accounts, locations of Native Seneca (Ketchum 1864; Sagard 1865).
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Figure 4.—Presettiement forest types of Minister Creek area with archaeological site distributions.
Sites on east side of Minister Creek are camps exhibiting low intensity usage while sites on the west
side are characterized by larger rockshelter complexes having extended histories.

Pollen Analysis

The basic assumption of pollen analysis is that the types of
pollen depositied at a site represent the range of spacies
growing in the area (Davis 1963; Fagrei and lversen 1975).
The large quantity of pollen mixing in the atmosphere before
deposition is assumed {0 yield a pollen assemblage
characteristic of the type of forest or other vegetation that
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produced the pollen (Kellogg and Custer 1294). Thus,
changes in poilen frequencies through time represent
changes in vegetation through time (Keliogg and Custer
1894). An exploratory bucket auger sample has been taken
and is being analyzed for pollen preservation from the Jones
Run bog. A sample from 1.4 m has been submitted for
radiocarbon dating. The site appears fo have the potential to
yield a vegetation record spanning the last few thousand



years. The basai unit is sand-gravel channel deposits,
overlain by silt-clay overbank sedimenis, and capped by
sphagnum peat—iotaling about 1.5 meters of sediment.

FUTURE WORK

This project is essentially in the implementation stage and
final results will not be available until the pollen analysis and
archaeological excavations are cormplete. The authors have
developed this study to assess the existence and extent of
Native American impacts on natural resources of the
Altegheny Plateau, We belisve this integrative approach
could be utilized in other regions to befter understand the
long term vegetational changes on the landscape and
assess cultural adaptations or disturbances responsible for
the anthropogenic landscape encountered by
EuroAmericans during westward expansion.
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Communicating the role of silviculture and
Forest Service silviculture research in the Interior West.

Dennis E. Ferguson, Victor J. Applegate, Philip §. Aune, Clinton E. Carlson, Kathleen Geler-Hayes, Russell T. Graham,
Glenn L. Jacobsen, Theresa B. Jain, David C. Powell, Wayne D. Shepperd, John P, Sloan, Andrew Youngblood'

Abstract.~Silviculturists create desired forest conditions
across the landscape and over time, Our job is to synthesize
knowlsdge from many disciplines to deveiop prescriptions
that produce desired forest conditions. In turn, forest
conditions result in products and values for society.
Silviculture and silviculture research help provide the
scientific basis for land management decisions. Crucial roles
for research silviculturists are mensurative studies that
quantify resources, manipulative studies that test
hypotheses, synthesis, and publication; without these, new
knowledge will not be generated and the science of
silviculture will progress slowly. Silviculturists are central to
impiementing Ecosystem Management, and they must
communicate the importance of their profession to clients,
other natural resource disciplines, policymakers, and the
public. A checklist is provided highlighting important points
about silviculture and silviculture research.

INTRODUCTION

The following is from an actual job announcement with a
USDA Forest Service ranger district in the western United
States.
Series/grade: GS-0460-11
Title: Forester (biomass administrator)
Duties: The incumbent serves as a silviculturist with
primary responsibility for the development, planning, and
application of silvicultural methods and practices.

The duties for this job are clearly that of a silviculturist, but
the parenthetical fitle of biomass administrator suggests a
reluctance to use the words silviculturse and silvicuiturist. This
job announcement is not an isolated case; rather, it reflects a
trend to avoid the "S” word because of perceptions that
silviculturists and the practice of silvicuiture are biased
toward the single-minded production of wood products. Too
many people think silviculture means tree culture.

At the same time, the profession is experiencing a decline in
the number of silviculturists and research silviculturists in the
Forest Service. Exact numbers are not available because
silvicufturists are included with foresters and research
siiviculturists are counted as research foresters. Nationwide
over the past 10 years, the number of research foresters in
the Forest Service has declined 61 percent from 350 to 138
positions {Stout 1998). In the Interior West?, the number of
research silviculturists declined 59 percent from 17 in 1980
to 7 in 1997 (Fig. 1). As Figure 1 shows, there has been a
steady deciine in research silviculturists.

‘see appendix for author's affiliation
2Eastern Washington, eastern Oregon, idaho, Montana,

Wyoming, Utah, Colorado, Nevada, New Mexico, and Arizona.
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Reduced numbers of silviculturists and research
silviculturists brings several questions to rmind. is the vitality
of the profession of silviculture in jeopardy? Have silviculture
and silviculture research matured to the point that the
number of people in the profession can be reduced? What is
being lost when silviculture and silviculture research are de-
emphasized?

The purpose of this paper is to discuss the role of Forest
Service research silviculturists and their interactions with the
profession of silviculture, land managers, the scientific
commurnity, and the public. The authors’ perspective is
shaped by working in the Interior West, but the situation may
be similar in the rest of the United States. The points
discussed in this paper can be used to communicate the role
of silvicuiture and silviculture research to the many and
varied publics that we all serve.

EVOLUTION OF SILVICULTURE
AND SILVICULTURE RESEARCH

in the Interior West, the profession of silviculture has evolved
for nearly 100 years from smphasis on individual trees to
emphasis on the components and processes of forests.
Silvicuiture research has prompted changes in silviculture
and visa versa. Synergism between silviculture research and
the practice of silviculture has advanced the art and science
of the profession.

Early silvicultural practices in this country focused on
individual frees because of their economic and social
impertance. Fernow (1916) defined silviculture as the
production of wood crops. The economic production of wood
for society was the goal of silviculture. Silviculture research
investigated the silvics of commercial species, natural and
artificial regeneration, tree growth, and relationships
between the environment and tree growth. Research logically
started with the emphasis on individual trees, but gradually
there was increasing research on insects, diseases, fire,
non-tree vegetation, soils, and other components of forests.

The advances in knowledge about silvical characteristics of
species and growth of trees allowed emphasis to shift to
stands of trees. Toumey (1928} and Baker (1934) expanded
the definition of silviculture to include methods for
establishment and development of forest stands for
sustained production of wood crops. Now the emphasis was
on stands of trees, but the goal was still wood production to
benefit society. Silviculture research also expanded by
conducting investigations at the stand level. Yield tabies were
developed for normal stands, as were stocking tables,
thinning guides, and planting guidelines.

Next, silviculture was defined as the theory and practice of
producing and tending a forest that best fulfills the objectives
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Figure 1.—Number of research silviculturists in the Interior West

from 1980 to 1997,

of the owner (Smith 1962). It was no longer assumed that the
landowner's objective was the production of wood. This
important shift in emphasis recognized that landowners have
a wide variety of objectives. Silviculturists developed
prescriptions to meet many objectives, which could be as
diverse as creating habitat for wildlife, providing clean water,
or using genetically improved trees for wood production. The
role of silviculture research expanded to use ecological
community classifications (for example, habitat types and
successional plant communities) that become available in
the interior West (Daubenmire and Daubenmire 1968, Plister
and others 1977; Weliner 1988). Forest growth models were
developed, and they were being linked to models that
predicted other forest attributes such as shrub cover, impact
of insects and dissases, and wildlife (Edminster and others
1990; Moeur 1985; Stage 1873; Teck and others 1396).
Silviculture researchers started integrating more ecosystem
processes into their studies.

Today, silviculture is defined as “the art and science of
controlling the establishment, growth, composition, health, and
quality of forests and woodlands o meet the diverse needs
and valuss of landowners and socisty on a sustainable basis”

{SAF 1894). Silviculture is the management of
vegetation and creation of forest conditions to
meet iandownsr needs and objectives.
Sivicuiture researchers now explore forest
ecosystem processes, structures, and functions.

Where is silviculture in terms of its evolution?
Interestingly, silviculture has progressed to
meeting the intent of its original definition. The
root word ‘silva’ is Latin for an area of woodland
or forest {Glare 1968). The literal fransiation of
sitviculture is forest culture. Silviculturists
prescribe management for all components of
the forest to achieve a wide variety of
objectives. The current evolution in silviculture
to fully impiement forest cuiture in the Interior
West is possible because of the collective
experience, tools, and scientific knowledge
developed over the past 100 years.

CREATING DESIRED
CONDITIONS

If silviculture is the art and science of controlling
the establishment, growth, composition, health,
and guality of forests and woodiands, how does
the silviculturist influence the vegetation io meet
needs and values? The answer is that
vegetation is managed directly and indirectly o
favor the desired outcomes. The kind, amount,
intensity, and duration of vegetation
manipulation depends on the objective.

Silviculturists create and maintain forest structures and
processes that result in the desired forest conditions. Forest
conditions result in products. Traditionally, products have
been wood, water, wildiife, range, and recreation. Products
can be easily quantifiable, like the traditional products, or
products can be values such as biodiversity, scenery, and
spiritual values. Today's silviculturists are dealing with a wide
array of products that the public demands.

Silviculturists create desired conditions across the
landscape and over time. They develop knowledge and
tools for managing forest vegetation. The job of a
silviculturist is to integrate knowledge from many disciplines
{ecology, pathology, entomology, mensuration, wildlife,
watershed, recreation, genetics, soil science, sociology,
economics, and so on) o develop prescriplions that
produce desired conditions. Not only are silviculturists
skilled at creating desired conditions, they are also trained
to understand how historic conditions have shaped current
forests and how forests will change over time -- 10, 20, 50,
and 100+ years into the future. This knowledge can help
create desired conditions for today and for decades 1o
come.
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Sitviculturists and silviculture researchers consider
consequences of their actions in the short-term and long-
term. Appropriate silviculture that creates desired short-term
conditions may have undesirable long-term consequences.
An example would be maintaining continuous tree canopy
coverage in a scenic area. Short-term goals can be reached
by using uneven-age management. Long-term resuits will be
a shift in species composition from shade-intolerant species
to shade-tolerant species. The species, amount, and quality
of shrubs, forbs, and grasses will change. Associated with
the shift to shade-tolerant species will be changes in
animals, insects, fungi, and so on. These changes may be
good or bad depending on the objective. Silviculturists
communicate information about short-term and long-term
consequences, describe alternatives, and develop
prescriptions that best meet short- and long-term objectives.

VOLUNTARY AND
INVOLUNTARY SILVICULTURE

An important point about little or no silvicultural management
is that forests are involuntarily changed by human activity. A
lack of planning for the future care, development, and
replacement of forests becomes a kind of rudderless drifting
{Smith 1962). Humans have changed natural cycles in
forests, especially wildfires in the Interior West, Cultivation of
land adjacent to forests and extinguishing wiidfires have
changed the frequency and intensity of fires. Human activity
has aiso affected atmospheric CO,, high altitude ozone, air
temperatures, air quality, wildlife migration routes, gene flow,
and the introduction of exotic species of insects, diseases,
and plants. We cannot dismiss the existence of involuntary
silvicuiture. It exists and it does have unintentional effects on
forests.

Natural resource professionals must consider all
consequences of aiternative ways that forests can be
managed. An example of clear thinking is the discussion
about the supply and demand for wood, wood alternatives,
and how local and national demand for wood is linked to
global supplies (Dekker-Robertson, these proceedings).
Amaerica is a net importer of wood and Americans use wood
at a rate nearly 3.5 times the global average. Alternatives to
woed (steel, aluminum, brick, concrete, and plastic) are
expensive, consume large amounts of energy during the
manufacturing process, and result in CO, release into the
atmosphere. When demands for wood are not met locally or
nationally, forests in other parts of the world are harvested.
Ecologically sensitive tropical rainforests or forests in
Siberia are much less productive than forests in the United
States. in addition, environmental laws in many foreign
countries are weak.

Even if the American people decided not fo harvest wood
from public lands, there are major health concerns for forests
in the Interior West. Ecosystems are constantly changing;
they do not and cannot remain static. More wood grows per
acre per year in interior West forests than can be
decomposed by natural processes (Oliver and others 1984;
QOisen 1863). The right combinations of moisture and
temperature do not exist long enough each year for wood to
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decompose as fast as it grows. Fires, insects, and diseases
are the disturbance agents that historically recycled excess
biornass in the Interior West.

Large amounts of fuel are present in interior West forests
becausse of fire suppression efforts that began in the early
part of this century. Forests that historically burned with low
intensity ground fires are now experiencing stand replacing
fires, Unacceptabie loss of resources and lives are an added
expensae of fighting wildfires and rehabilitating burned forests.
The choices are to manage forests before wiidfires or after
wildfires; doing nothing is an exampie of involuntary
silviculture.

SILVICULTURISTS ARE
INTERDISCIPLINARY GENERALISTS

Many of the disciplines in forestry are specialties that
evolved from silviculture, so it is natural that there is a good
deal of overlap between silviculture and other forestry
specialties. For example, a forest entomologist must
understand the habitat that supports insects and how that
habitat influences life cycles, predators, hosts, and so on.
But, silviculture is the one discipline where knowledge from
many other disciplines is deliberately brought together to
develop management prescriptions that meet owner's
management objectives. Necessarily, a silviculturist is a
generalist who must interact with others to develop the best
possible prescriptions.

The integration of knowledge from many disciplines also
means silviculturists work in an interdisciplinary manner with
many people. Decisions concerning any one discipline in
forestry cannot be made independently from other
disciplines. Since most decisions will directly or indirectly
involve vegetation management, the silviculturist is a key
person on interdisciplinary teams. One job of the silviculturist
is to help people understand the consequences of proposed
alternatives. By collaborating with other disciplines, results of
various alternatives can be described and displayed over
time, Then, landowners can make more informed decisions.

THE ROLE OF FOREST SERVICE
RESEARCH SILVICULTURISTS

The future is always uncertain; however, several things seem
clear. The world's population is continuing to grow and
people will increase their standard of living whenever
possible. Current alternatives to wood are not as economical,
are not renewable, and their production uses more energy
and creates more pollution. Therefore, the demand for wood
products will remain high. At the same time, greater
demands are being placed on forests for other products such
as clean water, wildiife, recreation, biodiversity, and forest
health. The public expsects science-based management of
forests. Increasingly complex silvicultural prescriptions will be
reguired to achieve multiple goals from forests.

Forest Service research silviculturists heip envision and
create the fulure forest under different management options.
They need foresight to keep ahead of issues. Following are



general areas of research in interior West forests where
silviculture ressarch expertise is nesdad. Most of this
research will require an interdisciplinary approach with
researchers in mensuration, entornology, pathology, wildlifs
biology, social sciences, and so on. it wiil also require
coliaboration with user groups, universities, and other
ressarch organizations.

1. Forest development, naturally and with management.

2. Silvicultural systemns for forest health and sustainability,
and for resisiance and resiliency to pests.

3. Management of biomass accumulation.

4. Silviculture for threatened and endangered plants and
animals.

5. Silvies of previously unmanaged species.

6. Linking terrestrial and aguatic ecosystems.

7. Technigues and tools for communicating with each other
and the public.

Forest Service silviculture researchers most often seek
answers to applied, rather than basic, research questions.
This pragmatic approach to research lends itseif to close
collaboration with user groups to identify research topics,
conduct the research, and transfer ressarch results into
application.

The ability to conduct long-term research is a strength of
Forest Service Research. There are two types of long-term
research. First are studies where variables are remeasured
over long time periods. Examples are measuring permanent
sample plots, monitoring the flow of watersheds, and testing
genetically improved trees. The second type of long-term
research deals with a series of interrelated studies that must
be conducted to gain knowledge about large, complex
problems. For example, whitebark pine {Pinus albicaulis} is a
keystone species in high elevation ecosystems. Seeds from
whitebark pine are very important in the diet of grizzly bears
{Ursus arctos horribilis), Clark's nutcracker (Nucifraga
columbiana), and red squirrels (Tamiasciurus hudsonicus),
but whitebark pine is being decimated by white pine blister
rust (Cronartium ribicola). Research is needed to understand
many things about whitebark pine, including more about
silvics, reproduction, growth, nursery practices, planting
methods, competition, genstic variability, and mechanisms of
resistance to blister rust.

A relatively stable research program makes it possible to
conduct both types of long-term studies. With stable funding,
it is possible to plan and carry out iong-term studies.
Scientific and technical staffs provide continuity of research
and safekeeping of records. But, long-term studies should be
designed to give interim results that can be applied as soon
as possible. Interim results are needed to help managers
who must make decisions using the best available
knowledge. Scientists working on both long- and short-term
studies is a good balance,

Forest Service research silviculturists also conduct short-
term studies very well. A trained and experienced workforce
is well suited to conducting studies that can be complex and
comprehensive. Forest Service research silviculturists also

have opportunities to conduct research in a varisty of
ecosystems, which provides a breadth of knowledgs and
expertise,

The interaction among today's Forest Service silviculture
researchers, colleagues, and clients is surprisingly complex,
Studies are designed to answer complex questions about
how biological systems function and how processes and
structures interact. Collaborative efforts are essential io
accomplishing the research. it is important that
administrative boundaries do not impede cooperation among
researchers because scientists need the freedom to pursue
avenues of investigation that will provide answers to
important management questions. The best coflaboration
begins at the grass roois level; generally a group of scientists
and clients define a research need, decide upon a course of
action, gather the necessary resources, and conduct the
research. Grass roots collaboration needs to be protected
and nuriured.

Forest Service research silviculiurists have many clients. In
the Interior West, users of Forest Service silviculture
research include the Forest Service Nationa! Forest System,
Forest Service State and Private Forestry, private industry,
universities, state forestry departments, other Federal
agencies, private landowners, Indian tribes, other scientists,
environmental groups, and extension and consulting
foresters. Research topics are chosen after consultation with
clients, but ressarch is not directed by user groups.

Independence of Forest Service silvicultural scientists is
necessary. Autonomy is important because scientists are
judged on their objectivity and independence {o pursue the
truth. While maintaining independence, silviculture
researchers must work collaboratively with user groups to be
familiar with their needs and 1o conduct high quality
research. Unless scientific investigation is sustained, there
will be no new technology to transfer (USFS 1995).

There are three main tasks in a Forest Service research
silviculturist's job.

1. Scientific investigation.
2. Technology transfer.
3. Information and expertise.

Scientific investigation for a research silviculturist includes
mensurative studies that quantify forest atiributes {to answer
“What is?"), manipulative studies that test hypotheses (o
answer “Why7"}, and synthesis of knowledge into
recommendations (to communicate “How {0}, Mensurative
studies (Hurlbert 1984} provide information about forestry
resources; for exampis, height-age relationships for
regeneration or annual production of wildiife browse.
Manipulative studies (Hurlbert 1884} that test hypotheses
are crucial 1o explaining observed phenomenon and helping
determine cause-and-effect relationships. Synthesis is a
larger part of a research silviculturist’s job than for other
forestry disciplines. Research silviculturists integrate
knowledge from many disciplines {o develop and test
systems, tools, and methods that can be usad to meet a
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variety of goals. Integration requires a fundamental
knowledge of many other disciplines.

Publication of research results is the most important step in
technology transfer, but it does not stop there. Scientists
make presentations at meetings, participate in field trips, and
provide training. Demonstration areas also show results of
research. Advances in technology such as videos and the
Internet provide new ways of getting information to users.

information and expertise is exchange of ideas and
knowledge. Other duties of research silviculturists include
consulting, special assignments, or involvement in inventory
and monitoring. Consulting may be adapting knowledge
gained in one ecosystem o another ecosystem, interpreting
the accumulation of literature on a particular subject, or
reviewing recommendations that are based on the scientist’s
rasearch, Today's special assignments involve participating
on assessment teams, writing management guidelines for
threatened and endangered species, and helping implement
ecosystem management,

The fundamentally important parts of a Forest Service
research silviculturist's job are mensurative studies,
manipulative studies, synthesis, and publication. If these
tasks are not done, the science of silviculture will advance
slowly. Mensurative studies quantifying biclogical
relationships. Manipulative studies test hypotheses and help
determine cause-and-effect relationships. Synthesis is the
process of integrating new knowledge with existing
knowledge and practices to develop improved management
strategies. And, of course, research findings must be
published so that the new knowledge is available to current
and future generations.

CONCLUSIONS

The number of Forest Service silviculturists and silviculture
researchers has steadily declined despite the need for both.
Demand for products from forests will remain high because
of expanding populations, rises in the standard of living, and
increasing demands for a variety of products. The products
from lorests can be traditional products (wood, water, wildlife,
range, and recreation}, newer products (such as yew bark,
mushrooms, and beargrass), or values {(such as spiritual
values, biodiversily, and forest health).

The profession of silviculture has a very important role in
heiping achieve the goals of forest management. The
importance of that role must be communicated both
internally and externally in a variety of ways and to a variety
of publics. No one approach will reach the various publics
because different groups have diverse knowledge about
natural resources, forestry, and silviculture. However, the
messages that need to be communicated are the same.
Foliowing is a listing of points about silviculture and
silvicuiture research that are important ic communicate to
each other and the various publics we serve,

® Silviculture means forest culture. Silviculturists plan and
implement treatmenis with all components of forest
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acosystems in mind. Research silviculturists design research
studies that consider all components of the forest.

® The choices are to silviculturally manage forests now or
rehabilitate them later. This is especially true in the Interior
West where wildfires, insecls, and diseases have historically
recycled accumulated biomass.

e Silviculturists realize that all forests are being managed
because they are being managed sither voluntarily or
involurdarily. Involuntary silviculture occurs when there is a
lack of planning for the care, development, and replacement
of forests.

& Siviculturisis are intecdisciplinary generalists. Silviculiure
is the profession where knowledge from many disciplines is
deliberately synthesized and applied.

& Silviculturists help achieve land management objectives.
Objectives can be tangible products or less-tangible values.

® Desired conditions are created by manipulating vegetation
to favor some species over other species. Conditions are
created over time and across the landscape.

@ The art and science of silviculture have co-evolved from
growing trees, to stand management, to stand ecology, to
landscape ecology.

® The profession of silviculture has accumulated enough
tools, experience, and scientific knowledge to begin forest
culture,

& And it is silviculturists who have the broad ecosystem-
based training to do ecosystem management.

@ Sitviculture and silviculture research have shori- and long-
term perspectives. The consequences of short-term results
must be considered in the context of long-term forest
development.

® The fundamental roles of Forest Service silviculture
research are mensurative studies, manipulative studies,
synthesis, and publication. These four roles move the art and
science of silviculture forward,

@ Forest Service research silviculturists have many clients.
Research topics are chosen in collaboration with clients, but
research is not dictated by any client or user group.

Those of us in the profession of silviculture must be proactive
in communicating the importance of silviculture and
silviculture research. Good silvicultural practices will make
people fes! good about forestry and bring more credibility to
natural resource management. Silviculturists manage to
bring out the best from our forests.
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The Value of Long-term Silvicultural Research Studies

Wayne D. Shepperd and Carleton B, Edminster’

Abstract.—Reductions in research operating budgsts and
recent trends in research management philosophy have in
many instances forced Forest Service scientists 1o realign
their research programs to compete for short-term grants
and other sources of funding. This approach may prove
detrimental in silvicuiture, a discipline where long-term
rasearch is critical for: (1) ressarch in the regeneration and
establishment of forests, (2) testing management alternatives
in established stands, (3) retaining research installations for
future remeasurement; using them as laboratories for other
disciplines, and adapting them to meet current and future
needs. We present specific examples from our own
experience wherse iong-term studies have been utilized in
these capacities.

INTRODUCTION

Neither of us confess 1o being dedicated followers of Forest
Service policy, but our keen scientific minds and combined
50+ years of experience with the agency have enabled us to
percaive what we consider o be disturbing trends in Forest
Service Sivicultural Research. First of ail, we've noticed that
we simply don't have as much money o spend on our
research as we once had. With smaller budgets, we can'’t
afford to do large-scale experiments in a time of increased
emphasis on landscapes and ecosystems. We have also
noticed that a lot of our colleagues have disappeared foo. We
now compete with our academic friends in seeking soft
money to fund research.

There ara severa! changes in management philosophy within
the Forest Service that have affected our discipline. There
has been a movement away from commodity-oriented
managemeni with an accompanying emphasis on other
resource values during the past few years. We are not
suggesting that this has been wrong, but do wonder if the
pendulum has swung so {ar that some basic principles of
foresiry have gotten trampled in the process.

Angther contributing factor is the need for quick answers in
foday's crisis-to-crisis management environment. Managers
simply don't have time to wait for the resulls of long-term
studies {o become available. As a result there is a perception
that the need for silvicultural research has been reduced. The
arguments for this position is that silviculture research is no
longer pertinent to current management needs {e.g. we
aren’t growing timber anymore, we already know sverything
wa need o know about growing trees, we need 1o learn morg
about ecosystems, efc.).

The scientific culture of rewarding scientists for the number
of scientific publications produced is also defrimental to long
term studies. Neither the scientist or the supporting agency

"Principal sitviculturist and mensurationist, Rocky Mountain
Research Station, Fort Collins, CO
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are eager to initiate research efforts where investments are
slow in producing rewards. This i3 espacially true for
scientisis performing silviculture research where it may take
years for rees to respond 1o trealment.

We fes! that subscribing to these attitudes overlooks several
critical issues. Trees are the defining component of forested
ecosystems and we do still need 1o learn more about their
biclogy, care and management. This is especially true as we
seak new ways of maintaining and managing these
acosystems for purposes other than commuodity production,
For example, we xnow a lot aboul managing forests to
produce wood fiber, but need to learn more about managing
trees to maintain old growth, provide wildlife habitat, and
reduce the risk of catastrophic disturbance in urban-interface
and other high-value erwironments, We have learned much
about the biology of tree species that have been ulilized for
wood products, but know little about many “non-commercial”
species in our forests. We have well developed silviculiure
technigques for managing even-aged, single-species, forests,
but need to refine un-even aged management techniques in
mixed species forests and at landscape scales. The word
“forest” is still in the name of the agency and as long as itis,
we need fo concern ourselves about trees as well as other
natural resources.

Bscause {rees are long-lived and grow slowly in some
ernvironments, silviculfure is a discipline where long-term
ressarch is critical. Since the Forest Service has been
managing trees for a long time and has established an
infrastructure of facilities where long-term studies can be
maintained, we feel Forest Service researchers are uniquely
capable of conducting such studies. Our scientists have
access 1o the largest network of experimental forests in the
world, many of which have on-going studies that have been
in place for decades. This gives us a tremendous advantage
over our academic and industry colleagues, whose access {0
long-term study sites is limited, or driven by production
forestry goals. We should not forsake these resources
bacause of changes in public land management philosophy,

Our theme here is 1o rernind our colleagues that silviculturs
is still a viable discipline, and that management of trees will
still be done in the future. Although it may not be commodity-
based as in the past, silviculturists are uniguely qualified and
positioned to take the lead in planning and applying that
management. Furthermore, we advocate that silviculiure
researchers should utilize existing and new long-term studies
and instaliations 1o develop vegetation management
technigues that can providg the attributes desired for our
public lands.

DISCUSSION

Long term studies are critical to several areas of silviculture
research and will be a key element {0 the development of
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new vegetation management techniques. For example,
research in the regeneration and establishment of previously
unmanaged species cannot be adequately done without
long-term studies of the factors that influence growth and
survival over time. No other method can furnish the
necessary data. Similarly, long term studies are useful to test
new managemsnt aliernatives in established stands.
Measuring growth responses {o thinning and other density
and structure coniro! technigues over time is the only reliable
way to collect the data needed to develop and refine growth
and yield models. This kind of long-term research can be
useful not only fo forest management, but also to other
disciplines such as basic ecological research. Long-term
studies can provide data on tree biology that would be useful
in developing process-based models in addition {o growth
and yield models. Long-term studies could also be useful in
the science of developing monitoring protocols.

Our agency has adopted an adaptive management
philosophy; a similar adaptive approach is needed in the
management of long-term research installations. Retaining
these research installations as field laboratories and
adapting them to new uses is another way of utilizing these
extremely valuable rescurces in answering new research
needs, Installations that were established for one purpose
can often be used for new research, with the existing data
providing a critical historic reference to set the context of the
new research.

To underscore the continued need for long-term research
within our agency, we would like 1o present several examples
from our own experience to illustrate how long term studies
can meet these needs.

Manitou Experimental Forest
Ponderosa Pine Regeneration Study

This study was established in 1981 1o compare seed iree
and shelterwood regensration methods in Front Range
ponderosa pine in Colorado. As part of the original study, we
installed a grid of 900 seed traps and 450 8 x 6 ft. plois to
monitor seedfall and seedling establishment. Fiftesn years of
monitoring have given us a very good picture of the
periodicity of seedfall in Front Range ponderosa pine as well
as a much better understanding of the growth and survival
rates of natural pine seedlings. it is becoming increasingly
apparent that good seed crops occur every 3-4 years in this
environment, but usually not sequentially (Fig. 1) and that
seedling survival follows a similar trajectory, regardiess of
the year of germination (Fig. 2). Our observations of
differential seedfall and establishment from plot {o plot have
prompted us to initiate new research on the site to identity
micro-climatic, soil, or topographic features thal might be
responsible. We have also mapped the position of overstory
trees in an effort o identify and characterize those which
produce consistently good seed crops. None of this research
would have been possible using short-terrn studies.
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Fraser Experimental Forest
Engelmann Spruce Seed Production Study

This long-term regeneration study was installed in 1969
specifically to monitor seed production in natural high-
aftitude spruce stands {Alexander and Noble 19786).
Although our continuous recourd of seed production is
unigue, perhaps the most valuable aspect of this study is
the repeated inventory of the thirteen undisturbed old-
growth stands surrounding our seed traps. This data will
soon give us a thirty year record of mortality, recruitment,
and growth in these stands. This study is an excellent
example of adapling an existing long-term study for new,
unanticipated uses.

Engelmann Spruce Provenance Plantation

This study was planted in 1870 as part of a national test of
Engelmann spruce seed sources collected from throughout
the natural range of the species (Shepperd and others 1981).
Not only has the 25 years of survival and growth records
given us valuable information about genetic variation within
the species, it has also served as an excellent demonstration
of the long-term value of using proper planting techniques at
high altitudes. Following guidelines developed by former
Rocky Mountain Station scientist Frank Ronco {Ronco 1872),
we have achieved an overali survival of nearly 70%, 25 years
afier planting, and have clearly established that most
mortality ocours in the first few years after planting. Such
long-term quantitative planting records are unigue in our
experisnce and are invaluable in training new generations of
reforestation specialists.
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Fraser Experimental Forest Cutting Methods Study

Originally established to test and compare the efficiency of
harvesting Engelmann spruce and lodgepole pine under
sven- and uneven-aged management, this study's most
important role has been as a demonstration area where
professional and lay visitors can view examples of correctly-
applied silviculture, see first-hand the differences between
even- and uneven-aged management, and discuss the
benefits/trade-offs for other resources. It has been espscially
beneficial to natural resource professionals who do not have
a forestry background. The uneven-aged sites have also
benefited silviculturist trainees who can view diameter
distribution Q curves apptlied on-the-ground.

The Fort Valley Experimental Forest
Levels of Growing Stock Study

This ponderosa pine research was initiated o study the
effects of stand density management on the development of
second-growth stands. The Taylor Woods instaliation at Fort
Valley Experimental Forest near Flagstafi, Arizona, is the
oldest of four similar installations west-wide. The area at
Taylor Wootds was commercially harvested in winter 1823-24
and contained an understory of saplings established in 1914
and smaller seedlings established in 1919, This aspect of the
study certainly qualifies as research in the regeneration and
establishment of forests and ilustrates the value of having
long-term data from a site,

The second-growth stand that developed from these saplings
was initially thinned by Gilbert Schubert in 1962 (Schubert
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1971) under a study plan written by Clifford Myers (both
former RM scientists). All the large trees remaining after the
1923-24 cut were harvested in the early 1960's, prior to the
study initiation.

Basal area annual growth rates varied by stand density as
would be expected, but growth also varied for each 10-year
remeasurement period after thinning (Ronco et al. 1985).
Note how the growth was different during the initial period
showing an adjustment to growing space after the first
thinning, and fairly consistent during the next two periods
(Fig. 3). This is an excellent demonstration of why permanent
installations are a most effective tool for researching and
demonstrating long-term stand dynamics. A ten year study
would have given much diffsrent results that the thirty-year
study has revealed.

Taylor Woods has not only been a test of management
alternatives, it is aiso an excellent exampie of how long-term
research instailations can be retained as field laboratories
and adapted to new uses. Taylor Woods has been used o
study the effects of density management on wood quality of

harvested trees, mushroom production as a food source for
Abert's squirrels, understory herbage production, resin
production and photosynthetic rates, and canopy cover.
While there has been a shift away from even-aged
management in the Southwest, the study provides an
excellent example of how the rates of tree development can
be controlled by managing stand density to obtain variability
in tree sizes in even-aged forests. Standing and discussing
the real thing is better than a conference room any day.
Permanent research instailations are critical demonstration
areas and an important communication tool for both
research and management.

North Kalbab Ranger District
Group Selection Study

This recent study installation for uneven-aged management
of ponderosa pine on the North Kaibab Ranger District,
Arizona ls an exampile of how we envision long-term studies
might be continued in the future. it seeks to determine the
sffects on stand dynamics when an unregulated large-tree
component is retained with a group selection cutiing method
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at various residual density levels, such as wouid be done for
wildlife habitat. in this study, large-tree groups have been
retained, where in traditional uneven-aged management
many would have been harvested. The study wiil provide
basic information on growth rates of smaller trees, such as
those regenerated from a previous group selection treatment
in the study site. In addition, the study is also investigating
the effects of prescribed burning on the survival and growth
of residual treas of all sizes, future regensration
establishment, and snag longevity.

By sharing resources and a study design such collaborative
long-term research efforts are more cost effective than single
discipline studies. In addition to research funding, Timber
Management and the Kaibab N.F. also contributed funding
and resources 1o facilitate plot establishment and treatment.
Research coliaborations such as the Kaibab study give
silvicultural researchers the resources to provide leadership
in adaptive management. Providing the site and resources to
help sstablish this study has given Forest personnel a vested
interest and feeling of ownership and responsibility for this
study. This is extremely important in maintaining long-term
studies, especially those established off experimental forests.
Such partnerships are critical fo the success of our research
program and we advocate their use elsewhere.

CONCLUSIONS AND
RECOMMENDATIONS

We feel that long-term silvicuiture research is an investment
that pays real dividends over time. it will be beneficial for the
Forest Service to continue to do long term research as
public land management policy evolves. Our experience
with the studies we have discussed here has convinced us
that our agency has a unique advantage over other
research organizations in that we have access to the
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facilities, contro! of the land, and the continuity of personnel
to engage in such studies. Long-term studies have always
been a key pari of the Forest Service's research program.
We feel they should be retained, adapted and strengthened
in the future to meet our agency's changing information
needs.
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Defining the Role of Silvicultural Research in
the Northeastern Forest Experiment Station

Chris Nowal, Susan Stout, John Brissetie, Laura Kenefic,
Gary Miller, BHl Leak, Dan Yaussy, Tom Schuiler, and Kurt Gottschalk'

Abstract.~—Research planning in the Northeastern Forest
Experiment Station has followed a grass roots model for
morg than two years—ROADMAPR, a research and
developiment management plan. The goals for research
within ROADMAP include understanding, protecting,
managing, and utilizing forest ecosystems. There are nine
resgarch themes set to help achieve these goals, each with a
set of research initiatives that describe contemporary and
future science, Development of the “Silviculture and
Resource Management Theme” has helped the Station
define and communicate the role of silvicuiture to a variety of
audiences. This paper presents the silvicultural statement
developed by a core group of Station scientists.

INTRODUCTION

Research pianning in the Northeastern Forest Experiment
Station has followed a grass roots model for more than two
years—ROADMAP, a research and development
management plan? This effort is grass roots because Station
scientists are guiding and coordinating Station-level
dedication to research problems, including resource
alfocations. Nine themes are being used by scientists o
describe and plan Station research: Basic Processes,
Disturbance and Ecosystem Dynamics, Forest Products and
Use Economics, inventory and Monitoring, Managing Forest
Health, Silviculture and Resource Management, Sccial and
Ecenomic Dimensions, Systems Modeling and integration,
and Wildlife. The research of the Station is organized to
provide regional, interdisciplinary, and long-term support for
understanding, protecting, managing, and utilizing forest
ecosystems in partnership with scientists at unjversities and
in industry.

Each theme was developed by a team of scientists from
across the Northeastern Forest Experiment Station. The
“Silviculture and Resource Management” team had nine
members, many considered core Station silviculturists and
all co-authors of this paper.

Science at the Station exists along a continuum from basic
science through application to management and policy. Each
team’s responsibility was to define where that team’s position
is along the continuum, that is, we had to define our role in

‘Research Forester and Project Leader, Warren, PA;
Research Forester/Project Leader, Durham, NH; Coop Ed
Graduate Student, Bradley, ME; Research Forester, Parsons,
WV, Research Forester, Durham, NH; Research Forester,
Delaware, OH; Research Forester, Parsons, WV, and Project
Leader, Morgantown, WV, respectively, USDA Forest
Service, Northeastern Forest Experiment Station.
2Unpublished document on file, Northeastern Forest
Experiment Station, Director’s Office, Radnor, PA.

the Station and then communicate it to our colleagues and
stakeholders. in this paper, we describe the role of
sitvicultural research within the Station as developed for
ROADMAF. Each team was given a list of questions to
answer in a single statement. We modified this listas a
frameawork for this paper.

WHAT IS SILVICULTURAL RESEARCH?

Sitvicultural research provides options for practical,
sustainable management of forests to produce a variety of
outputs and outcomes. Options include different methods
and guidelines for practical management of forest
ecosystems to meet landowner objectives, and o sustain
benefits in perpetuity (Nyland 18986). Included in this
research is developing the ability and tools (models) to
forecast likely outputs and outcomes from a given set of
silvicultural treatments. Benefits achieved by silviculture
include those directly or indirectly from the trees themselves,
other plants, water, wildiife, and minerals found in forested
areas, and a host of intangibles that people realize through
recreation and other noncommodity uses (Nyland 1996).

Silvicultural research uses manipulative field experiments or
computer simulations to test methods and practices for
managing vegetation to achieve desired conditions. Density,
structure, and species composition are directly altered by
cutting, herbiciding, fertilizing, planting, pruning, firing, or
otherwise disturbing vegetation. Treatments alter stand
conditions to favor the regeneration or growth of desirable
plant and animal communities, and positively affect
ecosystem functions and processes such as the hydroiogic
cycle or energy fransfer. Silvicultural research includes the
study of linkages between ecosystem atiributes and
associated plant and animal communities.

Silvicultural researchers develop technical guidelines in the
context of both ecological capabilities and social constraints.
it is the responsibility of the research silviculturist to execute
or instigate biologica! and ecological studies in support of the
development of management guidelines and options, and to
integrate new and existing basic information into those
guidelines. In doing so, guidelines are likely to produce
consistently predictable and sustainable outputs and
outcomes, and research results will be more readily adapted
to areas outside the study locale.

WHY SHOULD THE NE STATION
CONDUCT SILVICULTURE RESEARCH?

The Station is located in an area of little federal ownership.
The region’s industry consists primarily of smali- to medium-
sized firms. Eighty-five percent of forest lands are held by
non-industrial owners with small ownerships. The forest
landownaers in the Northeast do not have the resources or
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level of commitment to do long-term research necessary 1o
develop silvicultural knowiedge. The Station has a
commitment to long-term research, and has an unparatieled
base of long-term studies. Many studies established in the
1930's are just beginning to produce the intended research
outputs for which they were established. Furthermore,
landowner values change. New developments emerge from
science. Technology is improved. Society’s attitudes evolve.
And the forest changes. All of these factors combined cause
a continuing need for new silvicultural research,

Silvicultural research has been a mainstay of the Station for
75 years. Many laboratories were chartered and companion
experimental forests established to conduct this research.
The Station is conducting more than 80 long-term studies in
association with Region 9's national forests, mostly on the
Allegheny (n=31) and Monongaheia National Forests (n=33).
Most of these studies are maintained on the Kane and
Fernow Experimental Forests. These studies, and dozens of
other studies conducted with non-federal partners, are the
Station's primary strength as a research organization and a
testament to the Station's commitment to silvicultural research.

HOW WILL THIS RESEARCH BE USED?

A range of silvicultural options for muitiple forest outputs and
benefits will continue to be developed, both by refining and
extending existing knowledge and developing new methods
and guidelines. Customers {o be served with these options
include land managers (national forests, state agencies,
industry, consultants), universities, Cooperative Extension,
state Forest Stewardship programs, State and Private
Forestry, environmental organizations, and the general
public. Forest managers in the Eastern U.S. will make better
decisions regarding forest manipulations and forest
management because of our research. National Forest and
state forest plan revisions, many slated for completion by the
year 2000, will better incorporate silvicultural and resource
management issues and solutions for a changing forest
resource and changing client demands.

Most of the silvicultural guides developed over the past 75
years were developed by the USDA Forest Service,
University curriculum in forestry prominently inciudes many
of the silvicultural principles and practices developed by
Forest Service researchers. As research results are
published, new silvicultural knowledge is integrated into
curricula to help produce well-trained professionals, Similarly,
silvicultural researchers are keyed to directly interact with
customers through a variety of training sessions, field tours,
and other technology transfer activities.

Historically, silvicultural and rescurce management principles
and practices have been well adapted by owners and
managers of large land areas, but not by the Northeast's
dominant body of forest-land owners—the nonindustrial
private forest-land owner (NIPF). As the Northeast's forest
matures, pressure o harvest the timber resource across the
Eastern U.S. is increasing, especially on NIPF lands, so
research must be applicable to thess lands. We nesd to
develop siivicultural guides that will allow NIPF's o make

116

more informed decisions regarding the management of their
forest tands.

WHO IS DOING THIS RESEARCH?

Centers were established over 50 years ago to provide
regional coverage of the major forest types: northern conifer
and northern hardwood {(Durham, NH), northem hardwood
and Allegheny hardwood (Warren, PA), Appalachian
hardwood, transition oak, and oak-hickory (Parsons, WV)
and cak-hickory (Delaware, OH} (Fig. 1). Each of these unils
is the steward of at least one sxperimental forest. Eight
Station scientists are focused primarily on silviculture and
resource management research in these four units, while the
research program of an additional 25 scientists includes
some research in this theme, for a total of 11 scientist years,
or about 11 percent of Station resources, both staffing and
doliars.

WHAT ARE THE RESEARCH INITIATIVES?

During the ROADMAP process, the team described the
direction for silvicultural research in three major initiatives:
regeneration, multiple tangible outputs, and intangible
outcomes.

Regeneration Inltiative

Developing regeneration practices that work for ail
ownerships is the foremost research initiative. Understanding
regeneration patterns and processes is critical to sustainable
resource management and a cornerstone of future
silvicultural research. We will focus research on developing
desired mixed-species regeneralion in northern hardwoods
and conifers, Allegheny and Appalachian hardwoods,
northern conifers, and a variety of cak forest types, including
fransition oaks and oak-hickory. Fire as a tool will continue to
be studied {0 regensrate the oaks. Planting guides will need
to be refined and devsioped not just for cak, but for other
species too. And for some species, especially caks on mesic
sites, maintaining the planting investment will mean a nesd
for new research information on weeding and cleaning.
Regeneration research will occur in even-age systems,
uneveri-age systems, and new practices will be developed
for the emerging two-age system. This new system will be
important as it relates to NIPF lands. Partial cuts made on
private lands often result in two-aged stands.

Example No. 1. —Understory vegetation responses to
thinning have received little study, primarily because the
focus has been on the residual overstory trees. Understory
responses to thinning may affect subsequent efforts to
regenerate. Aesthetics and wildlife habitat may also be
affected. We have begun to examine the long-term effects of
thinning to different residual densities and structures on
understory development {Yanal, in press). Siudy treatmentis
include a thinning from above, which emulates diameter-limit
cutting, a common non-silvicultural practice on private lands.

Bartlett Experimental Forest have featured the use of group
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selection—the harvesting of trees in small groups as
contrasted with single-tree removals. Group selection
concentrates the harvesting on groups of mature/
overmature {rees, produces excelient regeneration in
northern hardwood stands, and is acceptable to many
NIPF’s. Research continues on the effects of a broad range
in group size on regeneration, productivity, and wildlife
habitat, and the influence of site or landtype on group-
selection dynamics {(McClure and Lee 1992; Leak and Filip
1977).

Example No. 3.—Regenerating oaks on mesic sites is a
widespread problem for forest managers throughout the
eastern deciduous forest biome. Regeneration methods
continue to be evaluated (Schuler and Miller 1985) and
refined to achieve oak regeneration objectives (Schiesinger
and others 1993, Loftis 1990). The Station is starting an oak
regensration initiative {o coordinate efforts in this area. It will
be concentrated within the oak-dominated forest types of
Pennsyivania, Ohio, West Virginia, and Maryland. A portion
of this area has suffered regeneration failures due to severe
gypsy moth mortality, lack of advanced regeneration,
overbrowsing by deer, invasion by exotic plants, other insects
and pathogens, fire control, and lack of seed sources. We will
develop techniques for rehabilitating these sites to restore

oak-dominated forest ecosystems. Ecological site
classification and other tools will continue to be used to help
in the development of regeneration treatments. Natural (see
Examples No. 4 and 5) and artificial (see Example No. 6}
regeneration technigues will be developed. Cleanings and
other precommercial silvicultural treatments will be
investigated in relation to maintaining oak presence once
regenerated {see Example No. 14). The goa! of the research
initiative is to develop guidelines for use in Eastern U.S.
forests; therefore, treatments will need {c be simple and cost-
effective for them to be considered and implemented by
NIPF landowners.

Example No. 4 —There is wide recognition that oaks are
highly fire adapted, and that fire played a major role in the
ecology of cak forests in the past, particularly in promoting
the dominance of oak in regeneration layers. Fire has been
absent from most of the oak-hickory type for most of this
century. A study was recently initiated to determine the
ecological response of mixed-oak communities in southern
Ohio to prescribed underburning under falt and spring fire
regimes. In addition to measuring tree regeneration
response, the study aims to develop silvicultural tools for
restoring the structure (fire adapted flora) and function o
mixed-oak forests.
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Example No. 5.—Regeneration practices that promote two-
age stand structures have been appiied as a viable
alternative fo clsarcutting on national forests, state forests,
and private forests in many eastern states. Similar to
clearcutting, two-age regeneration treatments provide
adequate light and seedbed conditions for the germination
and devslopment of numerous desirable hardwood speciss
(Miller and Schuler 1995). However, this innovative
sitvicultural practice entails leaving a certain number of
mature overstory irees per unit area in perpetuity io meet
additional management objectives, particularly aesthetics
and wildlife habitat. New research is needed fo determine the
growth patterns (for example, crown expansion rates) of the
residual trees and the long-term effects of such factors on
the developing reproduction. One such study is aimed at
defining improved methods for increasing the proportion of
cak regeneration that develops before and after two-age cuts
are applied. This work includes shelterwood treatments to
promote more competitive advance oak reproduction before
two-age cuts and cleaning treatments to sustain saplings
once they are established.

Exampie No, 6.-—Natural regeneration methods for cak may
require a lengthy period of time. An alternative regeneration
technique being considered is the use of plastic tree shelters
to protect seedlings from deer browsing and to stimulate
juvenile height growth {Schuler and Miller 1996, Smith 1993).
Tree shelters were developed in Europe and have been
undergoing tield trials since the late 1980’ in the Eastarn
U.S. Station personnel have been ieaders in determining the
utility of tree shelters for differing silvicuitural practices and
land ownership preferences (Walters 1993, Smith 1993).
Ongoing studies on both the Allegheny and Monongahela
National Forast are evaluating the operational utility of
sheiters. Several long-term continuously monitored tree
shelter studies are located on the Fernow Experimenial
Forest in West Virginia. The results from these sfforts have
ted to the development of guidelines for tree-shelter use in
establishing mesic-site oaks {Schuler and Miller 1996, Smith
1993). Continued research in this area is attempting to
identify silvicultural treatments needed to maintain
successfully established oak seedlings within the upper
canopy stratum during the early stem exclusion stage.

Multiple Tangible Output Initiative

Historicaily, silvicultural research has focused on
regeneration and wood production at the stand-level. Within
the Station, long-term studies are being adapted to include
additional non-commodity outputs within & hierarchy of
spatial scales. And new studies are being installed {o relate
silvicultural practice to wildlife and wildlife habitat, aesthetics,
old-growth (Nelson et al. 1997, this volume), forest health,
riparian values, and the interactions among all these values.

Example No. 7.—In 1992, a 10-year research study was
begun to determine the impacts of glyphosate and
sutfometuron methyl on plants and wildlife in Allegheny
hardwoods. The featured dependent variables in the study
are herbaceous plants, small mammals, amphitians and
songbirds. This ressarch focuses on herbicide-shelierwood
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freatments, while a related administrative study focuses on
the impact of herbicides in group selection treaiments.

Example No, 8, —Hesearch on the implications of two-age
silviculture as an alternative regeneration method was
initiated by Station scientists and land managers on the
Monongahsla National Forest in 1979 (Smith et al. 1989).
Continuing silvicultural research is in progress to determine
how the residual trees {density, structure, and species
composition) affect the regeneration of eastern hardwoods
and the production of multiple forest benefits such as
aesthetics, species diversity, high-quality wood products, and
habitat for wildlife species. For example, songbird density
and nest success 10 years after clearcutling were compared
with that observed 10 years after two-ags cuts (Miller et al.
1995). Overall songbird density was greater in the two-aged
stands, primarily as a resuit of the more diverse vertical
structure of the residual stand. Other examples include
comparisons of the aesthetics of two-age o other silvicultural
reatments (Ping and Hollenhorst 1993) and evaluations of
the immediate and long-term product market options of two-
age systems compared fo alternative management systems
{Miller and Baumgras 1994) associated with perpetual two-
age structures. As the application of two-age systems
becomes more common, long-term data and experience
gained from studying the early stage of iwo-age systems will
play a vital role in answering new questions.

Example No. 9.—0On the Kanse Experimental Forest on the
eastern edge of the Allegheny National Forast, a well-
designed cleaning study was established in young Allegheny
hardwoods in 1936, During the winter of 1986-97, we re-
opened this study and remeasured tree and stand growth
and development, including quality, fo meet contemporary
needs for information on young stand silviculture. Similar
long-term studies of cleaning and weeding are being
analyzed across the Station for northern hardwoods,
fransition oak, and pak-hickory.

Example No. 10.—Since the early 1950's, Station scientists
have been evaluating effects of an array of silvicultural
treatments on composition and structure of mixed northern
conifers at the Penobscot Experimental Forest in east-central
Maine. Even-age treatments in this replicated experiment
include clearcutting and shelterwood. Selection stands in this
study are the only examples of uneven-age silviculture in
northern conifers in the Eastern U.S. Treatments also include
diameter-limit cutting which, although not part of a
silvicultural system, is a common practice in the region. initial
goals of the study were to determine how best to manags for
financial returns and to determine if silviculture could reduce
impacts of periodic spruce-budworm epidemics. As the
treated stands developed, they also have been used to
evaluate silvicultural effects on soils, wildlife habitat, insect
diversity, coarse woody debris, and individual tree and stand
growth efficiency.

Two recent publications demonstrate the value of this
experiment to land managers. A financial analysis by Sendak
and others (1996} indicated that the managed forest value is
greater under selection silviculture than under even-age



systems. In an evaluation of the affects of intensity and
frequency of harvesting on natural regeneration, Brissetle
{1996) showed that regardiess of ireatment, regeneration is
prolific and dominated by balsam fir, hemlock, and spruce.
However, a number of other species are well represented,
providing managers with several options to meet future
objectives, The value of these two analyses was substantially
enhanced because of long-term databases available. This
study has produced a diversity of stands with a range of
species composition and structure, and interest in it for
overlaying additional studies continues to grow.

hardwoods were first developed in the mid-1970s using
short-term field study results and computer simulations
{Roach, 1877) and refinad with longer term research
(Marquis 1986, 1994; Ernst 1987; Marquis and Ernst 1991
Nowak 1998, 1987 Nowak and Marguis 1997). Many long-
term field experiments on thinning are just now entering the
end of the first cutting cycle, about 15 to 20 years after the
initial cut. Thinning guidelines will continue to be refined
using long-term results of these guidelines. A classic set of
response variables will be featured in these studies,
including wood production, free stem quality, and understory
vegetation response to changes in stand density, structure
and species composition. A mechanistic approach will be
used, for example, individual tree response will be related to
crown architecture (see Nowak 1996) and other life history
characteristics, and stand response will be related to plant
succession and stage of stand development.

Example No. 12.—Silvicultural treatments can minimize
gypsy moth damage to host hardwood stands. Decision
charts were developed that match the proper prescription to
existing stand and insect population conditions based on
ecological and silvicultural information on forest-gypsy moth
interactions (Gottschalk 1893). Some of these silvicultural
freatments are currently being tested in several large
research and demonstration studies with encouraging
prefiminary results. Use of silviculture to manage gypsy moth
effects gives the forest manager tools other than chemical or
hiological insecticides for developing integrated pest
management programs. Prescriptions for treatments take
several approaches: reducing stand susceptibility and the
probability of defoliation by changing species composition
and gypsy moth habitat features; reducing stand vuingrability
and the probability of mortality by removing trees most likely
to die after defoliation (Gottschalk and MacFarlane 1993}
and leaving trees more likely to survive and increase in vigor
including regenerating stands in some cases; and treating
stands after defoliation by salvage of dead trees, thinning of
live trees to increase vigor and regenerating understocked
stands.

Example No, 13.—Thirty-year rasults from a precommercial
thinning study on the Bartlett Experimental Forest in a 25-
year-old stand showed that fairly drastic freatments {for
exampie, release of 400 crop trees/acre on all sides or
complete removal of ail weed trees) produced modest
increases in tree diameter but had little effect on the species
composition or structure of the stand (Leak and Smith, in

press; Leak and Solomon, in press}. Monitoring continues on
the long-term effects of early thinning on quality deveiopment.

Example No. 14,—Thinning entalls providing individual trees
with added growing space Dy releasing their crowns, that is,
removing adjacent trees whosse crowns touch those of
desirable crop trees. Such crown-release treatments have
been studied in 7- to 80-year-old stands in the central
Appalachian region since the 1960's. Results of these trials,
formerly published in numerous separate reports, were
synthesized and combined with new information from more
recent studies {Miller, in press). Crown growing space,
derived from the proportion of crown perimeter free-to-grow
and distance to adjacent competing trees, is a significant
independent variable that affects growth response. Crown
growing space has a positive effect on d.b.h. growth and
crown gxpansion and a negative effect on height growth and
length of clear stem. The impact of crown growing space
diminishes with tree age, though significant increases in
d.b.h. growth were observed for 80-year-old trees. Additional
research is needed to define how crown growing space
affects other responses such as resistance to diseass,
longevity, and seed production. Applications of crown release
freatments might be useful in sustaining certain individual
trees for wildiife habitat and/or accelerating the development
of certain stand attributes such as old-growth that are
defined, in part, by tree size.

resources requires linking our understanding of wildiife
habitat requirements to measured vegetative conditions.
Using data from a series of operational- and research-scale
study stands, scientists are refining thresholds for wildlife
habitat in managed stands. In the short term, they will
produce assessment tools for NED, a family of decision
support software tools under development by the Station.
Ultimately, researchers will develop silvicultural prescriptions
to maintain, improve, or create habitat for specific wildlife.

Example No. 16, —Awareness of the importance of dead
wood structures in forests has increased. The role of dead
wood as habitat for wildlife and as foundation for many
important processes such as regeneration and nutrient
cycling is being investigated in many work units.

Intangible Outcome Initiative

The focus of silvicultural research is shifting from single and
multiple value objectives to relationships among silvicultural
activities and landscape-scale ecological balances, biological
diversity, commodity production and other singie forest value
needs. Challenges for the future include expanding our
mindsets from stands to landscapes, and from tangible,
measurable outputs to intangible values that are more
difficult to measure,

Example No. 17.—For more than 50 years we have
recognized that deer impact is too high for many forest
values on the Allegheny Plateau (Redding 1985}, and that
silvicuiture may be used to mitigate deer impact by
manipulating deer forage-density-impact relations (Hough
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Figure 2.—Silviculture is the bridge between human values and forest ecosystem dynamics.

1953). Despite the long-term recognition of deer problems
and attendant solution possible with silvicuiture, it is only with
contemporary research (Stout et al. 1996; Stout and
Lawrence 1996) that guidelines are being developed to
specifically manage forest harvest areas and their spatial
patterns to minimize the impacts of deer browsing on forest
regeneration, wildlife habitat, and biological diversity.

Example No, 18, —Silvicultural research is moving from a
preoccupation with stand-level responses to evaluation of
silvicultural effects on species, structure, and wildlife habitat
at the landscape level. Scientists recently compieted an
analysis of 60 years of data on the cumulative effects of
management and natural disturbance (disease and wind
damage) on species and structure across the Bartlett
Experimental Forest. This analysis showed that natural
succession (eastern hemiock dynamics particularly) was the
primary influential factor—emphasizing the resilience of New
England forests and their resilience to exogenous
disturbance (Leak and Smith 1996). Similar examinations of
jong-term silviculture effects across ecosystems and
landscapes are possible throughout the Station.

Example No. 19.—The effects of forest cutting on residual
stand conditions have been examined across the State of
Pennsgylvania in two recent studies (McWilliams et al. 1995;
Finley and Jones, in press; Nowak, in press). Future work
should include more refined analysis of regeneration
patterns across the Commonwealth and implications for
sustainability, health, and productivity.

WHAT ARE THE LINKSTO
THE OTHER EIGHT RESEARCH
THEMES IN ROADMAP?

Silviculture is the bridge between human values and forest
ecosystem dynamics (Fig. 2). Research provides the tools for
managers to build that bridge.
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As an integrating discipline, silvicuitural research is viewed
as the bridge between all of the more basic ressarch themes
(such as Basic Processes and Disturbance and Ecosystem
Dynamics) and the social and economic dimension themes
{such as Social and Economic Dimensions, and Forest
Products, Production, and Use). This research is paralle! to,
and must be cocrdinated with, other management research
themes (such as Inventory and Monitoring, Managing Forest
Health, and Wildlife ) and the other information infegrating
theme-—Systems Modeling and Integration. The silvicultural
theme integrates and translates more basic science
information and information about societal needs into context
for methods, guidelines, and models for managing forests.
The approach for silvicultural and resource management
research is focused on looking at the effects of manipulating
vegetative communities. The nature of manipulation and
variables for study are based on results from the more basic
themes and customer needs. Study goals are built from
social and human dimensions research. Research results
from the themes in ROADMAP are the foundations and
provide the biological and social sideboards for silviculture
and resource management research and development.

The bridge analogy has been useful in communicating the
role of silviculture and silvicultural research. It stresses the
contribution of silvicultural research—developing practical
options for sustainable management of forests—while
building a critical relationship of silviculture to the other
disciplines. As the other disciplines produce new knowledge,
silvicultural researchers are poised to fashion that new
information into useful and tangible resource management
guidelines.

THIS IS A WORK IN PROGRESS ...

The key to a successiul future role of silvicultural research is
continued communication, continued redefinition of what
silviculture research is and can be, and continued growth in



the relationship between silviculture and the other
disciplines. A critical part of that communication is feedback
from our stakeholders. We invite constructive criticism of this
paper so that we can incorporate new ideas into our growing
portrayal of silvicultural research in the Station,
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Two-Age Silviculture on the Monongahela National Forest—
Managers and Scientists Assess 17 Years of Communication

Gary W. Miller, James E. Johnson, John E. Baumgras, and R. Gary Bustamente’®

Abstract.—This report desoribes the development of two-
age siiviculture on the Monongahela National Forest and
provides an assessment of the practice as it is applisd today.
Silviculturists at each ranger district provided a chronology of
the communication process between managers and
scientists that led to current stand treatment prescriptions. In
addition, data were collected from a total of 20 recently
treated stands on four ranger districts, This information was
used to assess two-age sysiems in terms of current stand
conditions and the implications for future species
composition and stand structure. Comments obtained from
land managers and the accompanying field data are used to
iflustrate how the ongoing communication process helped to
provide feedback, clarify objectives, motivate useful
research, define feasible options, and produce a flexible land
management tool.

INTRODUCTION

For many vears, clearcutting was an important silvicultural
practice for harvesting and regenerating new stands of
central Appalachian hardwoods on the Monongahela
National Forest (MNF). Public opposition to the visual
impacts of clearcutting led fand managers to seek
alternatives that provide adeguate light and seedbed
conditions for tree regeneration, but are more aesthelic after
cutting while the new stand becomes established (Smith and
others 1989). Since 1991, clearcutting has been prescribed
on a decreasing number of acres on the MNF and is being
replaced in part by two-age silvicultural systems, alternative
regeneration methods that show promise in sustaining
multiple forest benefits such as aesthetics, species diversity,
high-quality wood products, and habitat for many wildiife
species.

This paper describes an ongoing partnership between land
managers on the MNF and scientists at the Northeastern
Forest Experiment Station (NEFES) that led to the expanded
use of two-age silvicultural systems to mest emerging
management objectives. First, background information is
provided to clarify silviculture terminology and to chronicle
the history of two-age silviculture as it has been applied on
the MINF. Second, the process of communication between
managers and scientists is summarized to demonstrate a
possible model for others 1o use in developing and

'Research Forester, USDA Forest Servics, Northeastam
Forest Experiment Station, Parsons, WV, Associate
Professor, Virginia Polytechnic Institute and State University,
Blacksburg, VA; Research Forest Product Technologist,
USDA Forest Service, Northeastern Forest Experiment
Station, Morgantown, WYV, Forest Silviculturist, USDA Forest
Service, Monongahela National Forest, Elkins, WV,
respectively.

implementing innovative silvicultural practices. Third, resulis
from a receni study of 20 two-aged stands located
throughout the MNF are provided to illustrate the current
status of this practice in three forest cover types.

BACKGROUND

Two-aged stands resemble those treated with a seed-tree or
shelierwood practice in that a given number of overstory
trees are retained while all other trees are cut (Fig. 1).
However, to maintain a two-age stand siructure, the residual
trees are not cut once the reproduction becomes established
as in even-gge practices. Instead, the harvest of the residual
trees is deferred until new reproduction is between 40 and 80
years old, generally one-half to a full sawtimber rotation. The
result is a two-age stand structure. Once the two-age stand
structure is established, similar practices can be repeated at
intervais of 40 to 80 years 1o maintain this condition for many
years. Management of some stands on the MNF is based on
a 200-year rotation, so two-age cuts could be applied several
fimes per rotation.

Sitviculturists use several terms to describe regeneration
methods that effectively creale a two-age stand structure.
Thase terms include deferment cutting, clearcutting with
reserves, shelterwood with reserves, and irregular
sheiterwood. Deferment cutting and clearcutting with
reserves are used to describs practices in which residual
frees are retained for an entirg sawtimber rotation to achieve
goals other than reproduction. The other terms describe
practices in which residual frees are retained 1o achieve
goals other than regeneration, but not necessarily for an
entire rotation. Thus, the terms used to describe two-age
regeneration methods are defined by how long the residual
trees are 0 be retained. In practice, residual trees can be
retained for different periods of time to achieve different
goals. For this reason, two-age silviculture is a general term
that describes a host of regeneration methods designed o
maintain and regenerate a stand composed of fwo distinct
age classes that are separated by more than 20 percent of
the planned rotation.

Silvicuitural systems that promote a two-age stand structure
have been initiated on national forests, state forests,
industrial forests, and to & lesser degree on nonindustrial
private forests in many eastern states. A similar practice
called “insurance silviculture” was applied in Pennsyivania to
retain a seed source in the event of a regeneration failure
{Bennett and Armstrong 1981). The reasons for using two-
age silvicultural methods are twofold: to regenerzie a variety
of species, particularly those that are shade-intolerant, and
to mitigate the perceived negative visual impacts of
clearcutting. Similar to clearcut stands, natural regeneration
that follows two-age regeneration mathods includes & variety
of both shade-tolerant and shade-intolerant commercial
hardwoods (Trimble 1873; Miiler and Schuler 1985}, Unlike
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Figure 1.—A two-aged central Appalachian hardwood stand 3 vears after treatment.



clearcutting, howaever, the presence of residual overstory
trees improves assthetics and maintains a more diverse
vertical stand structure that may benefit certain wildlife
species {(Pings and Hollenhorst 1993). As the new cohort
develops beneath the large overstory residuals, the stand
has two distinct height strata. These strata provide a diverse
habitat for songbirds that forage in high canopy trees (Wood
and Nichols 1995), as well as those that require a brushy
cover characteristic of a young even-aged stand (DeGraaf
and others 1991). Two-agse silvicultural practices also provide
an opportunily to retain species that produce hard mast for
wildlife food.

Early History

During the 1970's, forest managers on the MNF began
considering alternative regeneration methods in response o
public criticism of clearcutting. An employes of the USDA
Forest Service visited Europe and learned of deferment
cutting, a two-age regeneration practice used to manage
larch, pine, and oak-beech stands (Kostler 1956; Troup 1966)
to improve the aesthetics of even-age practices that remove
the overstory over a relatively short interval. In 1979, an
experimental deferment cut was applied on the Greenbrier
Ranger District in cooperation with NEFES scientists at
Parsons, West Virginia. Five additionai experimental
deferment cuts were applied on the Cheat and Marlinton
Ranger Districts and the Fernow Experimental Forest by
1883. These study sites, which range from 10 10 15 acres,
have since provided preliminary silvicuitural information on
two-age regeneration methods for forest managers who are
interested in alternatives to clearcutting.

After the experimental deferment culs were applied, the
study sites served as valuable demonstration areas where
students and forest managers from the forest industry and
various public agencies were able to see two-age silviculture
in action. As these two-aged stands developed through the
1980's, preliminary reports were published on residual tree
growth and the development of regeneration (Beck 1986;
Smith 1988; Smith and others 1989). In addition, forest
managers on the MNF were able to visit these stands over
the course of several growing seasons to monitor the
progress of the new reproduction and to evaluate their
potential as an alternative to clearcutling.

Recent History

in 1990, a team was organized on the MNF to define and
evaluate possible alternatives to clearcutting. This team
included experts from many disciplines: wildlife biology,
landscape architecture, silviculture, and forestry research.
Two-age management was included as a viable alternative
for regenerating shade-intolerant species and improving
aesthetics. The first operational two-age cuts were applied on
the Potomac and Greenbrier Ranger Districts in 1991, These
stands aiso served as demonstration areas for managers
from other districts.

Since then, clearcutting has been prescribed on a
decreasing number of acres. Since 1980, regeneration
treatments were prescribed on an average of 1,500 acres/

year on the MNF. The proportion of acres on which
clearcutting was prescribed declined from 98 to 45 percent
from 1990 to 1985. in most situations, two-age regeneration
freatments wers prescribed instead of clearcutting, and this
trend is expected to continue,

In 1995, personnel from the MNF, NEFES {Parsons, WV),
and Northeasiern Area State and Private Forestry
{Morgantown, WV) collaborated on a Marker Training
Workshop for timber marking crews on the MNF.
Silviculturists and marking crews from each district attended
a 2-day training session that focused on proper residual
stand stocking levels and criteria for identifying leave-trees 1o
meet various management objectives. This workshop
included hands-on marking exercises in various forest cover
types. An important resuit of this workshop was that the
concerns of district sitviculturists, specialists from non-timber
disciplines, and administrators on the forest were included in
the marking guidelines. As a result, timber marking became
more consistent throughout the forest, and marking crews
were betller prepared fo implement the intended prescriptions.

The process of evaluating two-age practices and improving
application methods on the MNF is continuing. The
aesthetics of residual stands were compared o those
rasulting from other silvicuttural methods {Pings and
Hollenhorst 1993). A study of songbird density and nesting
success in two-aged stands was conducted from 1992-1996
{Wood and Nichols 1995; Miller and others 1895). Logging
economics and product market options also have been
investigated (Miller and Baumgras 1994; Baumgras and
others 1995). New studies are planned 1o develop improved
methods for increasing the proportion of cak regeneration
that develops before and after two-age cuts are applied.

COMMUNICATIONS

The following sections describe highlights in the ongoing
partnership between land managers and scientists that led fc
increased use of two-age silvicuiture as an alternative to
clearcutting on the MNF, The first two sections describe how
managemesnt objectives and stand treatment prescriptions
evolved during this process, followed by recommendations
from forest managers for fulure research neaded to improve
the effectiveness of two-age regeneration methods. Finally,
some suggestions on useful communication tools are offered
that might assist other forest management partners in
developing and implementing inncvative silvicultural practices.

Defining Forest Management Objectives

An important first step in the development of two-age
silviculture on the MNF was 1o narrowly define the problem
and to clarify the management objectives so that specialists
from a variety of resource management disciplines could
work toward a common end. Initially, the problem was
defined as the need for practical alternatives o clearcutling.
The obiectives were fo identify alternative regeneration
methods that providse for adequate desirable regeneration
after harvest operations and improve the aesthetics of
treated stands compared to clearcutting.



A range of regeneration methods was evaluated based on
their efectiveness in providing the light and seedbed
conditions necessary to regenerate desirable species, while
improving the post-harvest aesthetics compared to
clearcutting. In evaluating potential allernatives, additional
management objectives became apparent. For sxample,
group selection, which results in small clearings (0.5-2.0
acres) where desirable regeneration can develop and
assthetics are improved compared to clearcutling, is a viable
alternative. However, this alternative would require a
dramatic increase in the number of sale acres o regenerate
the same number of acres as would be possible through
clearcutting. Another objective for alternative harvest
methods called for silvicultural practices that would not
involve sale acres beyond prastical limits. While group
selection is a sound silvicultural practice, other regeneration
methods (in addition to group selection) were needed to
address concerns about sale acreage.

The impiications for wildlife habitat also were considered in
evaluating potential alternatives to clearcutting. Several
options such as seed tres, shelterwood, and two-age
practices, which entail the retention of residual tress, were
recognized as improvements over clearcutting because
residual frees provide mast, dens, perches, and habitat for
foraging and nesting for many wildlife species. Moreover,
two-age practices were superior because residual trees are
retained for a relatively long time compared to seed tres and
shelterwood practices. As a resull, improved wildlife habitat
also amerged as one of the management objectives used to
define suitable allernative harvest methods.

As resource management specialisis and scientists worked
foward defining a suitable alternative io clearcutting, various
silviculiural options also were evaluated in terms of their
potential effect on Forest Plan goals and management
prescriptions. For example, each aiternative was evaluated in
terms of its effect on recreation, aesthetics, harvest volumes
and acreages, and economics. The interaction among the
various resource specialists, scientists, and administrators
that occurred during this process resulied in a valuable
exchangs of ideas and a more integrated approach {o land
management that continues today. Through this process,
land managers at the district level became better prepared to
prescribe sland treatments that account for many
management objectives involving muitiple forest resources.

Stand Prescriptions Then and Now

Based on information provided by forest managers at each of
the ranger districls, stand prescriptions for two-age
regeneration methods have changed since 1991 as
individual silviculturists build on their experience with this
relatively new practice. The iniliai prescriptions called for
residual basal areas ranging from 20 10 40 fi¥/acre, with the
rasidual stand composed of mostly sawtimber frees (Smith
and Miller 1891). Actual residual stocking levels alter harvest
cperations were greater than intended because marking
crews were accusiomed fo leaving more irees as is done in
thinnings or seiection cutlings. There also was a tendency (o
remove most of the larger, high-gualily sawtimber and retain
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the smaller, low-quality sawtimber and poletimber. This was
due in part to the perceived risk of grade loss, logging
damage, or grade reductions from epicormic pranching to
residual trees during and after harvest operations.

As silviculturists and marking crews on the districts gained
more experience with this practice, and additional
information about the response of residual trees was
provided by sclentists, stand prescriptions have changed
accordingly. In general, the more recent stand presciptions
reflect an increased emphasis on enhancing the long-term
species composition of the regeneration and guality of the
residual trees. More recen! prascriptions require lower
residual stand density, ranging from 20 to 30 #¥acre with
about 15 1o 20 sawtimber trees/acre. These prescriptions
also call for cutting all other stems 1.0-inch ¢.b.h. and larger.
Lower residual densities are more favorable to the
reproduction of desirable shade-intolerant spacies,
particularly over long periods of time when crown expansion
of residual trees may interfere with reproduction. Current
prescriptions also calt for leaving larger, high-guality, long-
lived sawtimber trees because vigorous codominant trees
are less likely to die or suffer grade loss after treatment than
trees in weaker crown positions (Miller 1996).

Guidelines for choosing residual trees to improve wildlife
habitat also have improved as forest managers gain
experience with lwo-age reganeration methaods. This
improvement is the result of continued interaction among
personnel of several resource disciplings, since the first two-
age cuts were applied on an experimental basis in 1979,
Desirable residual trees for mast production include
American beech, black gum, hickory, and the oaks. For
example, while oaks are preferred residual trees for wildlife
and timber because they are long-lived and produce acorns
for a ralatively long tims. For habitat diversity, residual trees
also include cull tregs with iarge cavities, standing dead
trees, and conifers such as hemiock, pines, and spruces.

Research Resuits and Fulure Needs

Two-age regeneration practices were applied on an
experimental basis in six central Appalachian hardwood
stands on the MNF and the Fernow Experimental Forest
from 1978 to 1983. These areas ranged from 10 to 15 acres
on site index 70 and 80 for northern red oak and provided
preliminary results on the growth and development of the
residual overstory trees and the species composition and
quality of reproduction that became established after the
treaiments were applied. Such results were shared with
silviculturists on the MNF over the years and later published.
The following sections provide a brief review of research
resulis that were helpful in developing stand prescriptions in
use today, Inllowed by a summary of new research that
forest managers need for the future,

& Review of Besearch Resuils

0.b.h. Growth.—In general, residual trees after iwo-age
regensration harvesis exhibited faster diameter growth
compared 1o control trees in uncut stands over the 10-year



study period, though growth
response varied by individua
species (Miller and others 1955)

Table 1.—Ten-year d.b.h. growth for ceniral Appalachian hardwoods relsased by
deferment culting versus unrelessed controls

{Table 1). Residual trees were free- 10-year

to-grow with an average crown Species Treatment  Number of initial d.b.h.

growing space of 20 feset to adjacent irees d.b.h. growth P

residual tree crowns afler trealyent L. oS <« - =

(Miller and Schuler 1995). Control White oak Release 59 14.5 2.89 <0.01

trees also were codominant, but they Control 14 10.6 1.02

had crown competition on all sides i )

during the study period. For black Chestnut oak Ffelgase 12 4.4 2.18 0.3

cherry, average d.b.h growth of Control 6 7.2 1.57

untreated controls exceedsd that of

released trees, though the difference Red oak Release 200 16.7 3.34 <0.01

was not statistically significant (P = Control 58 19.9 1.92

0.48), For all other species tested, Yellow-poplar Release 193 17.8 3.65 <0.01

released trees had greater average Control 46 17.3 1.95

d.b.h. growth compared to that for

control frees. Black cherry Release 66 4.2 2.30 0.48
Control 47 16.9 2.21

D.b.h. growth of released trees was

45 1o 134 percent faster than Basswood Release 18 15.1 2.83 <0.01
Control 9 18.6 1.47

contrels, led by white ocak, yeliow-

poplar, basswood, and red oak.
White oak, chestnut oak, red oak,
and basswood grew faster the
second 5 years compared to the first
5 years after treatment. For yellow-poplar, residual trees
grew faster during the first 5 years afler treatment, though
growth during the second & years continued {0 exceed that
of controls.

for initial dbh,

Survival and Quality of Residual Trees.—A total of 667
residual trees were monitored for survival and quality after
two-age cuts were applisd (Miller 1898). After 10 years, 83
percent of residual trees had survived. A total of 6 trees (1
percent) were destroyed or removed due to inadvertent
damage during logging. After logging, 22 trees (3 percent)
died within 2 years, and an additional 38 trees (6 percent)
died between the 2nd and the 5th year. Mortality after the 5th
year was greatly reduced; only an additional 7 trees (1
percent) died by the end of the 10th vear. Moriality was
greatest for black cherry (more than 20 percent), least for
vellow-poplar (less than 5 percent).

The risk of residual trees developing new epicormic
branches increases as the intensity of the cut increases
(Trimble and Seegrist 1873). Epicormic branching increased
for all species within 2 years after two-age cuts compared to
pretreatment levels. Between year 2 and 10 there was no
significant increase in the number of epicormic branches on
the butt 18-foot log sections. Epicormics continued 10
increase on the second 18-foot log section for black cherry,
red oak, and yellow-popiar. The net effect on quality was that
12 percent of residual trees exhibited a reduction in grade
{Hanks 1976) due to new epicormic branches over the 10-
year study period. Of the few grade reductions observed,
white oak, northern red oak. and black cherry were most
susceptible, while less than 1 percent of yellow-popiar irees
had lower grades due to epicormic branching.

*P= probability of a larger F for 10-year growth; analysis of covariance means adjusted

Logging operations resulied in bark wounds {exposed
sapwood) on about one-third of residual deferment trees.
Haif of wounded tress had wounds less than 50 ir?, and half
had larger wounds. Most of the wounds were located on the
lower portions of the bole and were caused by skidding logs
oo close to residual trees. More than 95 percent of logging
wounds that were less than 50 in” in size callused over and
were closed within 10 years after logging. Based on the
observed rate of closing over a 10-year period, Smith and
others (1994) estimate that larger wounds up to 206 In? in
size will close within 15 to 20 years after logging.

Reproduction.—Reproduction cbserved after two-age cuts
was similar to that observed after clearcutting (Miller and
Schuler 1985). Before two-age culs were applied, small
reproduction (less than 1.0 inch d.b.h.) averaged 3,019
stems/acre, with 50 parcent in shade-tclerant species
{mapies and American beech), 37 percent in shade-
intolerant species (black cherry and yellow-poplar), and 13
percent in intermediate-shade-tolerant species (oaks and
white ash). More than 80 percent of survey plots {0.001-acre}
had at least one commercial hardwood species present, and
more than 60 percent of survey plots had sugar mapie or
American beech prasent.,

Two years afler harvest, small reproduction (< 1.0 inch

d.b.h.) in the study areas averaged 9,100 stems/acre of
commercial species composed of 60 percent seedling-origin
stems, There also were more than 14,000 stems/acre of
noncommercial woody species. More than 95 parcent of
survey plots had a commercial stern present. Five years after
harvest, the canopy of the new age class developing beneath
the residusl overstory had not closed. Large woody



reproduction (z 1.0 inch d.b.h.) after 5 years included more
than 300 sterms/acre of commercial species and 100 stems/
acrs of noncommercial species.

After 10 years, the canopy of the new age class developing
beneath the geferment trees was nearly closed, and
codominant tress averaged 35 feet {all. Large reproduction
included 991 stems/acre of commercial species, with 450
good, codominant stems/acre exhibiting the potential to
bscome high-quality crop trees in the future. On excellent
growing sites, northern red oak reproduction was sparse,
averaging only 10 potential crop trees/acre. Other
codominant, commercial species reproduction included a
variety of both shade-tolerant and shade-intolerant species
distributed over 74 percent of the stand area.

Songblrd Density and Nest Success.—Songbird density
and nest success in clearcut and two-aged stands were
compared 10 years after cutting treatment (Miller and others
1995; Wood and Nichols 1995). Songbird density estimates
were greater (649 vs, 522 birds/ 40 ha; P« 0.001) in the two-
aged stands. interior-edge (359 vs. 320 birds/40 ha;
P<0.001) and edge {83 v. 12 birds/40 ha; P<0.001) species
were more abundant in two-aged stands, The abundance of
interior species was sirmilar (207 vs. 190 birds/40 ha, P >0.10)
for two-aged and clearcut stands, respectively. Nest survival
{151 nests) was not significantly different between the two-age
and clearcut treatmants {50% vs. 54%; P>0.10), and predation
by mammals was the most common cause of nest failure.

Future Research Needs

As silviculturists on the MNF gained experience in
prescribing two-age regeneration trealments and considered
the implications of such practices for the future, the following
gqueslions arose.

Harvesting systems and economics.—For unconventional
logging operations based on cable and helicopter systems,
what is the optimal pattern of residual trees to minimize
logging cost and damage to residual trees? How do local
markets influence the cutting cycle and product mix for
harvests in two-aged stands? How can two-age regeneration
methods be applied in stands where there is timited
merchantable volume and valus?

Reganeration.—How does residual stand density and
structure affect species composition and quality in the
future? What silvicultural treatments are needed before two-
age cuts are applied to increase the reproduction of target
species such as northern red oak? How does the logging
system and season of logging operations affect
reproduction? What impact do residual trees have on the
genetics of reproduction in the future? What impact do deer
have on reproduction?

Residual trees.—How does increased diameler growth affect
tree quality for veneer products? How do logging wounds
affect the quality and vigor of residual trees? How do tres age
and species affect growth, survival, and seed production?
What is the rate of crown expansion for residual trees of
gifferant spacies?
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Non-timber Issues.—How do two-age stand structures
affect agsthetics in middie-ground views {0.25-4 miles)? How
do residual tree species, vertical structure, and density affect
aesthetics? How do aesthetics change as the new stand
develops and vertical structure becomes more diverse? How
do residual stand structure and density affect songbirds,
small mammals, and game species over time?

As two-age regeneration methods are ussed {o meet
emarging forest management objectives, additional
research is needed o better understand the implications of
this innovative practice. It is important to define linkages
among abiotic and bictic ecosystem components that may
be affected by maintaining two vertical strata of woody
vegetation over extended psriods of time. For example,
additional studies are needed to determine the relationship
between stand density and structure on game and
nongame wildlife communities. And because the forest is
always changing, more research is needed to define the
susceptibility of residual trees to attacks by insects and
pathogens over much longer time periods. This practice
may also affect product options in the future. Residual trees
grow rapidly after two-age regeneration cuts, and such
growth rates may influence product quality and utilization
options.

Suggested Communication Tools

Land managers and scientists utilized several communication
tools during the last 17 years to improve and deveiop two-
age stand management prescriptions. The folfowing
suggestions are four possible strategies that might be halpful
to others who are considering the use of unconventional
silvicuttural methods: the use of demonstration areas,
hotding meetings in the field, conducting forest-wide training
sessions, and sharing prefiminary information,

The stands in which experimental two-age cuts were applied
served as valuable demonstration areas for sharing
information. initially, forest managers had the opportunity to
svaluate the general appearance of a two-aged stand and
ask important guestions about the long-term implications of
such treatments. The initial visits prompted numerous
guestions about the fate of residual trees and the new
reproduction. As a resuit, the demonstration areas
challenged land managers and scientists to better
understand the implications of two-aged stands. As the
stands developed, these areas also provided a medium for
presenting and interpreting preliminary results.

The demonstration areas were located throughout the forest
on three ranger districts, 5o forest management personnel
had “ownership” and were able to visit these areas and
monitor development with minimal investment of time and
expense, Later, these areas served as a place to hold
mestings, frain personnel, and educate the public about the
objectives of two-age silviculture. Thus, it is important that
demonstration areas are accessible and inexpensive to visit
for maximum impact on communications.

Another successful communication strategy entailed holding
meetings among resource specialists, district silviculturists,



and the forest leadership team in
the field, against the backdrop of
one or more of the demonstration

Table 2.—Fercent of rees reduced in grade dus to logging wounds or eplcormie
branching after deferment cutting®

argas. These sessions were two-
way exchanges of questions and

Small sawtimber
{12-18 inches d.b.h.)

Large sawtimber
{18 inches d.b.h. and larger)

answers for parsonnel at different Species Number g5, Number 95%
levels of management. The n oftrees % cr n oftees %  Cl
outdoor forum promoted an open

dialog of ideas and reduced Yetlow-poplar 23 i 4 <1-34 11 ¢} 0 0-46
confusion about the management  Black cherry 59 3 3 <1-11 38 3 8 1-22
Objecnves andfor the EOﬂg"'ifi’Tm Northern red oak 43 2 5 <1-18 32 h] 3 <1-16
implications of using two-age White oak 19 9 Y 0-20 9 1 iR <1-48
regeneration methods. In Chestnut oak 22 0 0 0-11 15 0 0 0-33
particular, such mestings were Sugar maple 61 4 7 «1-12 20 0 0 0-17
an efficient use of time because Red maple 49 i 2 <1-12 10 0 0 0-49
participants usually could direct White ash 41 4 10 <1-18 20 0 4] 017
their questions and answers io American basswood 17 0 0 0-26 3 0 ] 0-71

tangible issues such as epicormic
branching on residual trees,
characteristics of forest roads, or
vertical structure of the residual
stand that are visibie on the site,
In addition, scientists often were invited to such meetings to
provide updaied research resulis and to stay abreast of new
research needs.

The forest-wide training for marking crews helped {0 make
two-age stand treatment prescriptions more consistent
across the forest. Marking crews and silviculturists from all
districts had the opportunity to interact with each other
through hands-on marking exercises in the field, Participanis
practiced selecting residual trees, asked questions of sach
other, and resolved confusion about management objectives
associated with two-age systems. These activities clarified
the criteria for selecting residual trees for a range of
objectives. As a result, the 2-day training session prepared
each marking crew to beiter implement a stand prescription
as intended by the silvicuiturist.

Scientists also made an effort to share preliminary research
information with land managers as it became available. This
was accomplished through preliminary written reports
{before the formal publication of resuits), telephone
conversations, and field visits to the demonstration areas.
Obtaining preliminary research resulis at frequent intervals
helped the silvicuiturists make more rapid progress toward
developing appropriate stand prescriptions. Similarty,
presenting such information and obtaining feedback heiped
the scientists focus on the high-priority needs of the land
manager. This exchange of preliminary information is
ongoing.

There also are opportunities to communicate the implications
of innovative silvicultural practices through existing channsls
within the Forest Service. For example, two-ags silviculture is
now part of the Program of Advanced Studies in Silviculture
{PASS) throughout Regions 8 and 9. At the forest leval, the
forest planning process provides an opportunity {0 involve
outside groups in fine-tuning the objectives of silvicultural
treatments, which in turn clarifies guidelines for writing stand
freatment prescriptions.

"Data from 20 stands on the MNF where operational two-age cutting was applied.
°95% confidence interval.

ASSESSMENT OF CURRENT PRACTICES

In 1996, data were coliected on 20 two-aged stands on the
MNF that had been treated two to five growing seasons
belore the study. This survey was conducted fo assess
current conditions and 1o shad light on the impfications of
two-age cutting on future species composition and wood
product quality. Thus, the results presented here on residual
tree response and reproduction are preliminary findings that
do not necessarily represent the long-term implications of
this practice {Johnson and others 1997).

Residual stand guality

A total of 768 individual trees representing nine commercial
species were evaluated for tree grade (Manks 1976},
epicormic branches, and logging damage. in general,
deferment cutting did not result in significant changes in
grade distributions in the first 2 1o 5 vears after treatment.
Armong large sawtimber (17.0 inches d.b.h. and larger}, 11,
8, and 3 percent of white oak, black cherry, and northemn red
oak, respectively, exhibited grade reductions duse o logging
wounds or epicormic branches, Large sawtimber of other
species did not exhibit grade reductions. Among small
sawtirmber (11.0 fo 16.9 inches d.b.h.}, grade reductions
were more common compared o those for large sawtimber
{Table 2. The development of epicormic branches was most
prevalent on white oak. Suppressed and intermediate trees
developed mors epicormic branches and had more
reductions in tree grade compared to thoss for codominant
and dominant trees. In all of the 20 stands, logging wounds
were found on 45 percent of residual trees, and 21 percent of
trees had severe wounds larger than 100 ird. Mowever, the
nurnber of trees wounded and the severity of wounds were
related to the months in which logging ocourred (Fig. 23
Logging damage was greatest during the spring (March-
June) and ieast during the dormant season {November-
February). The data indicate that logging damage can be
reduced by 50 percent if operations are conducted in the fall
and sarly winter months.
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The total number of noncommercial

100

stems was relatively small, representing
only 5, 12, and 28 percent of stems
present in the beech-cherry-maple, mixed
Appalachian hardwood, and mixed oak

80 - % of trees with wounds » 100 sq in
80 — I f % of trees wounded

70

60 _58a

% of trees

Jul-Oct
Season of cut

Mar-Jun

Figure 2.—Mean percent of residual trees with logging wounds. For bars of the
same shade, means followed by the same letters are not significantly different
t the 0.10 level based on analysis of variance followed by Tukey HSD.

Fegeneration

Very small (< 1.0 #t tall) and small (= 1.0 fi tall and < 1.0-inch
d.b.h.) reproduction was tallied within 1/1,000-acre circular
plots, and large reproduction {1.0-inch d.b.h. and larger) was
iallied within 1/100-acre circular plots. From 25 to 50
reproduction plots were located along systematic grids within
sach stand. For very small and small reproduction, stem
counts and heights were recorded for each stem observed
on a plot. For large reproduction, species, d.b.h., stem origin,
quality, and crown class were recorded for each stem
observed on a plot.

Stands were grouped by three forest cover types before
regeneration results were summarized: beech-cherry-maple
at the higher elevations in the Allegheny mountains, mixed
Appatachian hardwoods in the coves of the Ailegheny
Mountains, and mixed oaks in the Ridge and Vailey province
east of the Allegheny Front. Most of the reproduction present
on the survey plots was less than 1.0 ft tall (Table 3). In the
beech-cherry-maple stands, reproduction was dominated by
American beech, black cherry, and the birches, though many
other species also were present. The mixed Appalachian
hardwood stands containad the greatest diversity of species,
though birches, maples, black cherry, and white ash were
most abundant. Reproduction in the mixed-ocak stands was
dominated by red and sugar maple, birches, and northern
red oak, though oak reproduction is difficult to sustain on
nigh-quality growing sites. These results are consistent with
other studies of two-age and even-age regensration
practices {Trimble 1873; Miller and Schuler 1985, Beck
1986},
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cover types, respectively. Noncommercial
sterns included striped maple, dogwood,
pin cherry, sassafras, serviceberry, and
American hornbeam. These stems are
not expected to interfere with the growth
and development of commercial species
{Milier and Schuler 1995).

As these stands continue to develop, the
trees in the new age class will form a
height stratum distinct from the larger
overstory trees left after logging. Stems
present when data were collected will
compete for crown position untii the
canopy of the new age class closes from
10 to 15 vears after logging. At this point,
most areas have adequate density and
distribution of desirable reproduction.
However, it is too soon to predict the
eventual species composition, Trees that
aftain a codominant position at crown
closure will determine the species
composition of these stands for many
years fo coms. Soon after crown closure,
preferred crop trees can be given a crown release fo assure
their survival and competitive position within the stand.

Summary of Results

Resuilis of this study were evaluated by land managers on
tha MNF and the following prefiminary conclusions were
drawn:

- Two-age silvicultural systems met the goals for timber,
many wildlife species, and aesthetics.

- Residual basal area averaged 39 ft*/acre; 82 percent of
residual trees met timber objectives,

- Residual stands contained a mix of species, and 64
percent of residual trees were considered to be low-
risk—expected to live more than 20 years after
freatment.

- Only 8 percent of residual trees had died or blown over
2 to 4 years after treatment.

- Tree grades were not seriously reduced after treatment.

- The average size of logging wounds and the proportion
of trees wounded was greatest for operations
conducted from March through June, least from
November through February.

- Regeneration was similar in composition and
abundance o that observed after clearcutting.

DISCUSSION

Experience with two-age cutting since 1979 indicates that
desirable reproduction can be established and will develop
into an acceptable new crop for sustained production of



Table 3.—Summary of reproduction present 2-5 years after deferment cutting by forest cover tyne

Beech-Cherry-Maple Mixed Appailachian Hdwds Mixed oaks
Species Very smalf? Smalfe Very small Small Very small Small

--------------- Number of stems/acre (% of plots stocked) - - <~~~ == e evuvn-
Birches® 8,464(62) 1,989(31) 3,502(39) 2,324(24y  2,885(25) 137(9)
Maples 1,717{50) 841(16) 1,1168(39) 516(19)  2,259(50) 556(14)
Red oaks 9(1) 3(1) 410(24) 203(11) 582(18) 100(7)
White oaks 00} 0(0) 80(8) 254{1) 103(6) 140(3)
Am. beech 2,268(55)  4,591(63) B3(4) 162(4) 20(1) 0(0)
Black cherry 6,357(68) 3,825(44) 820(25) 466(14) 40(2) 45(2)
Hemiock 68(3) 0(0) 0(0) 4(1) 0(0) 0(0)
White ash 38(3) 30(1) 829(22) 439{(12) 30{30) 0(0)
Yeiiow-poplar 404{12) 70(4) 3,271(35) 62(3) 367(13) 18(2)
Am, basswood 0(0) 0(0) 4(1) 12(1) 0{0) 0(0)
Others 305(16) 68(5) 185(14) 396{(17) 299(186) 520(20)
Totald 19,628 11,217 10,300 4,868 6,586 1,516

Very small reproduction = all stems < 1.0 ft in height

*Small reproduction = stems > 1.0 ft in height and < 1.0 inch dbh.

‘Birches include sweet and yellow birch; maples include red and sugar mapie; red oaks include northern
red, scarlet, and black oak; white oaks include white and chestnut oak; others include blackgum, aspen,

and cucumbertree.

“Data from 20 stands on the Monongahela National Forest where operational applications of deferment

cutting were applied.

many forest benefits. The species composition includes a
wide variety of shade-intolerant and shads-tolerant species
that is similar to that observed after clearcutting. Cultural
practices, such as crop-tree releass, can be applied once the
canopy of the new age class closes to favor the growth and
development of the most desirable stems such as northern
red oak.

Residual basal area in the early, experimental deferment
cuts averaged 20 ft*/acre. in early operational two-age cuts
on the MNF, the target residual basal area ranged from 20 to
40 ft¥/acre, with actual residual basal area averaging 39 ft?/
acre. More recently, new prescriptions call for 20 to 30 ft%/
acre. Although residual trees in the experimental cuts were
all potential high-quality sawtimber, residual trees in the
operational cuis also included trees to help meet wildiife
habitat objectives. In practice, residual trees may be selected
by many criteria to help the forest manager achieve a wide
range of objectives.

Where residual tree quality is a concern, trees in weaker
crown positions or trees that show evidence of stress before
treatment are most likely to lose quality. For most species,
the strong codominants will not suffer grade reductions after
deferment cutting. To reduce logging damage, operations
should be conducted during the dormant season from
MNovember through January. To reduce windthrow, residual
trees should not be selected above skid roads close to the
cut bank where roots are disturbed.

To meet regeneration goals, residual basal area should
range from 20 to 40 f?/acre. However, if small sawtimber or
poles are retained, maximum residual basal area will be

reduced to allow for crown expansion as the overstory trees
mature. It also is important to cut all stems 1.0 inch d.b.h.
and larger other than the desired residual trees. Cutting
these stems during logging slirminates low shade that
interferes with regeneration and provides suitable growing
conditions for the valuable shade-intolerant species.

Two-age regeneration harvests should be applied no more
frequently than one-half the recommended economic
sawtimber rotation for local conditions. in the central
Appalachians, economic sawtimber rotations are 90, 80, and
70 years for northern red oak Si 60, 70, and 80, respectively.
As a result, two-age harvests could be applied every 40 fo
50 years to maintain a two-age stand structure, and some
individual trees can be retained indefinitely to satisfy goals
for longer rotations. A concern with relatively frequent
harvests is that many large poles and small sawtimber need
1o be cut at short intervals in order o provide adequate light
for regeneration of a new age class. At age 40, even-aged
stands in the region contain 75 to 100 codominant stems per
acre, with an average d.b.h. of only 10 inches. To maintain a
two-age stand structure, 20 to 30 of the best codominant
trees need to be retained to reach maturity, while the
remaining trees will be cul. A disadvantage of short cutting
intervals is that many cut trees will be removed at a time
when their potential growth and value increase are ata
maximum.

Dus to differences in the timing and frequency of harvest
cuts, economic returns from silvicultural alternatives are
seldom directly comparable on the basis of retumns from a
single entry. However, estimates of harvesting costs and
roundwood values indicate that implementing deferment cuts
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versus conventional clearcuts can reduce net cash flows
from the initial regeneration cuts by $459 to $1,171/acre, or
18 to 26 percent, depending on site quality and roundwood
price levels (Miller and Baumgras 1694; Baumgras and
others 1985). These revenue reductions were estimated for
fully stocked stands at age 80 years, and reflect the
assumption that the residual trees were low-risk, dominants
and codominants. These residual trees can make significant
contributions to economic returns from future harvests, but
diminish short-term returns to provide the desired non-timber
amenities.

ACKNOWLEDGMENTS

Special thanks to Clay Smith, Neil Lamson, Robert Rosier,
Richard Hovatter, and Cynthia West, USDA Forest Service,
Northeastern Forest Experiment Station; Arlyn Perkey, USDA
Forest Service, Northeastern Area State and Private
Forestry; Larry Dehaven, Ed Clutter, Richard Riegel, James
Knibbs, Gler Juergens, George Hudak, Jane Bard, Charles
Hommema, Ron Rayburn, Marv Schuhmann, Bob Schirk,
Harry Pawelczyk, Harvey Fleming, George Lundy, and Bill
Kerr, Monongaheia Nationa!l Forest; David Mitchem and
Geraldo Paez, Virginia Tech. The residual trees, the new
reproduction, and our partnership are still growing.

A portion of the funding for the 1996 assessment of stand
conditions following operational two-age cuts was provided
by the National project, Wood Utilization Options for
Ecosystem Management. This project is a multidisciplinary
Forest Service research effort 1o evaluate alternative
silvicuiture, harvesting, and wood utilization options in the
South, West, and Northeast. Information can be obfained
from Ken Skog, Forest Products Laboratory, Madison,
Wisconsin,

LITERATURE CITED

Baumgras, J. E.; Miller, G.W.; Ledoux, C. B. 1995.
Econcemics of hardwood silviculture using skyline
and conventional logging. In: Lowery, G.; Meyer, D. eds.
Advances in hardwood utifization: following profitability
from the woods through rough dimension. Proceedings of
the 23rd Annual Hardwood Symposium; 1995 May 17-20;
Cashiers, NC. Memphis, TN: National Hardwood Lumber
Association: 5-17.

Beck, D. E. 1986. Management options for southern
Appalachian hardwoods: the two-aged stand. In:
Phillips, D. R., comp. Proceedings of the 4th Biennial
Southern Silvicultural Research Conference; 1986
November 4-6; Atlanta, GA. Gen. Tech. Rep. SE-42.
Asheville, NC: U.S, Department of Agriculture, Forest
Service, Southeastern Forest Experiment Station: 451-454.

Bennett, A. L.; Armstrong, M. M. 1881. Insurance
silvicuiture In the black cherry-maple type. Journal of
Forestry. 79:146-148, 154.

DeGraaf, R. M.; Scott, V.E.; Hamre, R. H.; Ermnst, L;
Anderson, S. H. 1991. Forest and rangeland blrds of

the United States: Agric.Handb. 688. Washington, DC:
U.S. Department of Agriculture. 625 p.

Hanks, L. F. 1978. Hardwood tree grades for factory
lumber. Fes. Pap. NE-333. Broomall, PA: U.S.
Department of Agriculture, Forest Service, Northeastern
Forest Experiment Station. 81 p.

Johnson, J. E.; Miller, G. W.; Baumgras, J. E.; West, C.D. An
assessment of residual stand gquality and
regeneration following two-age cutting in central
Appalachian hardwoods. Northern Journal of Applied
Forestry. {in review).

Kostler, J. N. 1956. Silviculture. Anderson, M. L., trans.
Aylesbury and London: Oliver and Boyd Ltd. 416 p.

Miller, G. W.; Baumgras, J. E. 1994. Efficient silvicultural
practices for eastern hardwood management. in:
Opportunities for the hardwood industry to address
environmental challenges. Proceedings of the 22nd
Annual Hardwood Symposium of the Hardwood Research
Council; 1994 May 12-15; Cashiers, NC. Memphis, TN:
Hardwood Research Council: 23-35.

Miller, G. W.; Schuler, T. M. 1995. Development and quality
of reproduction In two-age central Appalachian
hardwoods—10-year resulits. In: Gottschalk, K. W.;
Fosbroke, 8. L. C., eds. 1995. Proceedings, 10th Central
Hardwood Forest Conference; 1995 March 5-8;
Morgantown, WV. Gen. Tech. Rep. NE-197. Radnor, PA:
U.S. Department of Agriculture, Forest Service,
Northeastern Forest Experiment Station: 364-374,

Miller, G. W.; Wood, P. B.; Nichols, J. V. 1995. Two-age
silviculture: an innovative tool for enhancing specles
diversity and vertical structure In Appalachlan
hardwoods. In: Forest haaith through silvicuiture.
Proceedings of the 1895 National Silviculture Workshop.
Eskew, L. G., comp. Gen. Tech. Rep. RAM-GTR-67. Fort
Colling, CO: U.8. Department of Agricuiture, Forest
Service, Focky Mountain Range and Forest Experiment
Station: 175-182.

Miller, G. W. 1996. Epicormic branching on central
Appalachian hardwoods 10 years after deferment
cutting. Res. Pap. NE-702. Radnor, PA: U.S. Department
of Agriculture, Forest Service, Northeastern Forest
Experiment Station. 9 p.

Pings, P; Hollenhorst, 5. 1993, Managing eastern
hardwoods for visual quality. in: Vander Stoep, G.A., ed.
Procesdings of the 1993 northeastern forest recreation
symposium; 1993 April 18-20; Sarasota Springs, N.Y,
Gen. Tech. Rep. NE-185. Radnor, PA: U.S. Department of
Agriculture, Forest Service, Northeastern Forest
Experiment Station: 89-93.

Smith, H. C. 1988. Possible aiternatives to clearcutting
and selection harvesting practices. in: Smith, H.C,;
Perkey, A. W.; Kidd, W. E. Eds. Proceedings: Guidelines



for regenerating Appalachian hardwood stands; 1988 May

24-28; Morgantown, WV, SAF Publ. 88-03. Morgantown,
WV West Virginia University Books: 276-288.

Smith, H. C.; Miller, G. W.; Lamson, N. |, 1989, An esthetic

alternative to clearcutting? Journal of Forestry, 87:14-
18.

Smith, H. C.; Miller, G. W. 1991, Deferment cutlting In
Appalachian hardwoods: the what, whys, and hows.
in: Johnson, J. E., ed. Uneven-aged silviculture of Upland
hardwood stands workshop; 1991 February 25-27;

Blacksburg, VA: Virginia Polytechnic Institute and State
University: 20-25.

Smith, H. C.; Miller, G. W.; Schuler, T. M. 1994. Closure of
logging wounds after 10 years. Res. Pap. NE-692.
Radnor, PA: U.S. Department of Agriculture, Forest
Service, Northeastern Forest Experiment Station. 6p.

Trimble, G. R., Jr. 1973, The regeneration of central
Appaiachian hardwoods with emphasis on the
effecis of site quality and harvesting practice. Res.
Pap. NE-282. Upper Darby, PA: U.S. Department of
Agriculture, Forest Service, Northeastern Forest
Experiment Station. 14 p.

Trimble, G. R.,Jr ; Seegrist, D. W, 1973. Epicormic
branching on hardwood trees bordering forest
openings. Res, Pap. NE-261. Upper Darby, PA: U.S.
Department of Agriculture, Forest Service, Northeastern
Forest Experiment Station. 6 p.

Troup, R. S. 1966. Silvicultural systems. Oxford, UK.
Oxford Clarendon Press. 216 p.

Wood, P. B.; Nichols, J.V. 1995. Effects of two-age timber
management on songbird denslty and reproductive
success. Progress report to Monongaheia National
Forest, Elkins, WV, 80 p.

133



Use of Molecular Genetic Markers In Forest Management
Craig 8. Echt®

Abstract.—When managing forests for blodiversity or
sustainabiiity, attention must be given fo how silvicultural
practices affect genetic diversity. A new generation of DNA-
based markers affords a greater detail of genetic analysis
than previously possible. These new marksrs, SSRs or
microsatellites, have been used to demonstrate genstic
diversity and infer evolutionary history of red pine, something
that has not been possible with other markers. SSR markers
devsloped by the Forest Service Ressarch Biotechnology
Unit are aiso being used to monitor how methods of
sustainable timber management affect genetic diversity and
breeding patterns within white pine stands on the
Menormines Indian reservation.

INTRODUCTION

Often the goal of silvicultural prescriptions is nothing less
than the management, or manipulation, of ecosystems. The
importance of considering the effects on the genetic diversity
of forest species when making such management decisions
has been expertly reviewed (Conkle 1992; DeWald and
Mahalovich 1997, El-Kassaby 1992, Ledig 1988; Li et al.
1992; Millar and Westiall 1992; Namkoong 1991; Savolainen
and Kariddinen 1992; Yang and Yeh 1992). Maintenance of
genetic diversity is also part of the biodiversity standards that
have recently been proposed for forest plantations
(Speilerberg and Sawyer 1996). The most efficient way to
monitor natural or managed changes in genetic diversity is
with protein or DNA-based (molecular) markers that are
neutral with respect to natural selection. (Definitions of
various terms, such as ‘genetic marker’, are provided in the
final section of this paper.) A recently discovered class of
DNA-based markers promises efficient and thorough
assessment of alterations in genetic diversity for select forest
species. In this presentation, progress in the application of
these markers to address issues in forest management will
be described, as will the approaches being used to
communicate the role of forest research to those invoived or
interested in resource management.

SSR MARKERS IN FOREST GENETICS

Microsatellites, or simple sequence DNA repeats (SSRs),
came to prominence in the field of genetics only during this
past decade, due in large part to their medical applications in
human disease research and DNA fingerprinting. But SSRs
are highly abundant and variable in most organisms, not just
humans, and thus serve as a universal source of highly
informative genetic markerss. In pine genomes, for example,
there are several hundred thousand SSR sites (Echt and
May-Marquardt 1997). it is expensive and fime-consuming to

‘Research Plant Molecular Geneticist, Biotechnology Unit,
U.S. Depariment of Agriculture, Forest Service, North
Central Experiment Station, Rhinelander, Wi
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develop the molecular genetic information needed to use
SSHs as genetic markers, but several forest research
laboratories are involved in the process for pines {Echt et al.
1996; Fisher et al. 1996; Kostia et al. 1995; Smith and Devey
1994), spruces (Pfeiffer et al. 1997; VandseVen and McNicole
1996}, and oaks {Dow et al. 1995). Preliminary resuits from
research in the author’s laborafory indicate that SSR
markers developed in one species, can be used in clossly
related species, thus leveraging marker developmeant
investments. The major advantages of using SSR markers
over other types of markers, such as isozymes, RAPDs, or
RFLPs, is that they generally have a large number of alleles
at a locus, allele identification is unambiguous,
heterozygosity is easily determined, they can be used
among all members of a species, and they are quickly and
efficiently analyzed from very smail amounts of plant tissue.
Given the increased resolution of genetic discrimination
possible with SSR markers, they can be considered the
“Hubbie telescope” of genetics research.

In addition to their presence in the nuclear genome, SSRs
are also found in the DNA of chloroplasts, and can serve as
highly informative organeiiar markers. A number of
chioroplast SSR {cpSSR) markers are available for use in
conifers (Cato and Richardson 1996; Powell ot al. 1995,
Vendramin et al. 1996). Since in many species chioroplast
DNA is uniparentally inherited (in conifers it is transmitted
through pollen), cpSSR markers can provide information
about evolutionary lines of decent among populations.

Fundamental information about the SSR markers and their
uses can be found on-line through the Dendrome Forest
Genetics World Wide Web server. This information is
provided and updated by the author as a servics to the forest
research community. The URL address for white pine SSR
markers is: htip//s27w007 .pswis.gov/Data/
echt_ssr_primers.html, that for hard pine SSR markers is:
htip:/s27w007 pswis.gov/Data/chioroplast.htmi, and
information about cpSSR markers can be found at: http/
s27w007 .pswis.gov/Data/ hardssr.html.

RED PINE POPULATION DIVERSITY
AND EVOLUTIONARY HISTORY

Background

Genetic diversity of red pine, Pinus resinosa Alt., is
extremely low, perhaps dangerously low, throughout its
range. Red pins is an important timber species in the
northeentral and northeastern United States, as well as in
Canada. In Minnesota, Wisconsin and Michigan alone there
are almost 1.8 million acres of red pine, valued at over $3
billion, and this area is only a fraction of the North American
range of the species (Leatherberry et al. 1996; Miles et al.
1995; Spencer et al. 1988}. Knowledge of the amount and
distribution of genetic diversity of red pine is critical to
management of this important natural resource.



Table 1.—Locations of red pine populations

code  provenance seediot# lat.flong. Elevation.(m)
A Nova Scotia, Beaver Lake 7010280 44.14/85.20 140
B Ontario, Eldridge Twnshp 7030250 47.00/79.30 310
D Ontario, Sioux Lookout 6830060 50.04/91.57 370
E Quebec, Norway Bay 7023040 45.32/76.28 80
F Michigan, Delta Co. 5780350 46.00/87.00 NA
G New Brunswick, Tracy 7010310 45.43/66.42 60
H Ontario, Macdiarmid 7030260 49.18/88.05 370

The high level of homozygosity observed in red pine is
thought to have resulted from one, or a series of, population
bottlenacks. The most recent drastic decrease in population
size (a population bottleneck) to have affected the species as
a whole is thought to have occurred during the last
Pleistocene glaciation 20,000 years ago, when red pine was
restricted to refugial populations in the Appalachian
highlands of present day West Virginia (Fowler and Morris
1977). The disjunct, dispersed populations found throughout
the species’ current range promots inbreeding which further
increases homozygosity (Fowler and Lester 1970; Mosssler
1992).

Morphological and phenological uniformity are characteristic
of the species (Fowler 1964, Fowler and Lester 1970). Whiie
some variation among provenances has been reported, itis
much less than what is observed for other northern pines
and the heritability of the variation has not been established
(Fowler 1965; Wright et al. 1972; Ager et al. 1983). A namow
genetic base puts red pine at risk of extinction from exotic
pests, disease epidemics, or rapid climate change, and can
be further eroded by mismanagement. Thus there is a need
to efficiently identify sources of genetic diversity so that
divergent germplasm may be preserved, both in the foresis
and in seed orchards where it could be utilized in tree
improvement programs.

Results

Since no other marker system had previously revealed
genetic variation in red pine, cpSSR markers were used to
survay 159 individuals among seven populations distributed
across the natural range of the species (Table 1). As
expected, the higher variability of cpSSRs allowed population
differences to become evident. Measures of within population
diversity (Table 2) indicated that a population in Tracy, New
Brunswick harbored more chioroplast haplotype variability
than any other population, and that no two populations were
genetically identical. Examination of the genstic relationships
among populations, and of the distribution of haplotype
differences among individuals within populations, indicated
that red pine, as a species, recovered rapidly from a
population bottleneck. These results lend strong support to
the previously formulated population bottleneck theory, but
what was not so evident from previous observations, and
what the cpSSR data clearly indicated, was that individual
populations of red pine arose at different evolutionary times
and possibly from different lines of decent.

Table 2.—Measures of cpSSR haplotype variation within
populations

Population n, f, H,
A 1.430 0.833 0.314
B 2.153 0.667 0.559
(0] 2998 0.545 0.698
E 2.924 0.429 0.691
F 1.754 0.750 0.449
G 8.397 0.217 0.920
H 1.497 0.810 0.348

n,, Effective number of haplotypes in each population

f,, Frequency of the most common haplotype
H,, measure of unbiased genetic diversity

Red pine is thus not a genetically homogeneous specie, at
least where the evolutionary origins of individual populations
are concemed. More extensive cpSSR surveys should
identify populations throughout the range of red pine that
have the highest levels of diversity, and thus help st
guidelines for genetic resource conservation programs of red
pine. Genotyping of populations with nuclear SSR markers
will be needed to assess the degree of population genstic
differsntiation of genes in the nuclear genome. Since the
chioroplast microsatellite approach revealed population
genetic differences in a species characterized by no
detectable aliozyme variation, it should also be considered
for studying population structures of other forest species that
have low genetic diversity, such as Torrey pine, Pinus
torreyana Parry ex Carr, (Ledig and Conkle 1982} or westem
red cedar, Thuja plicata Donn ex E. Don., (Copes 1981).

GENETIC DIVERSITY OF NATURAL
AND MANAGED WHITE PINE STANDS

Background

To achieve sustainabie and scologically sound white pine
management there is a need o know whether certain
practices maintain native levels of genetic diversity, or
whether they narrow that diversity and foster greater
inbreeding within managed stands. When artificial
reforestation is used, it is also of bensfit to know whether
there are genstic subdivisions, or subpopulations, of trees
within 2 management area. Such knowledge is useful for
establishing seed transfer guidelines.
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A previous study of eastern white pine popuiations

Table 3.-—Populations samples from white pine stands and site

in Quebec found that there are high levels of characteristics

isozyme diversity, high gene flow among

populations and no measurabie population genetic stand  overstory cone seeds regen., regen.,
differentiation across the range (Beaulieu and (density) collected natural artificial
Simon 1884). In an isozyme study of eastern white sp ~240 yr (2/ac) _ .
pine mating systems, essentially no excess of pp 160 yr (40/ac) . . .
inbreeding was found in two natural Quebec MG 160 yr ES/a ¢) J 40 yr 3
populations that differed in their stand densities of c1 ~160 yr (40/ac) N 3yr :
from 800 to 100 trees/acre (Beaulieu and Simon oL ~160 yr (20/ac) . 9yr .
1995). EL none - - 8yr

Ongoing ressarch in the Biotechnology Unit at

Rhinelander involves assessing the genetic diversity

of white pine, Pinus strobus L. A study is in progress with
white pines managed by Menominee Triba! Enterprises in
Menominee County, Wisconsin, to determine how certain
silvicultural practices affect genetic diversity across the
234,000-acre reservation. instead of isozymes, SSR markers
developed by Echt et al.{1996) and cpSSR markers
developed by Vendramin et al. (1996) are being used.

Here are some of the questions that the Menomines
foresters hope to have answered by this research: Is gene
diversity distributed equally among populations across the
county? Does genetic variation and gene flow change under
different management strategies? How does overstory
density affect genetic diversity and degree of inbreeding
among the regenerated progeny? Is off-site seed genstically
equivalent to local seed sources?

Besides assisting forest managers in long-term planning of
tribal resocurces, the Menominee study will supply additional
basic information on white pine diversity in the North Central
Lake States region. i{ is expected that regional white pine
information eventually will be combined with data from
eastern U.S. populations, and from similar studies occurring
in Canada, to construct a continental database for white pine
population genetic diversity and structure. Such information
could be used in formulating area-wide management and
planning decisions.

The Menominee Study Plan

Six sites, involving nine populations of individuals, were
selected for study by Dan Pubanz, a Menominee Tribal
Enterprises forester (Figure 1). Five of the site are actively
managed, and the sixth (School Pines - SP) is representative
of a remnant, natural population that has not been thinned.
Of the five managed stands, one (East Line Plantation - EL)
was artificially regenerated from off-reservation seedlings,
three sites {Potato Patch - PP, Camp One - C1, Oconto Line -
OL} are under sheiterwood management, and one (Minnow
Creek - MC) is a pine release management site. Age classes
of the overstory and regenerated populations are provided in
Table 3, Fifty individuals from both the overstory and
regenerated generations at each site will be sampled. From
the same 50 mature irees at the MC and C1 sites, which
differ ten-foid in their overstory densities, seed will aisc be
collected o estimate poilen flow and current levels of
inbreeding and outcrossing that are ocourring within the
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sparse overstory. GPS coordinates were obtained for all the
trees sampled, so spatial genetic analyses will be possible to
look for patterns in genetic differences within and among
populations. Each tree, seedling, and seed wili be genotyped
for 10 nuclear SSR loci and haplotyped for 10 ¢pSSR loci.
Statistical analyses will be performed to quantify genetic
diversity and levels of inbreeding, both within and among
individual populations. The nuclear marker data from trees
and seedlings will provide information on how certain
silvicultural practices affect levels of heterozygosity,
inbreeding and gene diversity, while the nuclear SSF marker
and cpSSR marker data from seeds and seediings will
provide information on patterns of pollen flow. Data from
cpSSRK haplotypes of trees will also be used to look at
historic patterns of dispersal of white pine. Once the
Menominee study is complete, the tribal foresters hope to
use the genstic diversity information as part of the
biodiversity component of their timber recertification process
with Scientific Certification Sysiems.

Results

To date, DNA has been isolated from 450 trees and
genotyping has been done for two 58R loci. Forty seeds will
be collected from each of 100 trees in the fail of 1897.
Although no firm conciusions can be drawn from just two
loci, the preliminary results demonstrate the type of
information that genetic surveying with SSR markers can
provide silviculturalists.

The two SSR loci each had 14 alleles, which resulted in total
gene diversity being high across the reservation (H, = 0.73).
There was very little genetic differentiation among stands
(G,, = 2%). meaning that diversity across the reservation was
not highly structured. Even so, there were small, but
significant genetic differences separating each stand such
that genetic distance trees (phenograms) could be
constructed to represent the genetic reiationships of
populations to each other. Naturally regenerated progenies,
as expected, were genstically most similar to their parents,
with the interesting exception of the Minnow Creek pine
release management site. At that site the regenerated
saplings had a distinctly different genetic makeup from the
overstory trees that were left after thinning. The reason for
this difference is not known and additional study is needed.
Off-site seedlings (EL) were a bit less diverse than, but were
genetically quite similar to, on-site seedlings.
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Figure 1.—Site map of study areas, and sawtimber white pine range, in Menominee County, Wisconsin.

Again based on data from just two loci, there was a general,
but slight, deficiency of heterozygotes across the reservation
(F, = 0.20), suggesting that there has been more mating
among relatives {inbreeding) than would have been expected
in purely randomly mating populations. inbreeding was always
more pronounced among the parental generations. That is,
there appeared {0 have been more inbreeding occuring 160 to
240 years ago than is occuring now in the managed stands.
Since the regensrated seedling populations were less inbreed
{more heterozygous) than their parents, Menominee
silvicultural practices appear to be preserving, or even
increasing, genetic diversity within managed white pine stands.

These preliminary results stand in contrast to a study of
white pines in Ontario that used 18 isozyme loci, in which
there were an average of only 2 alleles per locus, and gene
diversity was about one sixth of that in the Menominee
forests (Beaulieu and Simon 1994). While that study found a
similar distribution of gene diversity within and among
populations, the Ontario populations did not demonstrate an
appreciable degree of inbreeding. Whether these differences
result from differences between the information provided by
isozyme and SSR markers, or from true biological
differences between the populations, remains {0 be seen.

DEFINITIONS OF TERMS

Genome

Thes total genetic component of an organelle, individual or
species. Iif only the word ‘genome’ is used, then it refers to all
the DNA present in the nucleus. ‘Chioroplast genome' and
‘mitochondrial genome’ refer to the total DNA present in
those particular organelles.

Genotype, Hapiotype and Phenotype

A genotype is an abstract, symbolic expression of the
genetic factors {genes or loci) responsible for a phenotype.
Genotyping is the process of determining the specific alleles
that are present in an individual or population. While
genotypes are expressions of the genetic constitution of
diploids, where both sets of chromosomes are considered,
haplotypes are expressions of the genetic constitution of
haploids, where only one set of chromosomaes (either the
mother's or the father's) are considered. Scoring alleles in
leaves or roots will give you genotypes, while scoring alleles
in conifer megagametophyte or in chicroplast DNA, will give
you haplotypes. A phenotype is an observable, heritable
character, and is the physical aspect of the underlying



genstic factors, Once the genetic factors are identified, every
phenotype can be symbolically represented by a genotype. A
band on a gel, a cellular metabolite, or the angle of a branch,
can all be considered phenotypes, as long as they are
heritable characters.

Markers, Alleles and Loci

A marker is a quantifiable character that distinguishes, or
marks, underlying genetic differences between individuals. it
is often encountered as a particular enzyme or DNA
fragment having a defined position on an electrophorstic gel.
Any given ‘band on a gel’ does not gain marker status,
however, unless two or more forms (alleles) of it exist at a
single chromosomal iocation {locus). The plural of locus is
loci. At their most fundamental level alleles are simply the
DNA sequence variants found at a locus.

Oligonucleotide, Primer

DNA is a polymer of nucleotides, or a polynucieotide. A short
piece of DNA is an oligonucleotide. An oligonucleotides
usually refers to a piece of single stranded DNA, although it
can be double-stranded, and is generally 10-100 nucleotides
in length. An oligonucleotide primer, or simply, primer, is a
single stranded oligonucleotide that anneals to a
complementary sequence on single stranded DNA {the
template DNA) and directs, or primes, the synthetic action of
a class of enzymes called DNA polymerases. When two
primers are used to direct the ampilification of a locus by
PCR they are called PCR primer pairs.

PCR (Polymerase Chain Reaction)

A Nobel Prize-winning technique for replicating and
ampiifying {(cloning) specific DNA fragments in a test tube.
The key component of PCR is a heat stable DNA
polymerase called Taq polymerase, after the hot springs
bacteria Thermus aquaticus from which it is purified. The
extent of DNA that is amplified is determined by the two PCR
primers which anneal to oppuosite DNA strands at the ends of
the target DNA segment. In theory, millions of copies of
target DNA can be amplified from a single DNA template
molecule (a single cell!), but in common practice the starting
point is several hundred copies of the DNA template. Thus,
from just several hundred cells, a specific locus can be
genotyped with a PCR-based marker. In pines, a typical PCR
marker of 200 base pairs in length represents 1/100 millionth
of the total length of DNA present in the nucleus. It is this
discriminatory power of PCR that makes it the most powerful
tool available for genetic analysis.

SSH (simple sequence repeat),
or microsaiellite DNA

A class of tandemly repeated DNA seguences that are
highly variable, and which are used extensively as genetic
markers. Examples of SSRs are {AG),, - the sequence of
nucleotides deoxyAdenosine and deoxyGuanosine repeated
10 times - or (ACT), - the sequence deoxyAdenosine,
deoxyGyvtidine and deoxyThymidine repeated B times. 8SR
repeais are found in abundance throughout the nuclear
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DNA of most organisms. Each repeat that serves as a S8R
marker is surrounded by unique, non-repetitive DNA it is
this unique DNA that allows identification of individual SSR
loci along the chromosomes, while the embedded repeat
DNA provides the informative variation. SSR loci can be
analyzed by PCR once the DNA sequence of the repeat
and its surrounding DNA is determined. These DNA
sequences allow the unique PCR primer pairs {o be
designed and chemically synthesized.
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North American Long-Term Soil Productivity Research Program

Allan E. Tlarks, Marilyn A. Buford, Robert F. Powers, Jerry F. Ragus,
Deborah S, Page-Dumroese, Felix Ponder, Jr., and Douglas M. Stone’

Abstract.—The National Long-term Soil Productivity
research program was chartered to address National Forest
Management Act concerns over possible losses in soil
productivity on National Forest lands. The program supports
validation of soil quality monitoring standards and process-
level productivity research. Summarized results are supplied
to Forests as collected. National Forest managers use them
in developing forest plans and modifying management
practices. Results are treated as the best available evidence
and are used within the adaptive management process.

INTRODUCTION

Origins of the Long Term Soil Productivity (LTSP) program
can be traced from informal discussions in 1986 between
National Forest System (NFS) managers and Forest Service
Research (FSR) scientists. NFS managers needed valid soil
guality monitoring standards as a consequence of the
National Forest Management Act of 1976 (NFMA), and
sought help from Forest Service Research. Researchers
neaded a more fundamental understanding of site
productivity and the processes controlling it to develop and
evaluate alternative silvicultural systems. Open and active
communication between researchers and managers led to a
major review paper on the world' s experience concerning
deciines in fundamental productivity (Powers and others
1990) and a template for what was to become the LTSP
program. Further technical discussion between Forest
Service scientists, international scientists, and researchers
from several U. 8. universities and forest indusiry resulted in
a generic study plan which was drafted and circulated for
national review. In 1989, following national review, the LTSP
plan became an official Forest Service cooperative program
with the signing of the national study plan by the Deputy
Chiefs for National Forest Systems and Hesearch?,

DESIGN AND IMPLEMENTATION

Background

Soil was selected as an indicator of site productivity potential
because it is a fundamental resource that controls the

'Research Soil Scientist and Project Leader, USDA Forest
Sarvice, Southern Forest Experiment Station, Pineville, LA,
and Fesearch Triangle Park, NC, respectively; Science Team
Leader, USDA Forest Service, Pacific Southwest Research
Station, Redding CA; Regional Soil Scientist, USDA Forest
Service, Southern Region, Atlanta, GA; Research Soil
Scientist, USDA Forest Service, Rocky Mountain Research
Station, Moscow, ID; Research Soil Scientist, and Research
Forester, USDA Forest Service, North Central Forest
Experiment Siation, Jefferson City, MO, and Grand Rapids,
MN, respectively.
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quantity and quality of such renewable forest resources as
timber, wildlife habitat, forage, and water yield, and because
itis a non-renewable resource directly affected by forest
management practices. The USDA Office of General Council
interprets land productivity to mean the inherent capacity or
potential of a soil to produce vegetation?. The LTSP program
centers on two concepts:

1. the soil is the key site factor controlling productivity that

is affected by management, and
2. the fundamental measure of productivity is the site’s
carrying capacity for plant growth.

Research has shown that productivity declines on non-
wetland sites are related principally to site organic matter
losses and soil porosity reductions (Powers and others
1980). Although concepts are well established, there is little
specific understanding of how site organic matter and soil
porosity are linked to contro! fundamental processes
governing productivity or what threshold levels of organic
matter and soil porosity are needed o maintain site
productivity.

The national study has three main objectives:
1. Validating regional soil quality monitoring standards
against soil productivily potential;
2. Determining the productive potential of the land for
vegetative growth; and
3. Understanding how soil porosity and site organic matter
interact to regulate long-term site productivity.

These objectives are best addressed by a designed
experimant with treatments effecting large, systematic
changes in fundamental soil properties. A controlied
experiment is preferable to quantifying operational practices
which are difficult to control, generally confound several
variables, vary from region to region, and are likely to
become obsolete.

Experimental Design and Treatments

Each installation of the study (Figure 1) consists of a core
set of nine plots which represent ail possible combinations
of three levels of compaction (none, moderate, and severe)
and three levels of organic matter removal (bole only, bole +
crown, and total above-ground organic matter}. The 1-acre
plots are regenerated with the species or species group
appropriate to each region. Each plot is split into two equal
parts with one half receiving total compatition control,
focusing site resources only on the subject trees. The other
half receives no competition control and the plant
community is allowed to develop. Along with the core
experiment, plots of ameliorative treatments and best

2USDA Forest Service. 1989. Evaluating timber management
impacts on long-term soil productivity: a Research and
National Forest System cooperative study. Study Plan. 32 p.



NORTH AMERICAN
LTSP NETWORK

Installations in 1897

Figure 1.—Locations of current LTSP installations in North America.

management practices are added at many
LTSP sites to see how soil productivity can be
restored or improved. The standardized
experimental design is shown in Figure 2. Most
sites are on National Forests, but in Missouri
the plots are located on state lands as is one
installation in California. Researchers in the
British Columbia Ministry of Forests, Canada,
adopted the LTSP design and have installations
at four locations with more planned. Locations
of the current LTSP study installations are
shown in Figure 1 and Table 1 summarizes the
forests and species. Our discussion centers on
the U.S. Forest Service phase of LTSP.

Candidate sites are arrayed along a gradient in
soil properties believed to be directly linked to
potential productivity, recognizing that the
importance of any suite of properties varies by
region. Study sites are selected from the
candidates o cover the range of soil-site
conditions found within & timber type.

implementation

The design, instaliation, development of
research of soil processes, maintenance and
protection of this network was accomplished by
direct communication between NFS managers

Tabie 1~Location and species of current LTSP study instailations.

Region/  Nationat Forest/ Number of
Station Experimental Forest Installations Species
1/RM Priest River 1 Hemlock
4/RM Boise 3 Mixed Conifer
5/PSW Biodgett (Univ. CA) 1 Mixed Conifer
S5/PSW Eldorado 1 Mixed Conifer
5/PSW Lassen/Black’s Mountain 3 Mixed Conifer
S/PSW Plumas 2 Mixed Conifer
5/PSW Sierra 3 Mixed Conifer
5/PSW Tahoe 2 Mixed Conifer
8/SRE Davy Crocket 3 Loblolly Pine
B/SRS DeSoto 3 Loblofly Pine
B/SRS Croatan 3 Loblolly Pine
8/SRS Kisatchie 1 Loblolly Pine
8/SRS Kisatchie 3 Lobiofly Pine
9/NC Chippewa/Marcell 1 Aspen
8/NC Chippewa 3 Aspen
G/MNC Huron 3 Aspen
9/NC Ottawa 3 Aspen
B/NC MO Dept. of Conservation 3 Qak-Hickory
BC? Prince George 3 Lodgepole
Pine/White Spruce
BC Prince George 1 Aspen

@ Plots in Prince George Province, Canada were installed following the
specifications of the USDA Forest Service study and are considered
part of the LTSP network for data analysis.
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of Vegetation Management and Protection Research;
e T Forest Management; Wildlife, Fish, Water and Alr
Stem Onl %hﬁ e jree + Research; and Watershed and Alr Management, The
¥ Whole Tree ?“%3@ ?Eﬁﬁ? primary duties of this group are to: 1) ensure that work is
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a5 the Chief and Congress of progress and needs; 3)
s coordinate activities and seek and direct funding for the
5 effort; 4) provide for a review of study proposals; and 5)
g review, evaluale and incorporate modifications o the
proposals.
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Mational Technical Committee. The National Technical
Commitiee members are the Principal Investigators and
Regional Soil Scientists invoived in the study installation
and maintenance and interpretation of study results. This
includes members representing the British of Columbia
Ministry of Forests and scientists managing other long-
term productivity plots with designs and objectives similar
to LTSP This committes is chaired by a Forest Service
Principal Investigator appointed by the National Oversight
Committee. The primary responsibilities of this group are
to: 1) assure that scientific methods are consistent and
appropriate to meet program objectives; 2) provide for the
establishment of a national database of research results;
3) communicate progress, needs, opportunities, and
substantive findings to the Oversight Commitiee; and 4)
coordinate and prepare results for publication. This group
meets once per year near one of the field installations
(Table 1.} fo review progress.

Compact
Mediom

Severe

Other
Treatments

Regional Steering Committee. The Regional Steering
Committes (RSC) is composed of the Research Station
Principal Investigator(s}, Regional Soil Scientist and
Figure 2.—Standardized experimental design for LTSP Regional Silviculturist. This group is charged with identifying
treatments. Each whole-plot treatment has competing study sites, developing collaboration with National Forests,
vegetation controlied on one of the plot and the other haif Ranger Districts, and other researchers, preparing specific
feceives no competition control. Treaiments to enfance study plans, and implementation of studies. This committes
productivity (amelioration) may be added. shares the responsibility of ensuring public awareness of the
program with National Forests and Ranger Districis.

and FSR scientists. Through times of ight budgels and For example, in Texas there was public concern about using
shrinking resources, LTSP completed the demanding clearcutting to harvest the timber required to implement the
instafiation phase. The LTSP network exists because the study. The Southern REC worked with the National Forests
right people in critical management positions ware willing to & Grasslands in Texas and the public to develop the
take a substantial risk, key scientists agreed that the issues following alternatives: 1) No Action, as required by NEPA,
warranted a large research sflort crossing Station 1969, 2) harvest 14 patch clearcuts 1.5-2.5 acres in size,
boundaries, and through the willingness of Forest Service with 30-foot borders around plots, and 100-foot borders
ieadership to commit special funding. thinned to a basal area of 30 square feet per acre outside
the 30-foot borders; and the competition control portion of
An effort such as this can succeed only with continual the study would not be instalied; 3) clearcut approximately
commitment and regular feedback. in planning the study 90 acres o allow for the full study installation; and 4)
network, the founders included a communication plan within clearcut approximately 40 contiguous acres to allow for half
the generic study pian. This communication plan defines of the study {0 be installed {no competition conirol plots).
three committees and their roles in maintaining the LTEP The RSC made several presentations to interested groups
effort. about the study and the proposed alternatives. The
presentations focused on management needs for the
Mational Oversight Committee. This commitise is chaired informaticn; the value of the information that would bae
by the Associate Deputy Chief for NFS. The National generated; and that the study was not a study of
Oversight Commitiee consists of the appointed Chair of the clearcutiing, but used clearcutting as a means of creating
hational Technical Commiltee and al least one nesded conditions. Upon evaluation of the slternatives and
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the knowledge value and fradeoffs associated with each,
the decision was to adopt Alternative 3 and fully install the
study because group selection {Alternative 2} affected
management of twice the area and naither Alternatives 1 or
4 met the objectives of the study.

INTERPRETING AND USING RESULTS

Conceptual Framework

As in the inception and instaliation phases of the fong-term
soil productivity study, the communication of the results
requires NFS managers and research scientists to remain
focused on the common goal of validating soil quality
monitoring on public lands, This is especially important for
LTSP which crosses several administrative layers, is long-
term and is producing volumes of useful results.
Researchers, silviculiurists, soil scientists, and administrators
must understand how the results lead to interpretations
related to policies and management of public land. The
relationship between soil quality and vegetative productivity
is the commen focal point for LTSP

In an idealized relationship between soil condition and
timber produciivity (Figure 3), soil condition is represented
by a continuum broken into three zones of soil quality;
natural equilibrium, degraded, and enhanced. Unmanaged
forest soils reach a natural | dynamic state of equilibrium in
physical, chemical, and biological characteristics. in a zone
near this equilibrium, timber productivity is not maximized,
but other organisms make significant contributions to the
ecosystem. This is probably the zone that is optimum for
muiltiple use as defined by Forest Service management
policies. In this zone, low intensity management impacts
shift the soil condition from the natural state. Without further
inputs, the soil condition moves back to squilibrium. Thus,

o
optimum

Figure 3.—idealized relation ship of
soil condition quality to productivity
of a site. Soil quality standards are
established to prevent degradation
on the site which would lead to

Eahianced  losses of productivity that have

been define by law as unacceptable
on public fands.

productivity changes associated with the changses in s50il
condition from normal management activilies such as
harvesting are small. With increased management intensity,
timber production can be increased to a higher level, but
possibly at the expense of other uses or resources. Usually
this requires the application of several treatments such as
tillage and fertilization simultaneously. These may be
combined with other practices such as weed confrol and
genetic selection that concentrate the productivity onto a
target species. Unfortunately productivity also can be
significantly reduced if the soil condition deteriorates
heyond a threshold. If management activities degrade the
soii below some threshold, productivity can collapse to a
new lower level.

The concerns over productivity loss are expressed in
legisiation such in the National Forest Management Act
(USDA Forest Service 1983) and Forest Service policies
{U.S. Code of Federal Regulations 1985). These laws and
regulations specify research and continuous monitoring to
safeguard the land's productivity. As part of the effort to
comply with this law, each Region has established soll
guality standards meant to detect josses in productivity
greater than 15 percent. Thus the soil quality standards,
along with other policies, have established thresholds or red
flags to prevent the soil from being degraded. These
standards are designed 1o kesp productivity from moving info
the degraded zone.

Changes to Soil Quality and Productivity

Effects of Management. Preliminary results from the LTSP
study illustrate our concepts. In Figure 4, the heights of the
ioblolly pines, Pinus faeda L., planted on the first LTSP site
weare compared with the heights of the harvesied stand for
the first 7 vears. When low intensity harvesting was
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Figure 4.—Height growth over time of loblolly pine on plots
treated with three levels of organic matter removal and soil
compaction and the estimated height of the previous stand at
the same ages. Plots are on the Kisatchie National Forest in
central Louisiana.

employed, productivity was maintained at the same level as
the original stand. At an intermediate level of harvesting
impact, productivity was reduced, but the magnitude of the
reduction appears to be getting smaller as the stand ages.
Thus, with time, soil condition moves back to its equilibrium,
The high impact harvesting treatment reduced height by
about 20 percent compared to either the original stand or
the low impact harvesting treatment and there does not
appear to be recovery at this time. Thus, removal of all
above ground biomass followed by severe compaction has
degraded the site below acceptable productivity levels. On
an operational basis, Region 8's soil quality standards
should (and do) prevent harvesting impacts that are greater
than the intermediate level. These results are confirmed by

moderately umsmcﬁ

lorest floor removed
sevarely compacisd

studies nearby which show even greater iosses in pine
productivity in the second rotation following disking or
bedding during site preparation (Haywood and Tiarks
1995, Tiarks and Haywood 1996). Soil phosphorus is
inherently low on both of these sites so the small amount
of phosphorus removed in logging residues appsars to
have induced deficiencies. The loss in productivity and soil
quality can be corrected with phosphorus fertilizer
applications.

Losses in productivity are not limited o the timber species,
and measurements of other stand components are
included as well. On the Croatan National Forest, the
number of species and biomass production was quantified
by stem form class at 2 years (Table 2.} The number of
species was significantly greater on the seversly
compacted plots where all above ground tree and forest
floor biomass was removed compared to the plots not
compacted and only the stems were removed at harvest.
The greatest increase in number of species and in biomass
occurred in the grasses and herb classes. However, the
overall biomass on the highly impacted plots decreased by
43 percent compared to the low impact treatments.
Increasing numbers of species in the grass and herbaceous
classes may be a desirable outcome of management.
However, because of the overall loss in productivity,
compacting the soil or removing alt of the logging residues is
not an acceptable management tool and other alternatives
should be used.

Results showing these declines are very effective in
communicating the importance of soit quality standards to
Nationa! Forest partners. Large and small private land
owners also are concerned about such reductions in
productivity as well as the increased productivity from
amelioration of timber and other species in these systems.
This led to the development of two important ongoing
research partnerships with southern industries and
universities which are closely linked to LTSP. The VPY/
Westvaco Sustainable Management Study was established
with objectives similar to LTSP but with the additional

Table 2.—Number of species and blomass production in understory of stand at 2 years
on Croatan National Forest without vegetation control after stem only removal and no
compaction or total organic matter residue rermoval and severe compaction. (From

fMellin 1995)
Number of species Biomass
Total tree+ Total tree+
Stem only forest floor Stem only forest floor
Stem form not compacted  severely compacted not compacted  severely compacted
-------- number species/piot--------- ibs/acre
Trees 18 12 974 409
Shrubs 20 20 2872 674
Grasses 7 16 147 1113
Herbs 8 15 12 71
Total 53 83 4005 2267
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Table 3. Amsliorative effect of bedding plus fertilizer with

and without herbicide on lobloliy pines at age 5 on the
Croatan National Forest.

menziesii (Mirb.) Franco, seedlings was greater than
the severe compaction ireatment {Table 4}. Many
ameliorative freatments have the potential toc impact

Treatment hsight d.b.h.

volume

soil properties in ways that are not initially apparent.
Through monitoring, the real effects on these

feet inches

Stemn only removai
not compacted
not herbicided 11.4 1.7

Stem only removal
not compacied

herbicided 17.3 3.7 193

Bedded and fertilized

not herbicided 19.4 3.3 187

Bedded and fertitized

herbicided 21.2 45 385

cu ft/ac

activities can be understood and the practices
abandoned when resulis are not consistently positive.
Subseqguent research studies can be used to
investigate soil processes involved and develop
desired alternatives.

Effects of time. Time will push the productivity back
to equilibrium for both the positive and negative
effects of management, assuming the activity has not
caused a permanent change to the site, such as
slope failure. The amount of time for full recovery
depends on the degree of degradation, soil and site
properties, presence of weatherable minerals in the

obiective of determining if intensive forest management
enhances productivity above natural levels (Powers and
others 1996) in a sustainable way. Another study
{Monitoring Productivity and Environmenta! Quality in
Southern Pine Plantations) involving three forest industries,
two universities and Forest Service Research was
established to provide linkage betweern intensive plantation
management and LTSP (Powers and others 1996). One of
the first products of this LTSP-MPEQ linkage is a data base
of biomass and nutrient contents of all the components of
stands representative of the loblolly pine range and
management intensities.

When possible, ameliorative treatments have been included
as part of the LTSP installations. On the Croatan National
Forest in North Carolina, herbicide, and bedding combined
with fertilization both increased loblolly pine growth
compared to the lowest impact treatment in the core LTSP
design (Table 3). As the stands further develop, the long-
term economic and biological impacts
can be assessed. The dramatic
differences in tree size and stand
structure do demonsirate the impact

soil, clay type, and tree species. For example,
compacted soils will eventually return to their natural
state, but the length of time required depends on the
depth of compaction, presence and depth of freezing and
thawing cycles, and presernce of expanding clays. In
Mississippi, the upper 5 cm of soil in skid trails would be
expected to return to the uncompacted level after about 12
years (Dickerson 1976). However, in Minnesota, where
recovery should be faster that in Mississippi because of
more freezing and thawing and higher levels of organic
matter, soils showed little signs of recovery after 9 years at
depths greater than 20 cm. Thus, the depth of compaction is
much more important than soil properties, and recovery wili
be much slower in soils compacted deeper than 30 cm. The
relative increase in bulk densities at planting and after a
recovery period {Table 4) show some recovery in Minnesota
and Louisiana but none on the compacted plots in Idaho.
On the Louisiana site, the dominant understory was
grasses which should speed recovery compared to the
herbicided treatments. The lack of recovery after
compagction in the ldaho soils, especially compared to the
effects of stump pulling is unexpected. Compaction, as

Table 4.—Relative Increase in bulk density at 0-10 cm and tree heights
compared to uncompacted piots at three locations

management can have if rapid
development of a stand is desired for
species restoration, visual effects and

Location Treatment

Relative bulk density Relative
At planting Post planting®  tree height®

even timber production.

------------ percent of uncompacted----m--msmeuu

Not all management practices or D Severely compacted 23 26 -1
amelioration treatments have the D Stumps pulled 25 -9 -18
beneficial effect that is desired and MN Severely compacted 18 15 .20
expected when apptlied. While the
intent is to improve soil quality, in LA Severely compacted

not herbicided 9 2 -12

practice the operation can reduce soil
quality and productivity shown as U- LA
shaped arrow on Figure 3. Stump

Severely compacted
herbicided g & -18

pulling was included as an
ameliorative treatment in some of the
LTSP plots in idaho, but the negative
effects on Douglas-fir, Pseudoisuga

*Ppst planting measurements were made 3 years after planting in 1D and 5 years
after planting in MN and LA,

"Tree species are Douglas-fir in ID, aspen, Populus tremuloides Michx. and P
grandidentata Michx., in MN and lcblolly pine in LA.
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Figure 5.—Differences in soil strength with depth for three
LTSP freatments at Challenge Experimental Forest
measured in July.

measured by bulk density, aiso had mixed effects on the
heights of Douglas-fir seedlings. These inconclusive resulls
indicate that bulk density may not be the best indicator for
monitoring soil properties changed by compaction,

Soll strength measured by a recording penetrometer is a
faster way of assessing compaction and is sensitive to
changes in bulk density and other soil properties such as
water content that affect root growth. For many plants, root
growth slows when soil strength exceeds 2 MPa and stops at
strengths greater than 3 MPa {(Whalley and others 1995}, In
California, soil strength was increased by removal of the
forest floor sufficiently to reduce root growth even when the
soil was not compacted (Figure 5). Removal of the forest
floor atlowed greater evaporation from the soil, raising soil
strength as the soil dried. The effects of organic matter ieveis
and soil compaction on other soil and biological process are
being measured on various LTSP sites. At each location,
ecosystem components related to soil quality at that site are
being measured 1o increase the understanding of the
processes involved. Examples of measurements being made
at one or more sites include soil arthropod diversity,
earthworm poputations, types and numbers of
sctomycorrhizal roots, soil organic matier quality, water
regimes, and soil erosion.

Communicating Results. The committees that were
established to plan and impiement the study are bsing
maintained and expanded to communicate not only the
results of the study, but to aid in the adoption of
management strategies. Each year the National Technical
Committee meets at one of the LTSP sites along with
representatives of one or more of the Regional Steering
Comnittees, the National Cversight Committee, and
investigators of studies that have been linked io LTSP.
Status of the plots, growth measurements and successes
and failures in monitoring efforts are shared and plans for
more integrated measurements are finalized. This meeting
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is informal and facilitates open discussion of all aspects of
LTSP,

In all Regions, LTSP results are communicated through the
usual technology transfer process of workshops,
conferences and publications. The RSC and the Forest Soil
Scientist where the plots are located use preliminary
findings in revising Forest Plans, to develop better
monitoring methods and in ongoing operations. As an
example, in the Kings River Ecological Management Area,
monitoring forest soil impacts on growth in small openings
proved to be very difficult. Instead, the findings on key soil
variables from LTSP are used to develop methods of
monitoring the soil to estimate effects on growth. in
Mississippi, soil redox recording methods developed on the
LTSP plots in Louisiana are being used to monitor the
recovery of soil disturbed from salvage logging after a
tornado. Easy access is being maintained {o the sites so
they can be used as demonstration areas to test soil quality
standards and in the development of monitoring
approaches for other resources.

To date, the LTSP study is a superb exampie on the national
scale of the beneficial working relationship that exists at the
local tevel. By networking, the local efforts have been
leveraged, providing greater returns that the individual efforis
would have. Now the challenge is in maintaining the study,
both on the ground and in the Forest Service's thinking.
Long-term experiments are like good wines in that they
appreciate with age. As of this writing, the plots range in age
from 0 o 7 years with the study designed to run 60 to 120
years. Thus, while the results may be tasted at these young
ages, they must be treated as peeks at the more full-bodied
rewards to come. it is imperative that any interpretations
made using early results be frealed as tentative and subject
to change. Through these and similar efforts at ali locations
of the LTSP study, resulls are being applied to “Caring for
the Land".
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