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FOREWORD

Hurricane Hugo was probably one of the most destructive hurricanes to assault the
forests of the Eastern United States in recorded history. Four and one-half million
acres were damaged in North Carolina and South Carolina, an estimated 21.4 billion
board feet of timber were destroyed or damaged, and several federally listed
endangered species (red-cockaded woodpecker, bald eagle, and red wolf) were impacted.
This toll does not include property damage or human suffering in the United States or
the destruction in Puerto Rico. Hurricane Hugo is probably the most studied and best
documented hurricane ever to have reached landfall in the mainland. In addition to
the reports in this compilation, more reports can be expected as on-going and new
studies of forest damage, restoration, and rehabilitation are completed.

We made no attempt to synthesize or summarize the papers in this publication because
the topics covered are too diverse. However, we offer the following thoughts about
how to lessen impacts of hurricanes on forests.

Hurricanes are a natural, integral part of ecosystem processes in Eastern forests.
Hurricanes occur infrequently and unpredictably; therefore, the significance of their
impact on the forest tends to be quickly forgotten as the visible evidence of their
effects fade from the landscape. The net result is that the next hurricane can be as
destructive as the last hurricane. The land manager must remain aware of the risk of
windstorms and use known silvicultural techniques to develop a wind-resistant forest.
Although nothing can be done to protect forests against maximum catastrophic winds of
Category 4 or 5 hurricanes, much of the damage from hurricanes comes from lesser
winds, and forests can be managed to be more resistant to such winds.

For example, several of the reports in this compilation, as well as reports published
from studies of other hurricanes and windstorms, show that damage within stands from
hurricane-force winds occurs predictably. The extent of damage is, for the most
part, explained by age, size, and canopy peosition. Large crown-overstory trees
suffer greater damage than trees in the lower canopy; and trees in young, dense
stands generally suffer the least damage. These observations suggest that
silvicultural intervention could produce stands of trees that are more wind
resistant.

Research has shown that trees grown in stands maintained in sufficiently open
conditions so that healthy crowns and root systems develop are stronger and more
windfirm. This means control of spacing by planting, weeding, or thinning enhances
growth of desirable trees. Where forests are managed on short rotations of 30 years
or less, there is probably little incentive to invest the necessary dollars to
develop windfirm stands, but on public forest and parklands where large trees and
old-growth stands are desired, more thought needs to be given to producing
wind-resistant forests.

vii



INTRODUCTION

During the months after Hurricane Hugo's landfall in South Carolina on September 22,
1989, hundreds of people became involved in salvage, recovery, and restoration of our
forests. We turned to the lessons learned from previous hurricanes for guidance in
our efforts. Unfortunately, published information on salvage, recovery, and
restoration was limited, scattered, or difficult to obtain. We attempted to fill
that information void by documenting our work in the aftermath of Hurricane Hugo in
one book. We hope this publication will help those faced with similar challenges
presented by future hurricanes. Much of the work reported here was done with special
funding provided by the United States Congress.

This compilation includes 69 published and previously unpublished articles relating
to the effects of Hurricane Hugo, a Category 4 storm, on forests primarily in South
Carolina. The articles record the response of the forests to the storm and the
activities of those who cared for these forests. Broad topics include historical
background, damage assessment, forest restoration, and evaluation of recovery
programs.

Seven years have passed since the storm. Some papers report findings from field work
done immediately after the storm; others are based on later activities and effects.
This book contains l-page abstracts, comprehensive final reports, papers presented at
professional meetings, journal articles, interim reports of work in progress, and
other types of articles. Readers will find indepth reports of scientific studies,
discussions of management strategies, and suggestions for better problem resolution
in similar catastrophes. The papers are organized according to dominant subject
matter. Valuable suggestions for improving response activities often appear as a
small part of many of the articles.

The editors have attempted to capture all currently available information on forest
research and management related to Hurricane Hugo in South Carolina. However, some
articles were impractical to include, many of them have been referenced by authors or
have been listed in the "Additional Reports" section. In spite of our best efforts,
we have probably excluded valuable information that we were unaware of at the time of
printing.

The editors did not verify the data presented in each article. No attempt was made
to condense articles or remove repetition between articles. We have standardized the
format for ease of reading and made minor editorial corrections in the text. Papers
were not proofread by each author after final word processing. Therefore, the
editors are responsible for such errors.
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HISTORY OF DAMAGING STORMS AFFECTING
SOUTH CAROLINA FORESTS INCLUDING A REVIEW OF
HURRICANE HUGO’S IMPACT ON SOUTH CAROLINA FORESTS!

John C.

INTRODUCTION

South Carolina forests are vulnerable
to several types of storm damage rang-
ing from thunderstorms, tornadoes,
winter ice storms, and hurricanes.
While some damage occurs each year,
occasionally a major event such as the
1967 ice storm, the 1984 tornadoes, or
a major hurricane such as Hugo causes
major damage to South Carolina for-
ests. The purpose of this study is to
look briefly at each of these weather
hazards, using Hurricane Hugo as an
example of the horrible impact damag-
ing storms can exact on the forest
industry of the state.

PART ONE: HISTORY OF DAMAGING
STORMS AFFECTING SOUTH CAROLINA

FORESTS

A. Thunderstorms are so frequent in
South Carolina that their effect on
the forest industry is usually
accepted without undue concern.
Damaging thunderstorms are more likely
during the warmer part of the year,
but they do occur throughout the year
in every part of the state. Thunder-
storm frequency varies from almost 60
days per year in southern South
Carolina to a minimum of about 45 days
per year in the extreme northwestern
part of the state. Thunderstorm
damage to forests usually ranges from
a few trees killed by lightning to
occasionally scattered areas of
localized wind damage.

B. Freezing rain occurs almost
every year in some part of the state.
Fortunately, many occurrences are not

! A paper presented at the 72nd Annual
Meeting of the Appalachian Society of
American Foresters held at Greenville,
§.C., on January 20-22, 1993.

2 John C. Purvis, S.C. Water Resources
Board, 1201 Main Street, Suite 1100,
Columbia, SC 29201.

Purvis?

severe enough to cause extensive dam-
age to forests. There are times, how-
ever, when an intense winter storm,
accompanied by strong winds and large
ice accumulations, causes major damage
to the forestry industry. The most
severe damage in recent years was in
February 1969 when an ice storm caused
major damage to South Carolina forests
from Sumter County northeast through
Chesterfield County. Timber losses
were tremendous and power and tele-
phone service were seriously disrupted
over a large area.

c. Tornadoes are a definite hazard
to forests in southeastern U.S.
including South Carolina. On a local
scale, it is the most destructive of
all atmospheric phenomena. According
to the American Meteorological Society
(1959), the tornado is "a violently
rotating column of air, pendant from a
cumulonimbus cloud, and nearly always
observable as a funnel cloud or tuba".
During the last 40 years, there has
been on the average 10 tornadoes per
year within the state (Purvis, 1990).
While many tornadoes affect only a
small area, a few tornadoes travel
many miles and produce significant
damage to forests. A severe tornado
has the power to cut a 1/2- to l-mile
wide swath over a path of many miles.
Trees are broken and twisted by the
violent winds, greatly reducing their
salvage value. Several years ago, a
tornado moved across Lancaster,
Chesterfield and Marlboro Counties.
Near Jefferson, S. C., the tornado
passed through an original stand of
timber. The owner had many times been
approached by loggers to sell the
tract because of its value. But after
the storm, the large original pines
were so broken up that no one wanted
them. Another example of a tornado
causing major tree damage was on April
30, 1924. On that date, a violent
tornado was first reported 11 miles




northeast of Aiken. The storm moved
rapidly northeastward to Darlington
County causing major forest damage
over a 105-mile path that was esti-
mated at times to be more than 1/2-
mile wide. The tornadoes of March 28,
1984 were also particularly devastat-
ing to South Carolina forests. There
were eleven tornadoes on that date
over an area that stretched from
Anderson County to Horry County.
Although there was damage along the
entire route, forests in Kershaw and
Chesterfield Counties were hit hard.

D. Hurricanes are an annual threat
to South Carolina woodlands. There
are on the average one or more hurri-
canes affecting southeast U.S. every
three years. During any one year,
there is an 18% chance of a hurricane
penetrating the South Carolina coast-
line. There have been a few years
such as 1959 when two or more hurri-
canes caused significant loss to South
Carolina forests (Purvis and others,
1990).

Some hurricanes other than Hugo that
have produced major damage to South
Carolina forests in recent years were
Hazel in 1954, Gracie in 1959, and
David in 1979.

In order to appreciate the damage to
forests that a hurricane can produce,
it is important to understand the
physical dimensions of this type of
storm. A hurricane is a tropical
cyclone that forms over the very warm
waters of the world and moves with the
prevailing winds within its immediate
environment. The hurricane derives
energy from the latent heat released
by condensation of water vapor and,
when fully developed in the Northern
Hemisphere, consists of a giant
counter-clockwise swirl of strong
winds accompanied by clouds and heavy
rains. The center of the hurricane,
called the "eye", is a relatively calm
area with little or no cloudiness and
may vary in size from 5 to 10 miles in
diameter to more than 30 miles. Imme-
diately surrounding the eye are tower-
ing wall clouds, extremely heavy rains
and high winds. Farther away from the
center, the most intense rainfall and
winds tend to be concentrated in giant
spiral bands radiating in a counter-
clockwise fashion from the wall
clouds.

E. Wind Direction and Speed.--A
hurricane is most fully developed

- while it is over the ocean but weakens

as it moves over land. Forests
directly in the path of the eye of a
hurricane approaching the South
Carclina coast from a southeast
direction, would first experience
increasing wind speeds, blowing from
right to left. After the eye passes,
the wind direction would reverse with
the wind speed as high or higher than
it was immediately ahead of the eye.
The most extensive and widespread
damage is usually on the right hand
side of an advancing hurricane.
Forests located to the right of the
center would not experience a complete
reversal in wind direction. The
highest winds would be from the same
general direction that the storm is
moving. 1In other words, if the
hurricane were headed in a north-
westerly direction, the highest winds
on the right hand side of the eye
would likely be from an east to south-
east direction.

Forests to the left of the center
should receive their highest wind
speeds from the general direction to
which the storm is headed. For
example, if the hurricane were headed
in a northerly direction, the highest
wind speeds would likely be from a
northerly direction.

It should be emphasized, however, that
outside the wall cloud area, the wind
speeds are higher and cover a larger
area to the right of the advancing
hurricane eye than to the left. Also,
as the storm moves inland and begins
to weaken, the most intense activity
is concentrated in spiral bands that
rotate around the center in a counter-
clockwise fashion. This will produce
localized areas of heavier damage
within a widespread area of lesser
damage.

F. Hurricane Produced Storm Surge.
--A hurricane moving over the ocean
produces a higher water level that
reaches a maximum to the right of the
storm’s center. This rapid rise in
ocean level, or "storm surge",
increases in height with the intensity
of the hurricane. It is also impor-
tant to note that the storm surge is
added to the existing height of the
ocean at the time of the arrival of
the storm. Hence, if the hurricane
were to arrive at the coast at time of
high tide, the actual water level at
the coast would be the height of the
high tide plus the height of the storm



surge. This sudden increase in the
height of the ocean floods coastal
areas that otherwise would never be
flooded. Fortunately, a major hurri-
cane does not penetrate the South
Carolina coastline very often; but
when it does, salt water penetration
is a threat to forests in the immedi-
ate vicinity of the ocean.

PART TWO: HURRICANE HUGO AS AN
EXAMPLE OF MAJOR DAMAGE TO SOUTH

CAROLINA FORESTS BY HURRICANES
Hurricane Hugo made landfall on the
South Carolina Coast late on
September 21, 1989 causing major
damage to South Carolina forests.

Hugo began as a cluster of thunder-
storms moving off the west coast of
Africa on September 9. As this system
became better organized and surface
pressures began to fall on September
10, a tropical depression, centered
125 miles southeast of the Cape Verde
Islands, formed. This tropical
depression became a tropical storm,
named Hugo, on September 11 and by
late on September 13 had gained
sufficient strength to be classified a
hurricane. Hugo continued to move
westward but gradually turned to a
west-northwest course during the next
several days. Hugo struck Guadeloupe
on September 17 as a Category 4
hurricane passed across St. Croix of
the Virgin Islands on September 18.
The storm now moving on a north-
westerly heading brushed Puerto Rico
and continued to move in the general
direction of the South Carolina Coast.

A hurricane watch was issued for the
South Carolina coast at 7 a.m.,
September 21, 1989. The weather began
to worsen along the central South
Carolina coast during the late
afternoon of September 21 as the
forward speed of the storm increased
to 25 mph. Just before landfall, a
reconnaissance measurement of 27.58
inches and winds of 161 mph at an
altitude of 12,000 feet were recorded
~--the basis of the estimate of the
highest one-minute wind speed of 138
mph at landfall.

The eye of Hugo, measuring 20 miles in
diameter, made landfall near
Sullivan’s Island, S.C. at midnight
E.D.T. of September 21. The weather
office in downtown Charleston measured
a maximum sustained wind speed of 87
mph with a peak gust of 108 mph. The
highest winds, category 4, associated
with Hugo were located in the Bulls

Bay area of northeastern Charleston
County. There the winds in combina-
tion with the local high tide, caused
a highest water level of 20.2 feet
National Geodetic Vertical Datum, just
south of McClellanville.

As Hugo moved inland over Lakes
Moultrie and Marion, it began a
gradual turn towards the north-
northwest. The center of the storm
passed between Shaw Air Force Base in
Sumter County and Eastover in Richland
County, causing 109 mph gusts at Shaw
and a small tornado west of the base.
The dissipating hurricane then moved
northward over Camden with gusts esti-
mated at over 100 mph. The disorgan-
ized eye of Hugo continued northwest-
ward over Lancaster and York counties
reaching central and western North
Carolina by daylight of September 22,
1989.

Hugo weakened as it moved across South
Carolina; however, winds near the
center were still of hurricane force
along its entire path across the
Palmetto State. Damaging winds with
localized areas of more severe damage
extended out from the hurricane’s path
as far east as Horry, Marlboro, and
Chesterfield Counties. Damaging winds
west of the disorganized eye’s path
covered a much smaller area with only
minor forest damage reported west of
southern Charleston County, Lexington
County, and York County.

The types of wind damage to forests
varied, depending mostly on the loca-
tion and direction of the forests from
the path of the storm’s center. Near
the dissipating eye, and at times in
spiral bands extending out from the
eye, trees fell in various directions.
However, generally on the eastern and
western sides of the hurricanes path,
the direction that the trees fell
reflected the counterclockwise rota-
tion of the wind around the center of
the hurricane.

Aerial and ground surveys conducted by
the South Carolina Forestry Commission
(R. M. sheffield and M. T. Thompson,
June 1992) identified 23 counties with
substantial forest damage. There
were, however, additional counties
with lesser damage. The damage to
South Carolina forests from Hugo,
according to a study prepared for the
Governor’s Office (The Fontaine
Company, 1991), was $1,181,000
dollars. The report also stated that



the estimated value of salvaged timber
was only 150,000 dollars. There are
approximately 6.5 million acres of
timberland in the 23 counties inven-
toried by the Forestry Commission.
Sheffield and Thompson state that two
thirds, or 4.5 million acres, of the
forests within these 23 counties
sustained damage from Hugo. Also,
about 37 percent of all timberland
within the state suffered some storm
damage.

Timberland damage was most widespread
near the coast and on the northeast
side of the hurricane’s eye as it
moved northwest from its entry along
the central South Carolina coast. 1In
six counties (Berkeley, Clarendon,
Florence, Lee, Sumter, and
Williamsburg), more than 90 percent of
timberland was damaged. This severe
damage was near and to the east of the
path of Hugo’s eye.

Lowland hardwood stands sustained the
highest incidence of damage. Lowland
hardwood stands often contain large,
shallow-rooted trees with large
crowns, factors associated with
increased susceptibility to wind
damage (Barry and others, 1982; Hook
and others, 1991). Of the hardwood
varieties considered, red ocak fared
the worst and red maple the best
(Sheffield and Thompson, June 1992).

Declines in softwood inventory due to
Hugo were recorded in all 23 counties
inventoried, but declines were great-
est in counties near the coast and
along the path of the hurricane’s eye.
O0f the softwood varieties considered,
loblolly pines sustained the heaviest
damage, while shortleaf pines suffered
the least. The greatest losses were
recorded in the larger diameter
classes. Within the forest, wind
speeds are much higher above the crown
level than near the ground. The
larger and taller trees are, there-
fore, subject to higher wind speeds
than shorter ones nearby.
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IMPACT OF HURRICANES ON FORESTS OF
THE ATLANTIC AND GULF COASTS

William H. Conner’

Abstract--Coastal forests have developed along the Atlantic
and Gulf coasts with hurricanes as aperiodic natural
events. Hurricanes are not unusual or rare, but they are

very difficult to predict.

As a result, it is almost

impossible to plan hurricane-related research activities.
For past hurricane events, available literature has focused
on the short-term effects of these storms. Only now are
scientists beginning to recognize the importance of natural
catastrophes as critical to ecosystem dynamics. Hurricane
Hugo made landfall in South Carolina on September 21-22,
1989. As a result of the damage suffered during this
storm, an emphasis has been placed on long~term monitoring
of the recovery of damaged ecosystems.

INTRODUCTION

Hurricanes are common, but unpredict-
able, occurrences on the Atlantic and
Gulf coasts of the southeastern United
States. There is evidence that indi-
cates 160,000 to 320,000 hurricanes
have occurred in the area of the
Florida keys during the past two
million years (Ball and others 1967).
They occur about once every 20 years
in south Florida (Lugo and others
1976) and are even more common on the
Gulf coast (Conner and others 1989).
South Carolina experienced 38 hurri-
canes between 1700 and 1983, or
approximately one every seven years
(Dukes 1984). Paths have been plotted
for several time periods. Figure 1
shows hurricanes plotted for the years
1886-1963. As can be seen in the
figure, the Gulf coast has been hit by
more hurricanes than the Atlantic
coast.

High winds are usually associated with
hurricanes, but other forces include
tidal storm surge and torrential
rains. These latter forces are often
more destructive than wind alone
(Baker 1978). Hurricane winds cause
defoliation, breakage, and windthrow
in forests with the severity of damage
related to storm intensity, forest

! Assistant Professor, Baruch Forest
Science Institute of Clemson Univer-
sity, Box 596, Georgetown, SC 29442.

structure, and soil conditions (Weaver
1989). The storm surge (alsoc called
storm tide, hurricane tide, or tidal
wave) is a mound of water pushed ashore
by the hurricane. 1In coastal loca-
tions, the combined flooding and
pounding by waves can cause great
damage (Baker 1978). Heavy rains
associated with hurricanes can be both
destructive and beneficial. Much
damage has been caused in areas where
large amounts of rain have caused
flooding of tributaries and major
streams. In contrast, crops in the
southeastern United States have been
saved from drought more than once by
hurricane rains (Simpson and Riehl
1981). Tropical cyclone-related
rainfall contributes about 15% to mean
seasonal precipitation in the Gulf of
Mexico region, and up to 30% or more in
some areas (Cry 1967, Meeder 1987).

Despite the interest that hurricanes
generate immediately following their
destructive landfall, very little is
actually known about their long-term
impacts on forested ecosystems, mainly
because of the difficulty in planning
hurricane-related research (Lugo and
others 1983). It is difficult to study
an area in anticipation of a hurricane
since it cannot be predicted where or
when one will occur. After a hurricane
occurs, it takes time to design a study
and get money allocated for that study.
It is often easier to study something
else and hope that someone else will
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Figure l--Hurricanes crossing the Atlantic and Gulf coasts, 1886-1963 (modified

from Baker 1978).

follow up on the questions that have
been raised. In this paper, I will
attempt to synthesize what we know
about the impacts of hurricanes on
forests of the southeastern United
States. Special emphasis will be
placed on Hurricane Hugo as it may
provide the best opportunity for long-
term ecological research in the coming
years.

IMPACT TO FORESTS

Mangrove Forests

Even though mangrove forests (see
Table 1 for a listing of common and
scientific names of tree species
referred to in the text) represent a
small portion of the total forested
area of the southeastern United
States, there is probably more infor-
mation on impacts of hurricanes for
this forest type than any other.

Table 1--Scientific and common name of
tree species referred to in the text.

Scientific name Common name

Avicennia germinans L. Black mangrove
Laguncularia racemosa (L.)
Gaertn. f. White mangrove

Rhizophora mangle L. Red mangrove

Taxodium distichum (L.) Rich. Baldcypress
Taxodium distichum var.
nutans (Ait.) Sweet Pondcypress

Nyssa aquatica L. Water tupelo

Nyssa sylvatica var.
biflora (Walt.) Sarg. Swamp blackgum

Pinus elliottii Engelm. Slash pine




Various hurricanes have caused up to
90% mortality of mangroves in south
Florida, and there seem to be differ-
ences in susceptibility between indi-
vidual species of mangrove occupying
the same general area (see Lugo and
Snedaker 1974). Observations by
Craighead and Gilbert (1962) suggest
that hurricanes may, to some extent,
control species composition within
relatively large mangrove-dominated
areas. Mangroves in the Gulf coastal
area reach maturity in 20-25 years,
coinciding with the mean frequency for
major hurricanes in south Florida
(Lugo and Snedaker 1974). Thus,
hurricanes keep mangrove forests in a
juvenile successional state, and net
production over the long term is
higher (Lugo and others 1976).
Maximum biomass, on the other hand, is
limited by hurricanes, as exemplified
by mangrove areas of Florida, Puerto
Rico, and Mexico where biomass may be
only one-half of that reported for
Panama (Lugo and Snedaker 1974,
Flores-Verdugo and others 1987).

Another impact of hurricanes in the
Everglades region of Florida is the
construction of debris dams. High
winds and waves literally roll up
portions of mangrove swamps into long
windrows of trees, grasses, aquatic
plants and algae. These newly-formed
ridges, with the added silt and peat,
can impound large areas of freshwater
dumped on the Everglades by the hurri-
canes, helping to prevent saltwater
intrusion (Vogel 1980). At the same
time, favorable conditions are created
for mangrove reestablishment of newly
exposed flats following hurricanes
(Harlem 1979).

Freshwater Forested Wetlands

The ecological impacts of hurricanes
on freshwater forested wetlands and
upland coastal species are not well
documented. The most often reported
statistics include area affected,
severity and type of damage, number of
trees damaged, growing stock volume
lost, and economic value of the timber
lost. It has been shown repeatedly
that coastal economies recover quickly
following a major hurricane (Janiskee
1990), but little information exists
on the recovery of forest ecosystems
(Conner and others 1989).

Damage to forest types generally
increases in the order pine >
hardwood > swamp (Touliatos and Roth
1971). However, there are exceptions
as in Hurricane Camille (1969) in

Mississippi, where Hedlund (1969)
reported that both pine and hardwood
were equally vulnerable. During
Hurricane Donna, slash pine was one of
the most resistant species in Florida
(Craighead and Gilbert 1962). A
positive correlation between annual
growth of slash pine on barrier islands
along the Mississippi coast and
hurricanes has even been reported
(Stoneburner 1978). In addition,
Stoneburner found that hurricane-
induced washover deposits stimulated
germination of pine seedlings by
reducing the competitive shrub
understory and exposing the mineral
soil surface. Vogel (1980) hypothe-
sized that hurricanes have replaced
fire as a dominant perturbation that
creates proper conditions for slash
pine establishment.

In swamp forests (dominated by bald-
cypress, pondcypress, water tupelo, and
swamp blackgum), hurricanes are capable
of defoliating, topping, and overturn-
ing trees, but it is the defective and
hollow trees that usually break, and
windthrow of these wetland species is
generally rare (Craighead and Gilbert
1962, Duever and others 1984, Hook and
others 1991). Windthrow of bottomland
species is more common and may be
related to shallow rooting in moist,
soft soil (Gunter and Eleuteris 1973,
Hedlund 1969). 1In south Florida, new
leaf growth was unusually rapid for
several species of trees and many
species flowered a second time immedi-
ately following Hurricane Donna (1960;
Vogel 1980).

One aspect of hurricane-induced rains
that has generally been overlooked is
the role that hurricanes have in
inducing high export of organic matter.
Day and others (1977) reported that
Hurricane Carmen (1974) caused litter
fall to occur two months early in swamp
forests of the Barataria Basin,
Louisiana, and that a large pulse of
carbon, nitrogen, and phosphorus was
flushed from the area to the Barataria
estuary following the storm. The
material exported after the storm
represented 20-30% of the total export
for the year and the authors suggested
that this input was important in
stimulating the productivity of the
Barataria estuary.

HURRICANE HUGO

Hurricane Hugo made landfall on the
night of September 21-22, 1989, with
the eye of the storm passing just north
of Charleston, South Carolina.




Estimated maximum sustained winds were
54 ms' at Charleston and destructive
winds continued to do damage 325 km
inland (Janiskee 1990). Although wind
damage was widespread, a storm surge
averaging approximately 3 m above sea
level also caused major damage. Over-
all, Hugo was the costliest hurricane
in history with nearly $7 billion in
damage on the United States mainland
alone (Case and Mayfield 1990).

The center of the hurricane followed a
path as shown in Figure 2, causing
damage to 1.8 million ha of forest
(Hook and others 1991). This repre-
sents more area than that of Hurricane
Camille (1969), Mount St. Helens
(1980), and the 1988 Yellowstone fires
combined. A nine-county area experi-
enced a loss of 70-90% of its older,
taller timber (Janiskee 1990). The
most extreme forest damage occurred
within the area impacted by the

Moderate damage
Widespread damage
il Overstory destroyed
=mm, Path of center of eye

100 Km !

eyewall (area of very strong winds
surrounding the eye of the hurricane),
and pine and hardwood species exhibited
little differences in their resistance
to wind damage (Hook and others 1991).
Outside of the eyewall, there was
generally less damage to the bottomland
and swamp species than to pines (Hook
and others 1991, Sharitz and Putz
1990), although in some areas o¢aks were
damaged heavily. The major short-term
effect to bottomland and swamp species
was the loss of foliage and small
branches. Sharitz and Putz (1990) also
reported that trees that had previously
suffered wind damage were more
susceptible to new damage.

In one way, the point of landfall and
subsequent damage will be very benefi-
cial to the scientific world. Directly
in the path of the storm was the
Francis Marion National Forest and the
Santee Experimental Forest (Figure 3)

Figure 2--Map of South Carolina showing the path of Hurricane Hugo and the area of

damage.
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Figure 3--Map of South Carolina showing the location of areas discussed in text in
relation to the path of Hurricane Hugo.

where forest management/resource - recovery of wetland functions in
studies have been underway for over 50 watersheds,

years. Since the storm, the U.S. - ecophysiological and hydrologic
Department of Agriculture Forest studies of wetland forests and
Service has implemented a program of forest tree species impacted by
research to learn about the storm’s tidal surge,

effects on the forest and to develop - mitigation of salvage logging
appropriate means to restore this effects on wetland soils and
ecosystem. Projects include: wetland site productivity,
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- characterization of storm stress
effects on trees and subsequent
attack by insects and disease,

- recovery of wildlife popula-
tions, and

- wetland hardwood ecophysiology,
restoration ecology, and
silviculture.

Hobcaw Forest, just 90 km northeast of
Charleston, South Carclina, is another
area of active research since the
1960‘s. Post-Hugo research efforts by
Clemson University faculty are focus-
ing on the recovery of wetland forests
after inundation by storm surge.
Studies include seedling and watershed
response to saltwater, natural and
artificial regeneration of impacted
areas, productivity and nutrient
cycling studies, soil and hydrologic
changes, and modeling efforts. Other
efforts in the state include long-term
study plots in the Congaree National
Swamp Monument (Rebecca Sharitz,
Savannah River Ecology Laboratory,
Aiken, South Carolina, pers. comm.)
and Four Holes Swamp (Norman Brunswig,
National Audubon Society, Harleyville,
South Carolina, pers. comm.).

CONCLUSIONS

Hurricanes occur fregquently and are
thus a recurring aspect of coastal
forest development, but their impacts
have not been studied extensively.
Only now are scientists beginning to
recognize the importance of natural
catastrophes as critical to the
dynamics of ecosystems (Boucher 1930).
When considered in the broader context
of the functioning of coastal ecosys-
tems, hurricanes could be considered a
periodic disordering stress which
causes alteration of the biological
and physical structure, elimination of
some habitats and creation of others,
and high material fluxes (Conner and
others 1989). Since coastal forests
have developed in areas prone to
hurricanes, it is likely that these
forests have developed mechanisms to
reestablish themselves rapidly
following disturbance, as has been
suggested for rain forests (Boucher
1990). Research efforts initiated
after Hurricane Hugo will help provide
a better understanding of how coastal
forests respond to and recover from
large scale disturbance.
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IMPACT AND RECOVERY OF GULF COASTAL FORESTS
FROM HURRICANE CAMILLE!

William Colvin?

[Hurricane Camille] was a killer. She
rammed onshore in the Bay St. Louis/
Pass Christian Area with winds in
excess of 200 miles an hour. And she
was pushing a 30-foot wall of water
that wiped away hundreds of beautiful
old beachfront homes and thriving
businesses for a full two blocks back
from the beach north of Highway 90.
Before she lost hurricane force wind
status, she would leave light to heavy
damage across 15 of the state’s 82
counties (Figure 1).

Amazingly, the great majority of our
coastal highway live oaks "stood tall”
through those fierce winds. They were
stripped of all their leaves--many of
them were debarked over a high percen-
tage of their trunks--objects of all
kinds were entangled in their branches
or stuck into their main bole.

In the ten days immediately after
Camille hit, we (Mississippi Forestry
Commission) had as many as 35 forestry
crews performing vital clearing work
along the coast, all the way from the
Louisiana line to Biloxi. Well over
400 man days were used. I well remem-
ber that the work became extremely
dangerous at times, especially in
areas with downed power lines criss-
crossing the woods. People were
hooking portable generators into their
house wiring and electricity was
bleeding back into the main cross-
country lines. 1It’s a miracle that
some of our people working to clear
those lines weren‘t electrocuted!

Camille spawned a dozen or more
tornadoes as she traveled inland. I

'Editor’s Note: This article is a
synopsis of the author’s slide
presentation at the 72nd Annual
Meeting of the Appalachian Society of
American Foresters held at Greenville,
SC, January 20-22, 1993.

*William Colvin, Mississippi Forestry
Commission, Jackson, MS.
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particularly remember seeing several
quarter-mile-wide paths crossing I-59
in Pearl River County. One funnel
wiped out a tung nut orchard. 1In fact,
the winds of Camille destroyed practi-
cally all of south Mississippi’s tung
orchards. But I visited the same area
just two weeks ago to get a few "after”
slides, and came upon Tung Ridge Ranch.
A man from New York has begun an effort
to re-start the tung oil business in
Mississippi. They are planting several
hundred acres back to tung trees and
hope to bring that industry back to
life~--at not more than about 25 percent
of its pre-Camille size. Keeping pro-
duction at a reduced level will help
hold prices at a level that will make
the business profitable in today’s
world of synthetic paint additives, say
those entrepreneurs. They are cur-
rently paying two dollars per bushel
for tung nuts collected by local people
from remnant trees left along hedgerows
and protected places after Camille.

Before we leave Hancock Tower [in
Hancock County], here’s one more
before/after sequence. This first shot
was taken looking due west from the
tower over the top of the quonset hut.
As far as you could see, there were
trees on the ground. I have no sure
answer to why those trees you see
standing were left by the wind. We
looked closely at the base of some of
these trees trying to figure it out.
Apparently, trees on deep, sandy soils
send their roots deeper for moisture
and were anchored better--just a
theory--who knows? It was interesting
to see a thing we nicknamed the "zippo
effect" at the base of many of these
residual trees. You could stick a
zippo lighter (the wide way) down below
ground level next to these trees--
apparently this "wallowing out" around
the base of the tree was caused by the
winds fiercely whipping the trees in
all directions. I'm sure you could
find the same thing here in the Hugo
area. Did this tear the root system
apart? Apparently not to the extent



$ I MPS ON

I

r-—-——-—-—-—-.

—"L-_ -

CLARKE
S MITH JAS PER
-c—-’/'/'
i l LAUREL } ‘
1 N “
, W A|lY N E ‘
i | |
- DEjSOTD N E :
| l
i l an
af- ggg
L ‘ “”
i
' ]
Li-] | G R E ENQE l‘
]
- i PERR
] l \'
- 1
1
P w wn au— - b :”nBE!'Squ !.F. --------
A -
{“ 1;: I RS
f! .E;wwmns fo ko |
: N
PEAR T
) i YRl
4 L_gﬂs ¥ =
L} l
[ ]
\ S ON l\
HH |
:: ‘ ‘
¢
\.‘ - s = sioxi 0:3::“
; AY ST.L0
g ? C < a0 JOmiles
t

Figure 1--The extent of Hurricane Camille.

14




that it couldn’t develop replacement
roots to maintain the balance between
the crown and the roots. Remember,
these trees also lost some crown to
the winds.

I should note here that many land-
owners were so discouraged by the
timber destruction wrought by Camille
that they waited a long time to
replant. Many didn’t replant,
choosing instead to let the ravaged
area revert to woods pasture or to
sell their property to real estate
speculators.

[Figure 2 illustrates the] extent of
the overall timber losses we suffered
from Camille. In 1967, we had about a
billion cubic feet of pine growing
stock in the nine counties hit hardest
by Camille and about 435 million cubic
feet of hardwood. Ten years later the
forest survey shows we had only 868
million cubic feet of pine and appar-
ently our hardwood component had
jumped to about 612 million--talk
about a hardwood problem! Another
decade later, we see pine growing
stock making a comeback and hardwood
dropping back somewhat. The 1987
survey (combining the figures for nine
counties) shows that we are back above
our pre-Camille stocking of pine
growing stock with hardwood growing
stock continuing to increase.

GROWING STOCK
Nine Hurricane Camille Damaged
Counties

Survey Pine Hardwood
Year (million (million

cu. ft.) cu. ft.)
1967 999.3(70%) 434.8(30%)
1977 868.3(59%) 612.3(41%)
1987 1,044.7(62%) 631.0(38%)

Figure 2--Forest growing stock in
Hurricane Camille damaged counties.

I've watched that area be healed by
time and by landowners with vision who
picked themselves up after the hurri-
cane (some sooner than others) and did
what it took to get their timberland
back into production. As I drove
through the lower half of those nine
hardest hit counties a couple of weeks
ago, I searched hard for a scene that
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would show clear signs of Hurricane
Camille’s savagery in 1969. I honestly
could find none. All those 1969
vintage trees that had been bowed
severely, snapped or twisted off, had
long since either been salvaged,
straightened back up on their own, or
been harvested. As far as the Gulf
Coast forest is concerned, I think it
is fully recovered.

East of these nine Camille-scarred
counties, where slightly less damaging
Hurricane Frederic visited us in 1979,
you can still find a few areas (par-
ticularly in the hardwood types) that
show the effects of that storm. I
fully expect that by the turn of the
century, you won’'t be able to see any
appreciable signs of Frederic’s mean-
ness either.

[Figure 3] shows the timber harvesting
that has taken place in the nine-county
area I've been discussing. I've
included 1968 as a base year. The
Camille effect shows up first, of
course, in 1969 calendar year harvest
records. It stays up around an average
of 185 million board feet of sawtimber
until five years after Camille, then
drops back to the pre-Camille level and
below in 1988 and 1990. I think maybe
a lot of "alive, but at-risk" sawtimber
was being cut from 1970 to 1974. This
would have raised our salvage figures
somewhat, but we stopped keeping track
of salvage after August 1970, so we
don’t know for sure just how much. I
suspect that the closing of several
sawmill operations in the Gulf Coast
area in recent years is being reflected
in those 1988 and 1990 figures.

TIMBER HARVEST 1968-1990
Nine Hurricane Camille Damaged Counties

Year Sawlogs Pulpwood
(mm bd. ft.) (cords)
year (mm bd. ft.) Pulpwood
1968 140.7 454,921
1969 191.8 738,976
1970 185.8 893,597
* %k k ¥ Kk %k k * k%
1974 142.0 459,697
1978 144.5 479,990
1988 136.2 732,370
1990 125.0 891,640

Figure 3--Timber harvest in Hurricane
Camille damaged counties.



Pulpwood harvesting since Camille has
followed a similar pattern, peaking a
little earlier, in 1970, and then
dropping sharply down to pre-Camille
levels in 1974, then rising to new
heights in 1988 and ‘89 as raw prices
surged and many stands planted immedi-
ately following Camille reached full
pulpwood and two-by-four (chip and
saw) size.

That’s enough with the numbers. They
tell a deceptively simple story of
forest recovery. I certainly don’t
claim to have thoroughly looked at all
the complex factors that went into the
compilation of these figures. It
would take months of research to
really factor in all the reasons for

16

these totals. suffice it to say that
forest disasters like Camille and
Frederic and Hugo are no match for the
healing hand of nature, the determined
action of professional foresters with
know-how, coupled with the will to
recoup-and-recover of the great
majority of landowners.

Reprinted with permission from
Hurricane Hugo: Recovering from
Disaster, Proceedings 72nd Annual
Meeting and Regional Technical
Conference, Appalachian Society of
American Foresters, Greenville, SsC,
Jan. 20-22, 1993, p. 56-64. Dr. Vernon
L. Robinson, Sec-Treas, 2557

Abbott Circle, Seneca, SC 29678.
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DAMAGE ASSESSMENTS



Planning

SHORT-TERM PLANNING AND RESPONSE TO
FOREST DAMAGE!

Wray E. Freeman?®

Abstract--The South Carolina Forestry Commission prepared
for Hurricane Hugo by issuing information on care of storm-
damaged trees, by checking heavy and communications equip-
ment, and by helping to staff Emergency Preparedness
offices the night of the storm.
aftermath, personnel and equipment cleared roads for
traffic and an aerial forest damage survey was conducted.
Long-range efforts included application to FEMA for fire
prevention/contrel funding assistance and formation of the
Governor’s Forest Disaster Salvage Council.

During the immediate

Preparation for Hurricane Hugo’s
impact to South Carolina actually
began several days prior to the
storm’s arrival. As soon as weather
forecasts indicated the storm was
likely to come ashore in South
Carolina our Information and Education
Section prepared and distributed to
coastal districts a brochure on hand-
ling storm damaged yard trees entitled
YOUR TREES AFTER HUGO. Additionally,
we checked all motorized and communi-
cations equipment to see that it was
well protected and as functional as
possible. We also reviewed the
agency’s responsibility regarding our
role in Emergency Preparedness and
pre-selected personnel to be assigned
to field and state headquarters of the
Emergency Preparedness offices.

On late Thursday, September 21, 1989,
Hugo hit South Carolina. As it moved
inland, our communication system
became spotty and it became obvious we
were experiencing an extremely
destructive and far-reaching storm.

By daylight on the 22nd, Commission
personnel living in the storm’s path
began assisting the public at the

! A presentation at the 72nd Annual
Meeting of the Appalachian Society of
American Foresters held at Greenville,
S. C., on January 20-22, 1993.

? Assistant State Forester, South
Carolina Forestry Commission, P.0O. Box
21707, Columbia, S. C 29221.
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local level. 1In spite of suffering
damage to themselves, we estimate some
155 Commission personnel with 89 trac-
tors (fire suppression units) were
assisting. At the same time the state
headquarters office began to mobilize
personnel from four districts, two
state forests and two nurseries. Dis-
patch of these personnel began almost
immediately and continued through the
next few days. Also, a Commission
fixed-wing plane was dispatched to
determine road conditions to help
determine job assignments.

Within two days the agency had roughly
240 people (40 percent of its work-
force) working in the recovery effort.
Most of this effort involved opening
roads and highways to allow travel.
This road work had been pre-assigned to
the Commission in the State’s Disaster
Plan.

In our early dispatch of personnel into
the storm’s area, several mistakes were
made. We did not fully recognize that
food, water, shelter and fuel would be
scarce to unavailable in many areas.

We had to do some rapid regrouping in
order to get our personnel the items to
allow them to be self sufficient. The
main lesson learned is that you do not
want to impose on the local population
in any way during this type situation.

Many of our personnel worked in the
area for several weeks. Everyone did
so willingly and felt that they were
highly appreciated by the local
population.




One major assignment the Commission
assumed was to conduct a survey to
determine damage to the timber
resource. This survey began approxi-
mately eight hours after the storm
passed through and was completed in
four days.

Acting State Forester Jack Gould
declared a Forest Disaster on
Saturday, the 23rd, which gave the
Commission official authority to (1)
conduct a damage survey, (2) apply
Commission resources on both public
and private lands, (3) develop a
salvage and utilization plan, and (4)
coordinate all forestry interests.

To conduct the timber damage survey we
had used four-passenger high-wing
aircraft carrying a pilot and two
observers. The planes flew north-
south flight lines predetermined on
county maps (scale 1" = 1 mile) at
eight-mile intervals. Three damage
classes (light-5%, moderate-25%, and
heavy-60%) were used for softwood and
three for hardwood (light-10%,
moderate-35%, and heavy-70%). As the
planes flew the lines, using Loran-C
guidance, the observers documented
damage. By late Monday we completed
the required flying and computed the
data using a computer program set up
by one of our staff foresters. This
data was used to determine a total
damage percent for each county. This
percent was applied to the 1986 South
Carolina Forest Inventory Analysis
(FIA) data for that county. A com-
parison of the survey results with an
FIA survey completed several months
following the storm is as follows:

Commission Survey FIA Survey

Acres Impacted 4,435,363 4,505,700
Hardwood Saw-

timber (MBF) 3,456,595 3,984,000
Softwood Saw-

timber (MBF) 3,304,666 6,319,000
Total damage

value® $1,040,890,335 $1,181,457,000

It is very obvious that our Commission
Survey badly underestimated the soft-
wood sawtimber. We became aware that
this had probably happened as we spent
time on the ground following the
aerial survey. In view of the rapid
need to get damage figures we did not
take enough time to determine correct
damage categories. Overall, however,
we feel our technique is a good system

% Value damage includes pulpwood and
damage to precommercial stands.
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when you are faced with "cruising” 4.5
million acres in less than four days.

On Monday, day four, Acting State
Forester Gould and the Chairman of the
South Carolina Foresters Council, Ken
Bailey, set up a meeting of the Council
for the following Thursday. This Coun-
cil is made up of representatives from
industry, the U. S. Forest Service,
Soil Conservation Service, the S. C.
Forestry Association, Consulting
Foresters, Clemson University and the
Forestry Commission. This group gave
Gould a broad segment of the forestry
community that he could call upon to
address the problems caused by Hugo.

On Tuesday Governor Carroll Campbell
used the timber survey damage informa-
tion in a Press Conference. This gave
clout to the fact that the forest land
suffered a major loss. Up until this
time it had been difficult to get the
attention of the news media away from
the immediate coastal problems.

On Wednesday the 27th, we had our first
encounter with the Federal Emergency
Management Agency (FEMA). We recog-
nized we had three major problems: (1)
an immediate problem with timber sal-
vage and utilization, (2) within a few
weeks or months we could encounter the
most severe forest fire situation ever
encountered in the South, and (3) over
the long haul we had a massive refores-
tation effort on our hands. With the
help of the U. S. Forest Service and
the Governor’'s office, we negotiated
for well over a month before FEMA
finally agreed to assist us with our
forest fire effort. They came through
in a major way and have continued to
assist into our fourth fire season.
They have supported a massive fire
prevention campaign, two fixed-wing
airtankers, additional observation
aircraft and the construction of
roughly 4,000 miles of firebreaks
located in high risk areas.

On Thursday the 28th, the Foresters
Council met. Out of the efforts of
this group the Governor was persuaded
to declare an Executive Order creating
the Governor’s Forest Disaster Salvage
Council. This Council, with Scott
Wallinger as Chairman and Mac Lupeld as
Executive Director, coordinated a
massive effort to utilize as much of
the impacted resource as possible.

SUMMARY

I don’t think anyone or any group can
ever totally prepare and respond to an



emergency like Hurricane Hugo. We in
South Carolina did a number of things
well and came up short in others. 1In
summary, when faced by a disaster of

this type, I suggest the following:

1. Get all communications up to
speed and be prepared for backup
systems prior to the storms.

2. Count on the situation being
worse than predicted.

3. Assume utility services in the
impacted area will be out an
extended period.

q. Have a generic Forest Disaster
Plan in advance.

5. Have an active body like South
Carolina’s Foresters Council.
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6. Get the Governor’s Office
involved in the situation as
rapidly as possible.

7. Prepare personnel dispatched to
assist in the early on recovery
effort to be self-sufficient.
This may include food, water,
fuel and basic shelter.

8. Be prepared to work night and day
for an extended time.

Reprinted with permission from
Hurricane Hugo: Recovering from
Disaster, Proceedings 72nd Annual
Meeting and Regional Technical
Conference, Appalachian Society of
American Forersters, Greenville, SC,
Jan. 20-22, 1993. Dr. Vernon L.
Robinson, Sec~Treas, 2557 Abbott
Circle, Seneca, SC 29678.



SALVAGE OF STORM DAMAGED TIMBER!

H. M. Lupold’

Abstract--All timber salvage efforts following natural
disasters, including Hugo, should address these issues:

(1) realistic damage assessment,
(3) representative organizational structure,

support,

(2) obtain broad-base

(4) quick response database of businesses and technical

data,

(5) identify usable material in damaged trees,
(6) logging techniques and equipment modifications,
weather effects after storm,

(7)

(8) use of wet log storage,

(9) communications effort maybe the most important task,

(10) government relations,

(11) value timely statistics and

attitude monitoring and (12) salvage time is limited.
After nine months, 387 million cubic feet had been salvaged
of the 3.5 billion estimated damaged (15.5% versus goal of

25%).
12% of the hardwoods.

of damage exposure and salvage value received.

Over 100% of the pine goal was salvaged with only
Good forest management is a mediator

Both state

and federal sources of funds to support the Hugo salvage

function were non-existent.

The Hugo timber salvage was

performed in the woods by many thousands of landowners,
consultants, land managers, procurement foresters, loggers,
equipment suppliers and primary wood-using industries

working together.

INTRODUCTION

The salvage of Hugo-damaged trees in
1989-90 for the maximum volume and
value to the forest landowners for
conversion into solid wood and paper
products in South Carolina ceased just
nine months following the storm. I
believe the long-term salvage effort
on nearly 1/3 of sC’s forested acreage
is still in its infancy. For the most
part I will address the actual nine
months of timber salvage, but reserve
the right to make a few comments on
the future, the fact that good forest
management pays and forestry'’s
communication/education status with
the general public. I want to thank
John Purvis for including the ETV tape

! A paper presented at the 72nd Annual
Meeting of the Appalachian Society of
American Foresters held at Greenville,
§C, on January 20-22, 1993.

? H. M. Lupold, Manager, Manufacturing
services, Wood Products, Federal Paper
Board, Co., Inc., Riegelwood, NC.
Executive Secretary, Governor'’s Forest
Disaster Salvage Council, 1989-90.
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on the salvage in his presentation.
You now have a feel for the woods
condition and the magnitude of the
problem. This allows me time to
critique what we did and perhaps you
might think about your own situation
and possible forest disaster/salvage
contingencies.

DAMAGE ASSESSMENT

To best relate the salvage efforts, I
have selected twelve topics to discuss
in some detail. The first of these is
the "damage assessment" which Wray
Freeman has so well presented. The
outstanding thoroughness and timeliness
of the SC Forestry Commission data
assisted in gaining political, indus-
try, agency and other forest community
support. The volume, location and
extent of damage assisted in forming
the salvage committees, communication
message, individual industry procure-
ment policies, forest management
approaches, salvage goals, and on and
on. Certainly without the facts, an
effective salvage program will never
succeed.



STRONG SUPPORT BASE

Hugo’s $1 billion plus timber loss
mandated the highest political support
by using the Governor’s Office to open
as many doors as possible. Without a
"strong suppert base”, my second sal-
vage consideration, the consolidation
of effort that may best serve the
landowners and primary wood-using
industries is lost. When you focus on
a specific geographic area and con-
sumer products, activities must be
handled through a governmental sanc-
tioned entity as far as anti-trust
issues. An attorney was present from
the state Consumer Affairs Office at
most of our meetings. The salvage
phase in the woods and at the mills
necessitated land manager, logger and
industry involvement because these
functions are not part of the daily
activities nor expertise of the
governmental agencies. The SC
Forestry Association assumed the lead
role in organizing, monitoring and
financing the Salvage Council’s
efforts.

ORGANIZATIONAL STRUCTURE

The extent of damage dictates the type
of salvage structure required, be it
an intensified use of existing groups
or a formal structure with full-time
emphasis and/or personnel. "Organiza-
tional structure" then, is the third
salvage point. The objective of the
Salvage Council was to recover the
maximum volume and value to the forest
landowners. To accomplish this the
council formed four working commit-
tees: Utilization, Information,
Statistics and Monitoring and
Governmental Affairs.

"Move the Wood" - Utilization Commit-
tee - Comprised landowners, managers,
consultants, loggers, industry--solid
wood and paper mills--hardwood and
pine, equipment suppliers, railroad
and trucking experts and several wood
technologists. At one meeting 31 of
the 32 members were present. Fantas-
tic interest and support. Four sub-
committees were developed specifically
for the salvage effort. Utilization
concentrated on the logging and mill-
ing activities within the salvage area
and throughout SC. The 10 or so key
people that usually control 80-85% of
a state’s procurement volume must be
part of these committees. OQut-of-
state insured that sawmills and pulp
mills in other states knew of the
salvage problems, opportunities, plans

and export potentials. Transportation
concentrated on log trucks, rail,
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overseas shipping and barge methods.
Storage placed emphasis on wet storage
of logs and looked at rough green and
finished lumber storage.

“Information Out” - Information Commit-
tee - Basically used the Communications
committee of the SCFA. Used existing
committee structures when possible. We
supplemented with PR personnel from the
Farm Bureau, ASCS, SCS, Clemson and SC
Dept of Agriculture. Most of the daily
activities were centered at Clemson
Extension with a full-time writer who
focused on the public and other inter-
est group media.

"Remove Barriers" - Government Affairs
Committee. Comprised the SCFA Govern-
mental Committee with the addition of
the 2 Senators and 2 Representatives
appointed to the Salvage Council.

"Information In" - Statistics and
Monitoring. Utilized personnel at the
SC Forestry Commission, plus industry
and consultants to track weekly salvage
volumes, wet storage status and
opinions from the field of salvage
progress.

The Executive Committee performed most
of the detail activities using a
smaller group, represented by the
committee chairmen. Funding was
provided up-front by the SC Forestry
Association and later $17,000 of the
$25,000 expended was reimbursed from
various Hugo relief funds in the
Governor’s Office. Expenses of the
Forestry Commission for mailings,
office space and phone, and at Clemson
Extension for media expense were borne
by each of these groups.

DATABASES/TECHNICAL LITERATURE

Most of the committee early functions
depended upon obtaining information or
technical data from a variety of groups
and then distributing this data to the
same or other groups about all facets
of the salvage. No comprehensive
computer database of all these organi-
zations existed. My 4th point concerns
"organizational and individual data-
bases and technical literature
libraries". To put it bluntly, will
some entity step forward and take on
the responsibility to prepare a stan-
dard format where all the forestry/wood
product organizations and landowners
throughout the southeast can be
included and whatever sort is required
can be quickly retrieved. This would
have saved us 4 to 5 weeks. Research
data and reports on past salvages need




to be compiled and located in each
state.

WHAT CAN BE USED?

One of the first questions asked is,
"what can be used” by the sawmills,
plywood plants and pulp mills, this
being my 5th and longest discussion
point about the salvage. In the woods
damaged trees were usually found in
three basic conditions:

- Blowdowns, with some of the root
ball still in place,

- Snap offs, at 3’ to into the
tops, and

- Leaners, of all angles.

From Camille (Mississippi-Alabama) in
1969, the latest damage comparison to
Hugo, those involved advised they were
able to leave their blowdowns until
last, and most lived through the
summer with salvage up to a year
later. With Hugo, pine blowdowns
began to die in mid to late spring.
Hardwoods were not far behind. Per-
haps the roots were more severely
stretched and damaged, the downing
impact so much greater than with
Camille. We were really counting on
the blown over hardwoods to live for
2-3 years.

The completely broken-off trees,
mostly pine, were reduced in most
instances in value from sawtimber to
pulpwood. Snags and broken tops could
be used for sawlogs, if all the broken
section and any other visible defects
were cut out. A rule of thumb from
Camille sawmillers held true in Hugo:
on broken ends follow the visible
split to its end and then go an addi-
tional 4'-6’ and cut the stem. Even
with this trim-back procedure, the
chance of splits, shake and timber or
compression breaks were possible. 1In
the video, Chip Ingram showed you the
results of a compression or timber
break.

A reduction in delivered prices for
logs at the mill discounted for the
chance of splits and breaks occurring
in the lumber. Since hurricanes occur
in the fall, blue stain and insects do
not become a problem until spring.
Toward the end, the pine pulpwood
utilization indicators were--if the
brown needles did not drop off or the
bark fall off when you hit it with
your foot, then use it.

Most of the leaners were living when
the USFS survey categorized the
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damage/risk classes 2 and 3, which were
the least severe. Today, I see few
leaners still living. If so, the
damage value could reach $2 billion.
The current Forest Service survey in
progress will quantify what type tree
ultimately dies from a hurricane of
Hugo’s intensity.

Nearly 30 separate mailings over the
9-month salvage were sent by the Execu-
tive Secretary with outstanding assis-
tance from the Forestry Commission to
over 500 persons or groups advising all
of the current information possible
about the salvage. About 400 different
buy-sell-want type interests were
advertised in the "classified"” listings
as submitted to the Council. The
Council encouraged wood-using indus-
tries within the damaged area, and in
Georgia and North Carolina when pos-
sible, to divert from cutting non-
damaged stands and concentrate on the
salvage. Concerns of various land-
owners around the Francis Marion were
discussed with the USFS with the intent’
to minimize the private land-owners
salvage problems in that area.

The 27% salvage results of Camille were
reviewed in an effort to establish a
Hugo goal. Hugo involved seven times
more volume. Several industry procure-
ment personnel participated in evalu-
ating the potential salvage volumes
using two different approaches:

1. by analyzing what could be done
from the woods and logging side
with maximum out-of-state/export
consumption and normal weather
conditions, and

2. looking at the salvage from a
manufacturing capacity, 2 years
pine and 15 years hardwood on the
ground.

A blend of these two analyses deter-
mined the pine and hardwood levels, a
25% salvage goal of the total cubic
feet.

Most of us felt just after the storm,
as Eddie Drayton mentioned in the
video, that the hardwoods could have
lasted 2 to 3 years since so many were
blown over with a good portion of the
root system still intact.

LOGGING

"Logging", item #6, was a completely
new chapter in timber harvesting as
evident in the video. Tree shears were
almost useless. Crews needed a chain



saw per man to trim and cut through
the entanglement to get to each snag,
leaner or broken top. Production
rates were reduced 1/2 to 1/3 of
normal cut and skid. This resulted in
a second reduction factor in landowner
stumpage. A high percentage of SC
loggers were concentrated in the
salvage area and the reduced produc-
tivity could not support the full
manufacturing capacity. The lumber,
plywood and paper markets were never
affected by Hugo and remained fairly
strong during the salvage period and
the bottom did not occur until late
1990. To meet the favorable market
and mill capacities, additional out-
of-state loggers were secured. Tying
up a logger for your specific needs
was the name of the game. The legal
road weight on log trucks was raised
from 80,000# to 90,000# and was
extended by the Governor two times
until March 15th ("Hugo Timber Haul"
sticker in video). Some of Hugo’s
broken mess could have been logged on
the drier sites using short-wood
crews, but the paper mills had
converted almost completely to tree
length with only a few out-of-state
operations taking the 5’ lengths.

Only a few shortwood woodyards were
reactivated. Shortwood rail cars were
in excess. Be prepared for change--
Camille, 20 years earlier, was a
short-wood operation. The hardest hit
mills from Hugo logging were the
single species hardwood operations
that usually depend on a large logger
to perform separations on the log deck
for their needs.

WEATHER CONDITIONS

One factor controls the volume,
species and length of time in a
salvage more than any other, and that
is the "WEATHER", point #7. It also
controlled the attendance at this
meeting, most mills have few to no
logs. Hugo was considered a dry
hurricane, very little rainfall prior
to and during the storm. Once the
family concerns and basic infrastruc-
ture of services and access were
restored, the rains had set in and the
15 inches in September and October
fully saturated soils throughout the
coastal plain. Few trees remained to
suck up water during the normal
October to December growth period.
With loggers at half capacity due to
the twisted mess, the rain-socaked soil
severely limited usable logging sites.
This limited logging capacity was
apparent from November through
January. Here again, if the timber
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could not be logged, it was worth
nothing and on sites that could be, the
landowner experienced additional stump-
age discount. Landowners with deep
sandy soils fared much better than the
wet-site forest owners. As late as May
and June, loggers were unsuccessful in
harvesting tracts with 10 to 20 MBF/
acre due to soils still saturated. The
black-water swamps were flooded much of
the 9-month salvage period; and as is
the normal case, once the red rivers
subsided, some logging occurred in the
Congaree, Wateree, Santee and Pee Dee
Rivers which were really hit hard with
blowdowns. These flooded swamps are
the primary reason hardwoods were
limited to only a 3.3 percent salvage
performance. Pine reached 40 percent
in 9 months (of the total CF damaged).
We worked closely with SCS to clear
drainage ditches. For forestry’s
benefit they did not move fast enough,
nor complete enough distance. Most
projects stopped before they got to the
forested acreage.

The combination of twisted damage and
rain-soaked soils, despite the more
than doubling of loggers in the area,
limited the delivery of logs to primary
mills to the extent they never created
any excess until spring. Only 8
percent of the salvage was shipped out-
of-state during the first three months
and limited wet storage was initiated.
Despite exerted efforts to ship logs,
rough green lumber and chips out-of-
state or for export, the weather essen-
tially restricted the logged volume for
local or SC consumption. Since SC’s
state ports are not traditional log,
pole and lumber facilities, the port
charges at two to three times Savannah
and Mobile discouraged export, plus
they were not willing to give up con-
tainer space for wood products. Extra
wide tires to improve flotation, heli-
copters (video), horses, oxen, etc.
were all tried to escape the wet
ground. By April we began to discour-
age the use of out-of-state loggers.

If the rains weren’t enough, then the
80-degree weather in March and 90-
degree in April told the tale that
ended the salvage earlier than Camille.
The final salvage chapter always ends
with stain and borers in both the pine
and hardwoods. The warm spring accel-
erated the stain presence and essen-
tially ceased the salvage in June.
Today, stain in lumber, although
accepted in the SPIB grade rule, is not
accepted by the treaters and the
homeowner, DIY market from an
appearance standpoint.




WET STORAGE OF LOGS

When your loggers aren’t bringing in
excess logs you tend not to think
about "wet storage", emphasis #8.

Most east side mills have had limited
experience with wet log storage and
therefore respond at the last possible
moment. In late December all the
technical publications in print on wet
storage and a summary of the sSC situ-
ation was distributed. A seminar with
DHEC and USFS experts was held in
January. DHEC variance allowed for
immediate use of a properly designed
site with subsequent reporting. This
saved a normal 6 months application
time.

By April 46 potential sites had been
identified to store 150 million BF and
63,000 cords pine and hardwood and if
fully filled would be worth $30
million at pre~Hugo values. Several
excellent studies since Hugo by
Clemson and the USFS are available on
wet storage design and product place-
ment and in lumber and veneer quality.
These publications should be selling
at a premium since many mills in the
Carolinas are talking about wet
storage capability in late 1993 and
1994. Log storage is really a simple
operation--the key is, to store only
good quality logsittil

In 1938, after the New England hurri-
cane, 63 log pond sites were leased by
the government to hold 500 million BF
of timber to be purchased for resale
to industry at a later date. That
storm had the same volume of white
pine damaged as Hugo with southern
pine. We were totally unsuccessful in
obtaining any federal or state funding
for log storage or for leggers.

If a tremendous surplus of logs had
been available in early 1990, I
believe our log-storage situation may
have been completely different. A
more visible response would have been
made to satisfy this opportunity to
provide value to the landowners and
have logs for processing. You must
place emphasis and pressure on areas
with specific problems and support
with factual impacts. The Santee
Cooper lakes and sites on Francis
Marion National Forest were investi-
gated as potential government funded
projects.

COMMUNICATIONS

My 9th point is "Communications”.
Clemson Extension provided special
emphasis and funding toward the
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communications effort. Several tech-
nical publications were prepared about
damaged timber and landowner meetings
were held throughout the area. Special
feature articles were released to the
news media. It’s sad when the news-
papers no longer want to publish the
plight of the landowner who may have
lost tens and even hundreds of thousand
of dollars, but jump at the opportunity
to present something new or a single
incident like horse logging. SC ETV
assisted in several programs and video
features. As hindsight, I believe the
Council as a whole could have done more
in these areas:

- participated on more radio and TV
talk shows,

- weekly face-to-face contact with
newspapers from Charleston to
Charlotte,

- feature writers need to be
located in the salvage area at
least in the case of a major
storm like Hugo,

- stronger message to private
landowners to seek professional
advice, and

- stronger appeal to the general
public, if that’s possible.

GOVERNMENT AFFAIRS

"Government Affairs”, item #10,
obtained the higher truck weight and
DHEC log storage variance early on.
Attempts in Congress for legislation on
reforestation, a CRP program, a casu-
alty tax basis allowance, forest survey
expense and storage funding failed to
pass just prior to Thanksgiving.
Several tours of the salvage were made
for the Governor, Legislative Commit-
tees, FEMA and the USFS Washington
office. FEMA was never supportive of
specific funds for salvage operations.
We did assist the Forestry Commission
in its efforts for fire prevention and
presuppression. Other attempts in
Congress failed on a special crop loss
(for timber) provision and further
casualty tax allowances (most land-
owners had no basis in their timber and
the loss was 100% out-of-pocket). With
a shortage of state funds, the General
Assembly never could justify allowances
for a state casualty tax loss provi-
sion, ITC for reforestation, or speci-
fic funding for the salvage council.

Just yesterday at a Forestry Associ-
ation meeting, we discussed possible



forest disaster (hurricanes, tornadoes
and excessive wet weather) legislation
that would automatically fall in place
for low-interest loans and maybe a 25-
to 50-basis casualty loss allowance.

A timber salvage program should not
sit back and wait on special govern-
ment funding. All available state
efforts will be toward restoring the
normal infrastructure. The salvage,
ags evident of the lack of success we
had in obtaining special funds or tax
provisions, actually boils down to
landowners, managers, loggers and
primary manufacturers working
together.

STATISTICS AND MONITORING
"Statistics and Monitoring"”, point
#11, is essential to track and
evaluate the salvage progress. The
adjusted volume evaluated all mills
reporting, including out-of-state,
with an 85 percent hard number
participation. Industry finds this
type information very useful during
the salvage. I’ve included so far
several statistical findings, here are
some others:

- After 9 months, salvaged 387
million CF of 2.5 billion
damaged, 15.5%. 62% of our 25%
goal. The USFS Survey will tell
the real story--volume damaged,
salvaged and what type risk
condition ultimately dies.

- 10.1 percent shipped out-of-
state

- Softwood sawtimber

797 MMBF 100% goal
Softwood pulpwood

2.1 million eds 107% "
Hardwood sawtimber

64 MMBF 108 "
Hardwood pulpwood

508 thousand cds 15% "

- Source, minimal accuracy:
Private 49%, industry, 13%,
government 18%, unknown 20%.

LENGTH OF TIME

My final and 12th comment is "length
of time". Damaged timber is a perish-
able product. All of the factors I've
mentioned above are constantly closing
in on your efforts. The Council tried
to take a can do approach--no time for
lengthy studies or reports, but rather
each day inform as many people in the
field as possible of the opportuni-
ties, possible solutions, where to go
for advice, and status of the salvage.
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GOOD FOREST MANAGEMENT A

SALVAGE MEDIATOR

I have intentionally left out several
salvage pointers because they relate
directly to the status of forest
management being practiced on any
timber tract at the time of a disaster
--not just Hugo. Good forest manage-
ment is an ongoing mediator of damage
exposure. Just think: problem free
sales mean painted property lines with
wide firebreaks; basic access; ade-
quate culverts; maybe some gravel or
ROC; sufficient drainage to remove
excess water; being active in timber
sales means buyer contacts with early
negotiations maybe at 85-95% pre-Hugo
prices, rather than less than 50%
later; managed smaller acreage stands;
less exposure; longer interval for
thinned trees to stiffen; no slick-
bark, old growth--a Hugo nemesis;
performed control burning, hardwood
reduction, good seed bed condition--
thus adequate natural regeneration.
Observe much of Francis Marion today
and lower Colleton and Charleston
counties from Gracie in 1959. Thus,
limited salvage volume at reduced
price. Bulk of stands remain to manage
for excellent future markets. Good
management pays!

IMMEDIATE NEEDS OF PEOPLE AND
INFRASTRUCTURE GREATER THAN

TIMBER LOSS

With Hugo the Council approached the
Governor, the Legislature, the US
Congress and the people of SC with
these facts:

- $1 billion loss in timber and
could possibly double when all
the mortality is known, less than
$100 million in salvage value.

- Over $10 billion of potential
forest products sales of lumber
and paper will rot in the woods
of scC.

- SC’s ultimate loss could exceed
$40 billion using all the
multipliers in the economy.

- The December Budget & Control
Board estimate illustrated that
timber was 75% of SC’s unrecov-
erable Hugo loss.

These unbelievable facts did little to
bring about any viable programs to
assist the private landowner. Once the
San Francisco earthquake occurred our
efforts in Washington completely died.




It is critical that the public under-
stands what we are all about, appreci-
ates the wood and paper products they
depend on daily, and we link the
forest resource and our management
activities to their need. The current
efforts of the state Forestry Associ-
ation and Commissions must be con-
tinued and expanded. With all
disasters the immediate emphasis will
be toward people needs and community
infrastructure, not on forest salvage
and renewal which are more long-term
situations.

The Salvage Council did not cut a
single tree or haul any loads of logs.
This was done by the efforts of tens
of thousands of landowners, consul-
tants, loggers, mill people, equipment
suppliers, etc. I thank all of them
for their support to the Council.

Today we as foresters must take this
tract called, "South Carolina" and

type out the state’s forest and ask

the question what are we going to do
with this one area comprising 36% of
the state. It’s a unique and differ-
ent type of problem. Landowners and
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industry are going to suffer even more
if we don’t approach it as a special
problem. The Foresters Council and/or
the Salvage Council following the
release of the new forest survey data
must immediately address what most
people fear as a worst case scenario
for sc.

The statement of Scott Wallinger,
chairman of the Salvage Council, about
the salvage efforts in 1989 still apply
today in 1993 to the current Hugo-
damaged forest condition - "Seeking
Unprecedented Solutions To
Unprecedented Challenges”.

Reprinted with permission from
Hurricane Hugo: Recovering from
Disaster, Proceedings 72nd Annual
Meeting and Regional Technical
Cconference, Appalachian Society of
American Foresters, Greenville, SC,
Jan. 20-22, 1993. Dr. Vernon L.
Robinson, Sec-~Treas, 2557 Abbott
Circle, Seneca, SC 29678.



HOW TO EVALUATE AND MANAGE STORM-DAMAGED FOREST AREAS

Patrick J. Barry', Coleman Doggett?,
Robert L. Anderson!, and Kenneth M. Swain, Sr.?

INTRODUCTION

Hurricanes, tornadoes, and ice storms
strike somewhere in the South almost
every year. They cause extensive
forest damage by uprooting, wounding,
bending, and breaking trees. Standing
water, which often accompanies hurri-
canes, can cause additional stress and
mortality. When one of these natural
disasters occurs, it is important to
have a plan for managing damaged
timber.

Development of a storm damage manage-
ment plan involves several systematic
steps. As soon as possible, the area
should be sketch mapped or aerial
photographed. The next step is to
ground check the damage to determine
the need for salvage. Priorities for
salvage will depend on location,
amount and type of damage, and
management objectives. This guide
presents methods for managing
storm-damaged trees to reduce growth
loss, product degrade, and mortality.
In the process, other factors such as
threatened and endangered species must
be considered. The information pre-
sented here will assist in setting
priorities.

SURVEY THE DAMAGE

Two types of surveys, general and
intensive, are needed to determine the
extent of forest damage from a storm.

General surveys are designed to deter-
mine geographical area affected by
storms. These are very quickly and
easily done from the air. Using
aerial survey techniques, damaged

! Entomologist, USDA Forest Service,
Southern Region, Forest Health,
Asheville, NC.

? senior Staff Forester, North
Carolina Forest Service, Raleigh, NC.
* peputy Director, USDA Forest
Service, Southern Region, Forest
Health, Atlanta, GA.
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areas may be sketched on preexisting
maps or photographs, or damaged areas
may be aerially photographed. A plani-
meter or other device is then used to
determine acres affected.

Intensive surveys are designed to
collect information on volumes of
timber damaged and on conditions of
surviving trees. Volumes of storm-
damaged timber are difficult to
estimate with aerial survey techniques
because damaged trees are broken and
twisted together. It is also difficult
to determine tree condition from the
air. Consequently, intensive surveys
usually require ground-based plots for
acceptable accuracy. The number and
size of plots are determined by desired
accuracy, and by time and personnel
constraints.

Tornado damage surveys are unique
because the storm tracks are usually
long and narrow with few surviving
trees. Volumes of tornado damaged
timber may be estimated by taking
systematic plots on a transect parallel
to the storm track but just outside the
damage area.

NOTE TYPES OF DAMAGE AND TAKE

ACTION

Breakage

Breakage is the most common type of

storm damage. Its impact depends on
the degree and pattern of damage as

well as the tree species involved.

Breakage inevitably lowers timber
values. Breaks are uneven by their
nature and occur randomly along the
tree bole. The random pattern lowers
value since products are normally cut
in specified lengths. Breakage also
lowers value because difficulty in
logging in broken timber slows produc-
tivity. Patterns are important when
assessing breakage impact. When ice or
strong gale-force winds break trees,
break patterns are simple and limited




to the area adjacent to the break-
point. Hardwood trees are seldom
killed by breakage. Even when tops
are completely gone, new branches will
sprout and the tree will recover. 1In
hardwoods, the major problem is that
breaks in the trunk or large branches
(over 3 in. diameter) permit entry of
stain and decay fungi. Stain will
move vertically from the injury at a
rate of 6 to 18 inches per year, and
decay will follow the stain in 8 to 10
months.

Most species of pine will die if tops
are completely broken and no live
limbs remain. If three or more live
limbs are left in the tops of loblolly
or slash pines, the chance of survival
is excellent (above 75 percent). One
of the lateral branches in these trees
will become the terminal, and in 8 to
10 years the only sign of breakage
will be a sharp crook in the bole at
the point where the break occurred.
These trees will experience growth
losses, however.

Recommendations

For hardwoods, trees with broken tops
or branches over 3 inches in diameter
should be salvaged during the next
scheduled harvest. High-value trees
such as those in recreation areas and
in yards should be properly pruned to
promote rapid healing.

For pines, if three live limbs or less
remain, the trees should be harvested
as quickly as practical.

Twisted Trunks

The cyclonic winds that are typical of
tornadoes, and often accompany hurri-
canes, cause twisting and separation
of wood fibers in the main stem. Logs
from trees that have experienced this
treatment may fall apart when sawn for

lumber products. Trees twisted by
cyclonic winds may appear normal,
except that pines often have pitch flow
along the trunk.

Recommendations

Trees with evidence of twist injury
should be removed, since the problem
will not disappear with time and
considerable losses may be incurred
during a later harvest.

Root Damage

If they are not salvaged promptly,
uprooted trees probably will be
degraded quickly by stains, decays, and
secondary insects, such as Ips bark
beetles, borers, powderpost beetles,
and ambrosia beetles. The longer
salvage is delayed, the greater the
amount of degrade and weight loss from
rapid drying. Degrade translates into
a stumpage value loss. The amount of
degrade that is acceptable to industry
depends on the tree species and local
markets. Table 1 shows the probable
sequence of invasion by damaging
organisms in storm-damaged timber.

Root-sprung trees will not die immedi-
ately, but will show decline symptoms
over a period of several years. These
trees may be invaded by root rot
organisms and subjected to drought
stress and insect attack. Root-sprung
pines may be invaded by bark beetles
and blue stain fungi. These pines can
serve as prime habitat for the southern
pine beetle and, if conditions become
favorable, an outbreak could occur.
They can also harbor high populations
of turpentine beetles.

Recommendations

Trees with major root damage should be
salvaged as soon as possible to avoid
growth loss, product degrade, bark
beetle attacks, and mortality.

Table l1--Sequence of invasion of damaging organisms in storm-damaged timber

Species Year 1

Year 2

Pine Bark beetles, ambrosia beetles,

Decay fungi

sawyers, blue stain fungi, soft

rot fungi

Oak and hickory

Wood borers, ambrosia beetles,

Sapwood decay fungi

stains, soft rot fungi

Other hardwoods

Wood borers, ambrosia beetles,
stains, soft rot fungi

Sap and heartwood
decay fungi




Major Wounds

During storms, many trees sustain
wounds caused by falling tops,
adjacent uprooted trees, and major
branch breakage. In hardwoods, wounds
that do not penetrate more than 2
inches into the sapwood and have less
than 144 square inches of surface area
will have only localized stain, but
little decay. Wounds that exceed
these limits will have stains and
decay that move at the rates described
for broken branches. Pine trees with
major wounds to the lower bole and
larger roots may be attacked by bark
beetles.

Recommendations

Trees with major wounds should be
considered for removal during the next
scheduled harvest, or they should be
included in the salvage operation.

Bent Trees

Bent hardwoods usually are not
attacked by insects or diseases
because they are not in a stressed
condition. Pine trees that are bent
to the extent that cracks and resin
flow occur may be invaded by bark
beetles and disease-causing organisms.

Recommendations

Small trees (under 15 feet in height)
usually straighten even after severe
bending. Taller severely bent hard-
woods should be removed during the
salvage operation or the next sched-
uled harvest. Be sure to inspect
large pine timber for pitch flow.

Many large, green, standing trees may
not be usable for veneer, poles, or
lumber because of internal ring shake,
splintering, and separation of the
wood fibers. Often, the only external
evidence of such damage is pitch or
sap flow where the injury has broken
the bark. These characteristics are
often overlooked, and considerable
losses are incurred during a later
harvest.

Standing Water

In standing water, the dissolved
oxygen is quickly depleted, so trees
of most species are injured by pro-
longed flooding, particularly during
the growing season. The loss of soil
oxygen leads to root mortality and
tree death. Trees weakened by stand-
ing water are often attacked by
insects or affected by diseases.
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Recommendations

Forest managers may wish to favor
flood-tolerant trees and shrubs in
areas subject to intermittent flooding.
Tree species that can tolerate pro-
longed or intermittent flooding are
noted in Table 2. Flood-tolerant
shrubs include: buttonbush, sand plum,
deciduous holly, and swamp-ironwood.

MANAGE TO REDUCE PEST-CAUSED
LOSSES

Storm damage often increases the risk
of pest outbreak by weakening the
defenses of host trees. Pest infesta-
tions will not develop unless suitable
host trees are available, so every
effort should be made to remove concen-
trations of susceptible host trees. A
well-planned and executed salvage
operation can greatly increase a
stand’'s resistance to pest attacks.

To ensure effective salvage, we
recommend the following approach:

1. Act quickly. Prompt salvage will
help avoid losses from degrade
and subsequent pest-caused
mortality.

2. Measure carefully the extent of
the damage before deciding on a
salvage operation. A number of
factors such as stand age,
species, stocking, and management
objectives will need to be
considered.

3. Salvage the most severely damaged
timber first. Concentrate on the
pine stands, because they are
more susceptible than hardwoods
to pest outbreaks. On deep sandy
soils where a stand will be left,
the stumps should be treated for
annosus root rot control. During
salvage avoid damage to residual
trees.

4. Complete salvage promptly and in
one continuous operation. Bark
beetle populations are more
likely to build up in the slash
and move into healthy trees if
logging operations are prolonged
or interrupted for periods of a
month or more. (When salvage is
delayed, a helpful guide is
available for utilization of
beetle-killed pine trees based on
tree appearance. See Table 2.)



Table 2--Utilization guidelines for beetle-killed pine trees!

Product Class A Class B
Treeg with needles Trees with no needles,
or nc needles, most twigs and

but twigs attached branches lost, and
some broken tops

Comments

Appearance Not recommended Not recommended
lumber?

Dimension Can be used Not recommended
lumber? with caution

(structural)

Decorative Can be used Can be used

lumber boards
and paneling

Posts, poles, Not recommended Not recommended
piling

Plywood Can be used Not recommended
Hardboard, Can be used Can be used

particle-board,
medium density

fiberboard
Pulp Can be used Can be used
Fuelwood Can be used Can be used

Blue stain prohibits use.

Should be kilin dried to prevent
emergence of secondary insects.

Low moisture content may dull

saws and chipper knives faster than
with sound wood and may require
milder kiln schedule. Do not use
where toughness is important.

Should be kiln dried.

Toughness and preservative
treatability may be highly
variable.

Adhesives and gluing practices
may have to be adjusted.

Low moisture content may affect
some production schedules.
Should be mixed with sound wood.

Blue stain and low moisture
content may affect pulping
process and chemical or energy
requirements. Should be mixed
with sound wood, particularly
where strength is important.

Low moisture content increases
heat value.

! For more information on utilization of beetle-killed trees, see "A Guide for Using Beetle-Killed
Southern Pine Based on Tree Appearance"”, by Michael P. Levi, USDA Agriculture Handbook 572.

2 For more information on economics of producing lumber from beetle-killed pines, see "A Mill
Operator’s Guide to Profit on Beetle-Killed Southern Pine"”, by S.A. Sinclair, USDA Agriculture

Handbook 555.

5. Follow the practices listed
below to ensure that the
residual material (slash) will
dry quickly. Bark beetle
infestations will not build up 6.
in dry material.

. Cut all logs from seri-
ously damaged trees to the
minimum merchantable size
and remove them from the
area.

. Lop and scatter all har-
vesting slash and tops
into open areas when 7.
possible.

. Scatter large accumula-
tions of slash away from
the bases of residual
trees, and into direct
sunlight if possible.
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. Sever downed trees from
roots that could keep them
alive.

Inspect large pines for pitch
flow. Many large, green, stand-
ing pines may be unusable for
veneer, poles, or lumber because
of internal splintering and
separation of the wood fibers.
often, the only external evi-
dence of such damage is pitch
flow where the bark has been
breoken.

Follow the ratings of species
resistance to insects and
diseases in Table 3 when planning
the salvage of timber, especially
hardwoods.




8. Consider deducting storm-damage
losses on income-tax returns.
Landowners can secure advice
from local foresters, accoun-
tants, attorneys, or Internal
Revenue Service agents concern-
ing deductible losses.

9. Check for pest activity after
salvage operations are finished.
Make periodic surveys, either
aerial or ground, of the
residual stands to check for
pest activity. These surveys
may be required for up to 2
years. Trees that are turning
yellow, have pitch tubes on the
bark, or red boring dust around
the base, are probably affected
by insects, diseases, or both.
These trees should be considered
for control activities.

MANAGE TO REDUCE HURRICANE

DAMAGE

Tree species vary in their ability to
withstand hurricane winds and salt
damage. Wind resistance depends on
the interaction of five factors:
strength of the wood, shape and size
of the crown, extent and depth of the
root system, previous moisture condi-
tions, and shape of the bole.

No tree species has perfect wind resis-
tance, but live ocak, palm, pondcypress,
and baldcypress are among the best, as
shown in Table 3. These trees combine
deep root systems with buttressed
trunks (low center of gravity). The
wood of live ocak is exceedingly strong
and resilient. The crown is usually
widespread, but this does not seem to
negate its strong points. Cypress has
relatively weak wood, but its crown is
so sparse and its foliage so limber
that it is also extremely windfirm.

shallow-rooted trees are easily
uprooted, especially after the soil is
saturated by heavy rains. Common
shallow-rooted trees along the coast
are dogwood, water oak, pecan,
sweetbay, and red maple. Common
deep-rooted trees are live oak,
longleaf pine, and pondcypress and
baldcypress.

Trees growing in sandy soils are more
deeply rooted than trees growing in
soils with an inhibiting clay layer or
a high water table. Although rooting
habits vary according to the soil
profile, each species has a charac-
teristic pattern. Another factor to be
considered is the height of the tree.
The taller the tree, the greater is its
chance of breaking, especially if the
bole has little taper. For this
reason, tall, slim slash and longleaf
pines are extremely vulnerable.

Table 3--Resistance of tree species to hurricane-related damage (in descending

order of resistance)

Flood Deterioration
tolerant Breakage Uprooting Salt by insect
and disease

baldcypress live oak live oak live oak live oak
pondcypress palm palm palm palm
tupelo-gum baldcypress baldcypress slash pine sweetgum
sweetbay pondcypress pondcypress longleaf pine water oak
willow sweetgum tupelo~-gum pondcypress sycamore
sweetgum tupelo-gum redcedar loblolly pine baldcypress
sycamore mimosa sweetgum redcedar pondcypress
river birch dogwood sycamore tupelo-gum southern red oak
cottonwood magnolia longleaf pine baldcypress magnolia
green ash sweetbay mimosa sweetgum tupelo-gum
red maple southern red oak southern red oak water oak sweetbay
pecan water oak magnolia sycamore hickory
mulberry sycamore slash pine sweetbay pecan
American elm longleaf pine loblolly pine southern red oak redcedar
persimmon slash pine sweetbay hickory red maple
silver maple loblolly pine water oak mimosa mimosa
water oak redcedar red maple pecan dogwood
swamp chestnut oak hickory dogwood magnolia longleaf pine
magnolia red maple hickory red maple slash pine
hickory pecan pecan dogwood loblolly pine
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Open-crowned and lacy-foliaged trees,
such as cypress and mimosa, offer less
resistance to the wind, and thus are
better able to survive. On the other
hand, magnolia trees with their heavy,
wind-catching foliage are windthrown
more than their root system and bole
structure would indicate. Palm trees
offer little surface to the wind

" because they have almost no laterally
extended crown and branches. This
characteristic makes them fairly
windfirm, despite their limited root
systems.

Based on these observations, the
following preventive measures are
recommended to forest managers in
hurricane-risk areas:

1. Keep a balanced mixture of size
-and age classes to prevent a
complete loss. Young trees are
rarely damaged, because they
tend to bend with the wind; old
trees tend to break or uproot.

2. Where feasible, stagger thin-
nings to limit exposure of the
recently thinned areas. (During
Hurricane Camille, recently
thinned stands of pine with
little taper were severely
broken, while open stands and
stands thinned several years
earlier suffered less damage.)
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3. Manage for well-spaced, thrifty
trees and, as much as possible,
develop a spread of age classes
to distribute the risk of wind
damage.

4. Consider planting longleaf pine
in deep sandy soils, because
longleaf has a deep taproot.

5. When planting slash and loblolly,
use an 8- by 8-foot or wider
spacing.

Winds often carry saltwater inland for
a considerable distance. The leaves on
trees saturated with saltwater turn
brown and give the appearance of being
burned. Most of these trees will not
die and should not be cut. See Table 2
for resistance among tree species. The
trees may lose their leaves and some
growth, but most of them will grow new
leaves and recover. Check trees
closely in the spring after salt damage
for adequate recovery or possible bark
beetle attack. Trees should be har-
vested if they have been attacked by
bark beetles or if they have not put on
new growth in the first full growing
season after the damage occurred.

Reprinted from USDA Forest Service
Management Bulletin R8-MB 63.



Damage to Forests

IMPACT OF HURRICANE HUGO ON
THE SOUTH CAROLINA COASTAL PLAIN FOREST

Donal D. Hook!, Marilyn A. Buford?, and Thomas M. Williams®

Abstract--The impact of Hurricane Hugo on the Coastal
Plain forest is described using data from two experi-
mental forests. The Santee Experimental Forest experi-
enced the full force of the eyewall, sustaining extreme
wind damage. On Hobcaw Forest, northeast of the area
impacted by the eyewall, major damage was done by salt
with some wind damage. The largest and tallest trees of
all species were more severely damaged than were smaller
trees. Within the area impacted by the eyewall, 89% of
the longleaf pine trees, 91% of the loblolly pine trees,
and 86% of the bottomland hardwood trees were broken or
uprooted. oOutside the area of the eyewall, 17% of the
longleaf pine, 52% of the loblolly pine and 20% of the
bottomland hardwoods were broken or uprooted. Species
differences in wind resistance were apparent outside the
area affected by the eyewall.

INTRODUCTION

Hurricane Hugo came ashore across
Sullivan’s Island, South Carolina, at
midnight EDST, September 21, 1989.
When the storm made landfall, it was
considered a Category 4 on the saffir/
Simpson scale. At the coast near
Bulls Bay, estimated maximum sustained
surface winds were 54 meters per
second (ms™') (121 miles per hour
(mh')) with possible extreme gusts to
66 ms™' (147 mh™'). The eye of the
storm was approximately 50 km in
diameter with the eyewall affecting an
area approximately 100 km wide'. The
center of the hurricane followed the
path indicated in Figure 1, inflicting
timber and property damage across 23
of South Carolina’s 46 counties.

Seven counties experienced extensive
timber damage, 3 experienced moderate
timber damage, and 13 counties
suffered light timber damage. The
storm was down-graded to tropical
storm status after passing Charlotte,
North Carolina, six hours after
landfall, and ultimately crossed the
Canada-United States border at Erie,
Pennsylvania, 17 hours after landfall.

In South Carolina, approximately 1.8
million ha of forest land were damaged
by wind and water. In comparison, the
eruption of Mount St. Helens affected
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60,750 ha and the Yellowstone fires of
1988 burned approximately 400,000 ha
(Figure 2a,b). The amount of dead and
downed wood is three times the annual
harvest in the state. An estimated
32.3 million cubic meters (6.7 billion
board feet (bf)°) of sawtimber was
damaged or destroyed. This is enough
wood to build approximately 660,000
average homes; enough to house almost
the entire population of West Virginia
or the city of Philadelphia (South
Carolina Forestry Commission 1989). 1In
comparison, the total harvest of lumber
in the northern coastal plain of South

! Center for Forested Wetlands
Research, Clemson University, 2730
Savannah Highway, Charleston, SC 29414
? Center for Forested Wetlands

Research, USDA Forest Service,

2730 savannah Highway, Charleston, SC
29414

> Belle W. Baruch Forest Science
Institute, Clemson University, P.O. Box
596, Georgetown, SC 29440

¢ powell, M.D.; Dodge, P.; Black, M.
1990. The landfall of Hurricane Hugo in
the Carolinas. In preparation for
Weather and Forecasting.

* A board foot (bf) is equivalent to a
plank 1 inch thick and 12 inches
square.
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Figure 1--Map of South Carolina showing the path of Hurricane Hugo, the area
impacted by it, and the locations of the Santee Experimental Forest and the
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Figure 2a--Map of South Carolina showing the area impacted by Hurricane Hugo
with the area impacted by the eruption of Mount St. Helens superimposed.
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Figure 2b--Map of South Carolina showing the area impacted by Hurricane Hugo
with the area impacted by the 1988 Yellowstone fires superimposed.

Carolina during the 20-year peak
exploitation period 1909-1929, was
approximately 30.8 million m*® (6.4
billion bf)¢. As of this writing,
intensive efforts have resulted in the
salvage of 39% of the pine and 3.7% of
the hardwood downed or damaged by the
hurricane in South Carolina.

The center of the eye passed within 8
km of the 101,000 ha Francis Marion
National Forest (FMNF). Nearly the
entire FMNF was affected by the winds
of the eyewall. Most of the wind
damage in a hurricane occurs as a
result of short duration gusts (2-4
second), either the typical gusts
associated with turbulence or the
extreme gusts associated with the
downdrafts from intense thunderstorms,
most of which form in the eyewall and
outer rainbands’.

Throughout the region of severe
damage, the sites of the extreme gusts
described above are marked by areas
0.25 ha to 7 ha in size where every
tree was broken or uprooted. These
spots of total destruction extended
inland for more than 150 km.

The Santee Experimental Forest
(Santee) is located approximately 40
km from the ccast, on the west side of
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the FMNF®. Hobcaw Forest (Hobcaw) is
approximately 90 km northeast of
Charleston, near Georgetown, SC,
positioned along the coast and immedi-
ately to the west of the North Inlet
salt marsh (Figure 1)°. The Santee and
Hobcaw are sites of intensive forest
research and offer a unique opportunity
to examine the effects of a severe
hurricane on the Coastal Plain forest.
This paper describes the effect of a
severe hurricane on the Atlantic
Coastal Plain forest with specific
examples from these two experimental
forests.

¢ Reference to timber harvest of
1909-1929.

7 powell and others. The landfall of
Hurricane Hugo in the Carolinas.

8 The Santee Experimental Forest is
administered by the Southeastern Forest
Experiment Station, Forest Service.
United States Department of Agricul-
ture, and serves as the primary outdoor
laboratory for the Center for Forested
Wetlands Research, Charleston, South
Carolina.

® The Belle Baruch Forest Institute is
managed by Clemson University and
serves as an outdoor teaching and
laboratory facility for all facets of
forest environment research.




SANTEE EXPERIMENTAL FOREST
Land Use History and

Description

During the eighteenth and nineteenth
centuries, the area that is currently
the Santee Experimental Forest con-
tained parts of seven major planta-
tions. Rice was the main money crop
and the attendant diking structures
and canals are still clearly evident
on all the main creek bottoms on the
forest. The remains of numerous tar
kilns on the forest provide evidence
of the extent of longleaf pine (Pinus
palustris) and the importance of the
naval stores industry which peaked
between 1850 and 1880 (Frothingham and
Nelson, 1944). Intensive timber
removal began in the 1890's with the
development of steam power, and con-
tinued for a period of 30 to 40 years
throughout South Carolina and the
southern forests. After the coastal
forests were cut over, much of the
land was abandoned or sold very
cheaply. The U.S. Government pur-
chased approximately 100,000 ha and
President Franklin P. Roosevelt
established the Francis Marion
National Forest in 1936. In 1937,
2000 ha were set aside as the Santee
Experimental Forest. The area was
enlarged to its present 2452 ha in
1946.

In the 53 years prior to Hugo, 190
short- and long-term studies were
conducted on the forest and over 400
articles were published on the
results. Major research areas were
prescribed burning, regeneration and
management of bottomland hardwoods,
natural regeneration of pine stands,
coastal watersheds, and threatened and
endangered species (red-cockaded
woodpecker, in particular).

The soils of the Santee are primarily
Alfisols and Ultisols with drainage
ranging from very poorly to moderately
well drained, and surface textures
range from sandy loam to clay. The
Alfisols generally occur in the drains
and depressions and the Ultisols gen-
erally occur on the higher topographic
positions.

The Santee is a mosaic of Atlantic
Coastal Plain forest types. The
forest types present on the Santee
Experimental Forest are: (1) mixed
pine-hardwood-~-typically a mix of
loblolly pine (P. taeda), sweetgum
(Liquidambar styraciflua), southern
red oak (Quercus falcata), white oak
(0. alba), and red maple (Acer
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rubrum); (2) loblolly pine--often has a
midstory or understory of sweetgum, red
maple, and willow oak (Q. phellos); (3)
longleaf pine (P. palustris)--often has
an understory of turkey oak (0. laevis)
or blackjack ocak (Q. marilandica); (4)
mixed loblolly pine-longleaf pine; (5)
upland hardwoods--white oak, southern
red oak, and black ocak (Q. velutina);
(6) bottomland hardwoods--cherrybark
oak (Q. falcata var. pagodaefolia),
swamp chestnut oak (Q. michauxii),
sweetgum, red maple, Water oak (Q.
nigra), willow oak, green ash (Fraxinus
pennsylvanica), yellow-poplar
(Liriodendron tulipifera), Shumard oak
(Q. shumardii), black gum (Nyssa
sylvatica), and laurel oak (0.
laurifolia); and (7) creek swamp--
baldcypress (Taxodium distichum) and
water tupelo (N. aquatica). The area
of each forest type is given in Table
1.

Table l1--Area by forest type on the
Santee Experimental Forest and Hobcaw
Forest.

Area (ha)
Santee

Experimental Hobcaw

Forest Type Forest Forest
Mixed pine-hardwood 1017 635
Loblolly pine 702 840
Longleaf pine 46 629
Loblolly longleaf 195 407
Upland hardwoods 312 41
Bottomland hardwoods 152 307
Creek swamp 28 141

Damage

In the path of the eyewall, the Santee
suffered extreme wind damage. Over 80%
of the trees were destroyed and nine
long-term studies accounting for 221
research years were prematurely termin-
ated by the storm’s passage. Prior to
the hurricane, the volume of wood on an
average ha in the experimental forest
was 178 m* (15,000 bf/acre). Current
estimates are that less than 24 m’/ha
(2000 bf/acre) were left standing after
the storm (Photo 1). Table 2, based on
a survey incomplete as of this writing,
gives the proportion of each species in
each of 7 condition classes: (1) no
apparent damage, (2) broken stem
(broken below the base of the live
crown), (3) broken top (broken above
the base of the live crown), (4)
leaning more than 45°, (5) leaning
30-45°, (6) leaning 5-30°, and (7)
uprooted. The results in Table 2 are
based on a survey of 137 trees from



Photo l--Devastation of an 85-year-old loblolly pine (Pinus taeda) stand
resulting from Hurricane Hugo on the Santee Experimental Forest in South

Carolina.

Table 2--Proportion of each species in each condition class.

Condition Class

Species No Damage Broken Stem Broken Top Lean 245° Lean 30-45° Lean 5-30° Uprooted
Ash 80.0 0.0 0.0 0.0 0.0 20.0 0.0
Elm 100.0 0.0 0.0 0.0 0.0 0.0 0.0
Hickory 0.0 0.0 0.0 0.0 100.0 0.0 0.0
Ironwood 0.0 0.0 100.0 0.0 0.0 0.0 0.0
Laurel oak 0.0 0.0 0.0 100.0 0.0 0.0 0.0
Loblolly pine 22.2 44.4 22.2 0.0 0.0 11.1 0.0
Red maple 13.6 6.0 9.1 36.4 22.7 18.2 0.0
Red oak? 35.0 0.0 0.0 0.0 45.0 15.0 5.0
Sweetgum 54.7 10.9 6.3 7.8 15.6 4.7 0.0
White oak 0.0 0.0 0.0 0.0 0.0 100.0 0.0
Yellow poplar 16.7 33.3 0.0 0.0 0.0 0.0 50.0

* Cherrybark oak and Shumard oak.

12.7 to 50.8 cm dbh, and do not con-
tain the larger size classes of any of
the species. The larger size classes
of all species suffered greater damage
than did trees in the smaller size
classes.

Using aerial photographs taken from an
altitude of approximately 457 m, stem
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counts in mature stands were made to
determine the proportion of loblolly
pine, longleaf pine and bottomland
hardwoods that were apparently
undamaged, broken, and uprooted.

The results are given in Figure 3.

In these 80- to 110-year-old stands,
this represents severe damage to
approximately 124 of 166, 128 of 141,




6253 Broken
3 Uprooted
Z3A Standing

60

Percent of stems
-~
S
A

N
(=3
L

Hardwoods

Figure 3--Percentage of longleaf pine,
loblolly pine, and bottomland hardwood
stems on the Santee Experimental
Forest that were uprooted, broken, and
standing after Hurricane Hugo.

and 67 of 77 trees/ha in the bottom-
land hardwood, loblolly pine, and
longleaf pine groups, respectively.

In general, the tallest and largest
(dominant) trees experienced the most
severe damage. Those suffering less
damage were primarily in the midstory
and not in the dominant canopy.
Loblolly pine suffered the greatest
amount of stem and top breakage.
Shumard oak, cherrybark oak, and
yellow poplar are relatively large-
crowned and shallow-rooted and did not
lose their foliage in the wind. These
combined factors contributed to the
large number of uprooted stems of
these species (Photo 2).

HOBCAW FOREST

Land Use History and
Description

The Hobcaw Forest contained parts of
13 plantations during the eighteenth
and nineteenth centuries. As with the
santee during this time period, rice
was a major crop and evidence of its
culture is still apparent. The Hobcaw
forest was purchased in 1905 by
Barnard M. Baruch and, because it was
maintained as a hunting preserve and
winter retreat, it was not heavily
logged during the early twentieth
century. The property was willed to
the colleges and universities of South
Carolina by Belle W. Baruch in the
1960's to be used for research and
education in forestry, wildlife, and
marine biology.
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Research efforts on the Hobcaw Forest
began in the late 1960's and since that
time have focused primarily on insects,
wildlife, vegetation, hydrology, and
forest regeneration techniques. Major
research efforts have been made on the
ecology and management of feral hogs,
red-cockaded woodpeckers, fox
squirrels, and songbirds. In addition,
an important effort quantifying the
hydrologic inputs from a managed
coastal forest into the relatively
undisturbed North Inlet estuary has
been undertaken.

The Hobcaw Forest is 3000 ha in size,
and is primarily an old coastal pine
forest. Pine and pine-hardwood stands
occur on 2511 ha and contained 126,000
m®* (26.1 million bf) of pine sawtimber
and 35,900 m® (18,000 cords) of pulp-
wood based on a 1986 inventory. Hard-
wood stands occur on 489 ha and con-
tained 15,000 m® (3.1 million bf) of
hardwood sawtimber and 31,500 m’
(15,800 cords) of pulpwood in 1986.
The area in each forest type is given
in Table 1 and the type descriptions
are essentially those given for the
Santee Experimental Forest.

Soils on the forest have developed on
sandy former beach ridge topography.
Ridges are predominantly Leon (Aeric
Haplaquods) and Centenary (Grossarenic
Entic Haplohumods) and intermediate
swales are primarily Lynn Haven (Typic
Haplaquods) and Rutledge (Typic
Humaquepts).

Wind Damage

Preliminary estimates of losses due to
wind damage were 19,900 m® (3.9 million
bf) of pine sawtimber (10.9%), 1365 m’
(684 cords) of pine pulpwood (4.5%),
4650 m* (912 thousand bf) of hardwood
sawtimber (25.9%), and 15,130 m® (7576
cords) of hardwood pulpwood (39%).

Wind damage was evaluated on the ground
by 0.1 hectare strip plots located in
each stand less than 20 ha and two
plots in each stand over 20 ha for a
total of 355 plots. 1In each plot all
trees over 10 cm dbh (diameter at
breast height--1.37 m above the soil
surface) were tallied by species,
diameter and one of eight damage codes:
(1) undamaged, (2) defoliated, (3)
bent, (4) branches broken, (5) top
broken, (6) stem broken, (7) uprooted-
leaning, and (8) uprooted-on the
ground. Trees in the "stem broken"
category have the main stem broken
between the ground and the first limb.
Those in the "top broken" category have




Photo 2--The remains of a red-cockaded woodpecker (Picoides borealis) colony
site in a 100-year-old longleaf pine (Pinus palustris) stand on the Francis
Marion National Forest in South Carolina after Hurricane Hugo.

the main stem broken between the first
limb and the terminal shoot.
Uprooted-leaning trees were uprooted
but fell into another tree and did not
reach the ground. Uprooted-on the
ground trees were uprooted and fell
all the way to the ground.

The ground survey was incomplete at
the time of writing, but 119 plots
were compiled to give preliminary
indications of wind damage. The
number of trees tallied in each
species was proportional to the
relative abundance of the species on
the forest. Of the 4380 trees
tallied, 2490 were loblolly pine, 520
were longleaf pine, 440 were sweetgum,
330 were laurel oak, 300 were black
gum, 155 were water ocak, 116 were live
oak (Q. virginiana), 64 were southern
red oak and 60 were cypress.

With the exception of longleaf pine,
the resistance to wind damage, by

species, was found to be similar to
the general list of wind resistance

found in Barry and others (1982). The
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proportion of stems undamaged ranged
from highs of 73% in longleaf pine, 51%
in live oak and 48% in loblolly pine to
a low of 15% in water oak and 24% and
26% in southern red and laurel oak,
respectively. Alternatively, the
portion of broken or uprooted stems
varied from a low of 0 in live cak and
cypress to highs of 22% in water oak
and 18% in southern red and laurel oak.

Tree species could be grouped by the
mechanisms of resistance to wind
damage. Live oaks have very strong
wood and large spreading crowns.. Limbs
were broken on 34% of the stems and
tops were broken on 7% of the stems.
Average diameters of stems with broken
limbs (33.8 cm) and broken tops (37.5
cm) were much larger than undamaged
trees (22.1 cm). Defoliation was most
common in cypress and black gum.

Fifty percent of the cypress and 64% of
the black gum were defoliated. No
cypress and only 2.3% of black gum were
uprooted or broken. Average diameters
of black gum with broken tops and stems




was 42 cm compared to 28 cm for
defoliated stems and 31 cm for
undamaged stems.

Three species of ocak with tall growth
form (water, laurel, and southern red)
were the most severely damaged. For
all three species more than 75% of all
stems were damaged. Six percent of
each species had stems broken but
water oak (which usually grows on more
poorly drained soils) had 18% uprooted
compared to 12% for the other two
species. Average diameters of
undamaged trees were smaller than
those of damaged trees. For example,
undamaged water oak, laurel ocak, and
southern red oak had mean diameters of
13.8 cm, 15.8 cm, and 17.3 cm, respec-
tively, while uprooted and broken
stems of water oak, laurel oak, and
southern red ocak had mean diameters of
22 cm, 25 cm, and 35 cm, respectively.

Longleaf pine resistance was better
than would be expected from its rank
in the list included in Barry and
others (1982). Seventy three percent
of all stems were undamaged and only
5.2% were broken and uprooted.
Undamaged stems averaged 29 cm in
diameter while broken and uprooted
trees averaged 39 cm in diameter.
These results may be due to the
unusual condition of longleaf pine on
the forest. All stands of longleaf
are over 70 years old. All but a few
of these stands were cut in the 1950's
and 1960’s and had residual basal
areas of 9 to 18 m?/ha (40 to 80
ft?/acre) when the hurricane struck
(Williams and Lipscomb, 1989). The
longleaf pine trees on Hobcaw forest
had been growing in open stands for 30
to 40 years prior to the hurricane.

Only 48% of loblolly pine stems were
undamaged and those stems averaged
16.4 cm in diameter. Eight percent of
all loblolly stems were broken and
uprooted and those were twice as
large, averaging 32 cm in diameter.
Loblolly pine was the only species
that had enough stems to examine
damage in each diameter class.
Undamaged stems decrease progressively
from 60% of all stems in the 10-20 cm
class to <25% in the 50-60 cm class.
Conversely, the uprooted and broken
stems increase from <5% in the 10-20
cm class to 30% in the 50-60 cm class.

Spatial distribution of wind damage to
the forest has been evaluated with
large scale (1:6000 rf) aerial
photographs taken on October 12th.
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Under 8x magnification, individual
broken and uprooted trees can be
identified on these photographs. Each
of the forest stands was classed as
lightly, moderately, or heavily damaged
as determined by the portion of the
stems in that stand identified on the
photographs as broken or uprooted.
Heavy damage was restricted mainly to
poorly drained bottomland hardwood and
pine-hardwood stands and to pine stands
that had been thinned within the last
three years. Light damage was found in
cypress ponds and closed canopy pine
stands.

Tidal Surge Damage

Although wind damage was widespread,
major damage was also done by salt,
both windblown and carried by a storm
surge approximately 3 meters above sea
level. The hurricane struck the coast
near the time of high tide. Most
instruments on the eastern side of the
forest were destroyed by the surge, but
two water level recorders on shallow
groundwater wells recorded elevations
of the surge until floats emerged from
the well tops. From the records and
elevations of these two recorders it
can be established the tide was from
3.0 to 3.2 meters above sea level from
2330 on September 21, 1989 to 0130 on
September 22.

Mortality due to salt water infiltra-
tion from the storm surge accounted for
a loss of 22,200 m® (4.6 million bf) of
pine sawtimber (13%), 11,400 m’ (5700
cords) of pine pulpwood (33%), 1050 m’
(226 thousand bf) of hardwood sawtimber
(6.4%) and 4200 m’ (2100 cords) of
hardwood pulpwood (10.7%). Tree
mortality became apparent in early
December. Mortality was most
pronounced in closed depressions

and along either side of drainages near
the southern end of the forest. Wet
weather prior to the hurricane limited
the amount of salt water that directly
infiltrated during tidal inundation.
The records from the operating wells
with water level recorders and charts
recovered from those made inoperative
show that the water table in the
aquifer was near the surface in all the
depressions and within a meter of the
surface at the top of the ridges. Both
the limited opportunity for immediate
infiltration and the pattern of tree
mortality suggest that infiltration of
trapped water after the storm was the
main mechanism of mortality. Along the
southern end of the forest, ridges and
swales of the relic beach ridge topog-
raphy are pronounced. A series of




north-south ridges extend from the
western side of the salt marsh. Ridge
tops are about 300 meters apart and
are separated by swales about 50
meters wide and 1 to 1.5 meters below
the adjacent ridges. Each ridge is
about 1 meter higher in elevation than
the ridge to its east. The surge
covered three ridges on the southern
end of the forest. As the surge
receded each ridge drained rapidly to
the east. However, water within the
swales was blocked by the next ridge
to the east and drained slowly to the
south in channels clogged with
uprooted trees.

In December, groundwater conductivity
was measured on three transects of
piezometers across a ridge swale
watershed in the area covered with
salt water. Conductivity in ground-
water beneath the swale ranged from 10
to 15 millimhos/cm while along the
eastern ridge values of 3-5 millimhos/
cm were recorded. Franscois (1980)
found many pine species could not
survive when conductivity of soil
water exceeded 5 millimhos/cm and very
few plants could tolerate values
higher than 10. On this one watershed
the pattern of high salinity ground-
water and tree mortality were similar.

FUTURE PROBLEMS

The greatest risks to the remaining
trees are fire and insect attack.
Normal amounts of fuel in the coastal
plain forest are approximately 4-16
metric tons/ha. In the wake of the
hurricane, fuel loads are in excess of
135 metric tons/ha’®, greatly increas-
ing both the danger of a large fire
and the difficulty of suppression.

Surveys of the FMNF show that insect
infestation of the down and damaged
trees is occurring. Table 3 shows the
extent of infestation by 3 southern
species of Ips. spp. bark beetles.
Southern pine beetles (Dendroctonus
frontalis) are beginning to be found
in insect traps in the impacted area'.
Attacks of these insects are fatal.

On the area of Hobcaw Forest impacted
by the storm surge, large numbers of
trees not killed by salt intrusion are
now dying from attacks by southern
pine beetle and Ips.

SUMMARY

Within the eyewall, where winds were
43 to 66 ms"!, there was little
difference between the wind resistance
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Table 3--Ips. spp. bark beetle activity
on the Francis Marion National Forest
as of mid-April, 1990.*

Tree Damage Categor
Sreen  Broken goIe, Top Wwind-

Trees Tops Removed thrown
Number trees sampled (4] 52 45 23
Number infested trees [+] 52 42 23
Percent infested 0 100 93 100

* Trip report on bark beetle and other pest activity in
Hugo damaged timber, Francis Marion National Forest,
South Carolina. Patrick J. Barry, State and Private
Forestry. May 18, 1990.

loblolly pine, and
91%,

of longleaf pine,
bottomland hardwoods, with 89%,
and 86% of the trees broken or
uprooted, respectively. However, on
Hobcaw Forest, about 100 km from the
center of the eye, 73% of the longleaf
pine was undamaged, 48% of loblolly
pine was undamaged and 80% of the
bottomland hardwoods were undamaged.
Species resistance to wind damage was
not meaningful within the area impacted
by the eyewall of this Category 4
hurricane. Outside of the eyewall,
however, species resistance to wind
damage greatly affects the composition
of the remaining forest.
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ASSESSMENT OF HURRICANE DAMAGE TO
THE SANTEE EXPERIMENTAL FOREST AND
THE FRANCIS MARION NATIONAL FOREST WITH
A GEOGRAPHIC INFORMATION SYSTEM

Lawrence E. Nix, Donal D. Hook,
James G. Williams, and Donald Van Blaricom!

INTRODUCTION

The Santee Experimental Forest (SEF)
experienced the full force of the
eyewall of Hurricane Hugo and sus-
tained extreme wind damage (Hook and
others 1991). Preliminary estimates
indicate that 80 percent of the trees
on the experimental forest were blown
down or damaged to the extent that
they will not recover. Aerial photo-
graphs made immediately after the
storm and subsequent measurements on a
few plots show that the tallest and
largest (dominant) trees were damaged
most. Those trees in the midstory and
young regeneration suffered less
damage. Loblolly pine (Pinus taeda)
appeared to suffer the greatest amount
of stem and top breakage of any
species on the forest. 1In contrast,
losses of large-crowned hardwood
species, such as Shumard oak (Quercus
shumardii), cherrybark oak (Q.
pagoda), and yellow poplar
(Liriodendron tulipifera), were
primarily due to uprooting.

Although reports are available on
hurricane damage for other regions of
the East and South, very little is
available for the Carolinas. Further-
more, Hurricane Hugo was a category 4
storm and affected a larger area and
downed more timber than any previous
natural catastrophe in the U.S. (Hook
and others 1991). Thus, a unique
opportunity exists to study the effect
of a major storm on the forests of
this region and help unravel the role

!Associate Professor, Professor, and
Coordinator of Planning and Research,
respectively, Department of Forest
Resources, and Research Associate,
Strom Thurmond Institute, Clemson
University, Clemson, SC 29634.
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that hurricanes play in shaping the
forests of this region.

Geographic Information Systems (GIS)
were not available to help assess past
hurricane damage. However, the newly
acquired GIS of the Francis Marion
National Forest (FMNF) proved to be
helpful in making management decisions
on Hugo recovery actions on the forest
(Rivenbark 1990). Research has not
fully explored the role that GIS can
play in assessing damage, analyzing
management choices, and evaluating the
impact of hurricanes on the ecology of
coastal forests (Mead and others 1990).
This study attempted to determine the
ability of GIS to analyze relationships
between or among site, stand, manage-
ment conditions, and approximate wind
velocities as they related to damage
classes on the SEF and FMNF. Since
considerable historical and scientific
data were available for many sites on
the SEF, there was an opportunity and
need to capitalize on this information
to determine how prior site and stand
characteristics influenced the level of
hurricane damage to specific forest
types.

This study was limited to the SEF and
selected forest types on the FMNF.
Existing information on stand charac-
teristics, species, soils, hydrology,
and past management activity was used
to determine if they were related to
stand damage classes within the eyewall
and progressively away from the eyewall
to the northeast on the FMNF. This
information allowed us to evaluate, in
an indirect way, the factors that
played significant roles in predis-
posing the forest to hurricane damage
in relation to wind forces. Near the
center of the eyewall, there was almost
total destruction of all age classes.




Influence of individual stand condi-
tions and soil/site differences
appeared to be expressed as the
distance from the eyewall increased to
the northeast and wind speed
decreased. The purpose of this study
was to determine if GIS technology
could effectively ferret out soil
characteristics, prior stand condi-
tions, hydrology, and prior management
activities that influence the resis-
tance of coastal forests to hurricane
damage.

MATERIALS AND METHODS

Low level aerial photographs of the
SEF were taken and delineated for
cover type, size and density by pri-
vate contractor. This photography and
its interpretation were used to help
build a GIS database for the SEF.
Pre-Hugo aerial photo stand delinea-
tions were digitized in Arc/Info®, a
vector-based GIS software and, along
with the USDA soils and the USDI
National Wetlands Inventory maps, were
overlaid with post-Hugo aerial photo-
delineations. An improved wetlands
map was created by GIS overlay of
digitized color-infrared aerial photos
with a Global Positioning System
(GPS)~-augmented, field-corrected
wetlands map, which was then "rubber-
sheeted"” to conform to the compartment
and hydrology base maps. Photo
delineation of pre- and post-Hugo
stands, photo estimation of stand
density and product size classes and
regression prediction of number of
trees and basal area per acre, and
timber volumes, done under separate
contract, were used to develop a GIS
database of stand damage based on
difference in pre- and post-Hugo stand
condition. GIS was used to evaluate
the pre~ and post-Hugo aerial photo
stand cover type delineation. Once
the wetlands had been delineated,
overlaid and mapped, the data were
entered into the existing GIS database
for the SEF and used for analytical
purposes to evaluate soil, stand, and
previous management influence on
hurricane damage. The GIS software,
Arc/Info®, was used in conjunction
with existing data on stands, soils,
hydrology, prior management activities
and wind speed to assess the follow-
ing:

1. spatial distribution of stand
damage in relation to physical
and chemical soil characteris-
tics of delineated and mapped
wetland landscapes on the SEF.
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2. species and stand characteris-
tics that predispose stands to
hurricane damage along a wind
gradient on the FMNF.

3. effect of prior stand management/
condition on hurricane damage.

Specifically, for the SEF, stand,
soils, wetlands, and hurricane wind
field maps of the SEF were digitized
into Arc/Info® and overlaid such that a
large database (4500 entries) was
created of the spatial coincidences of
these factors. A revised, small-scale
wind field map of Hugo on South
Carolina, created from aerial damage
surveys by T. Fujita of the University
of Chicago (Powell and others 1991),
was provided by the U.S. Forest Service
Laboratory in Charleston, SC. Soils
information and series polygons were
digitized from USDA Soil Conservation
Service county soil maps of the study
area. In addition, compartment maps of
an on-the-ground, post-Hugo damage
assessment of the SEF, also provided by
the Charleston Laboratory, were point-
digitized into the Arc/Info® database.
This assessment was an extensive ground
sample consisting of 0.1 acre plots
done along transects on approximately 3
X 5 chain (66 feet) grids resulting in
a theoretical digitized resolution of
1.5 acres. Thiessen Polygon Logic was
used with Arc/Info® to convert the
ground points (plot centers) to a
"cover type" polygon map equivalent to
a "stand" map. We felt that this gave
a better resolution, damage assessment
and stand coverage than the post-Hugo
photo delineations by the contractor.

Stand damage was based on loss in basal
area (difference in pre- and post-Hugo)
as derived from the ground sample plots
and separated into three classes of
damage, light, medium and heavy. Rela-
tionship of the variables was examined
by correlation analysis to provide a
preliminary evaluation of the influence
of predisposing site, stand, and wind
speed factors. Stand variables exam-
ined were cover type, product size,
basal area, and stand condition includ-
ing density and size of trees (USDA
Forest Service 1988). Soil variables
used were standard soil series charac-
teristics, e.g., surface texture and
thickness, drainage class, depth to
mottling, hydricity, and flooding
propensity, frequency and duration.
Wind speeds were spatially interpolated
directly from the digitized wind field
map using a 5th order polynomial in
TIN®, an Arc/Info® module. These




interpolated wind speed values were
assigned to the existing soils poly-
gons in which they were located.

There was little variation in wind
speeds on the SEF, most exceeded 100
miles per hour (mph). Also, resolu-
tion of the small-scale wind field map
was low, approximately % 10 chains.

Subsequent to this analysis of the SEF
damage, we received an extensive
Arc/Info® digital data set of the FMNF
from the South Carolina National
Forest Management Headquarters in
Columbia. This data set was very
large, producing 27,000 samples after
overlaying the stand and soils maps
with the interpolated wind speeds
across the Witherbee and Wambaw
Districts of the FMNF. Much of the
same data as obtained for the SEF was
included in the FMNF database, except
that it was already digitized and
polygonized into stand format with
soil polygons within the stands.
data set had already been assigned
stand damage classes based on differ-
ences in pre~ and post-Hugo trees and
basal area per acre. Only the pine
cover types, mainly loblolly and long-
leaf (P. palustris) pine, and the
poletimber and sawtimber size stands
had been examined and assigned a
damage class. Removal of all non-pine
stand samples from the data set left
about 15,000 samples. Again, a
preliminary correlation analysis of
the data was performed to evaluate
variable performance and rogue
nonessential variables.

This

Examination of the data revealed that
there were many multiples of the same
damage and stand condition class with
different soil and wind speed values,
thus, greatly diluting the influence
of these variables on damage class.

We consolidated all variables at the
stand level, averaging continuous
variables (soil surface thickness,
depth to mottling, wind speed, etc.)
and taking the mode of discontinuous
variables (drainage class, texture,
flooding frequency, etc.). These
steps resulted in about 11,000 samples
remaining, which were now simple stand
polygons, with single values for all
variables to be used in the analysis.
The consolidation also more closely
matched the resolution of the wind
speed data.

Discriminant Data Analysis
The first step in the data analysis
consisted of some minor editing

and simple statistics. Means,
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correlations, and other summary statis-
tics were run by damage classes, by
forest types, by soil/site variables,
wind speed and stand conditions (SAsS
1989). We determined that discriminant
analysis would be the appropriate
method by which to characterize the
damage classes (Afifi and Cclark 1990,
SAS 1989). By using the initial
summary statistics and stepwise
discriminant analysis, the following
variables were selected for development
of the discriminant function:

Stand condition (STCN)

Soil surface texture (SURFTEX)

Soil surface thickness (SURFTHK)

Soil depth to mottling (DEPMOT)

Ratio of soil surface thickness
to depth to mottling
(THKMOT = SURFTHK/DEPMOT).

The data set was stratified by wind
speed into three wind speed classes and
a separate discriminant function
developed for each class. The wind
speed classes are as follows: low =
77-91 mph; medium = 92-105 mph; high =
106-120 mph.

It was very difficult to discriminate
between the light and medium damage
classes on the FMNF using the available
data. Accuracies of classification
ranged from 61 to 69 percent when all
three damage classes were used. The
heavy damage class was always classi-
fied with accuracies greater than 90
percent, but the light and medium
damage class accuracies were no more
than 50 percent. Since the Wambaw
District stands had not been assigned a
medium damage class, pooling the light
and medium damage classes resulted in
considerable improvement in the
accuracy of classification between a
"heavy damage"” class and a "light
damage" class.

The FMNF data set was divided into two
parts, one for fitting the discriminant
function and the other for cross-
validation of the resulting model
(Afifi and Clark 1990). Separate
discriminant functions were then
developed for each wind speed class
and checked for accuracy. 1In cross-
validation the discriminant function
is computed for a set of samples, then
used to classify a different set of
samples to estimate the proportion of
samples correctly classified. The
FMNF data were divided by extracting
every other sample, resulting in about
5,000 samples each in the two new data
sets, one to be used to develop the




discriminant function, the other for
cross validation.

RESULTS

Santee Experimental Forest

A GIS database was developed in
Arc/Info® for the SEF and its forested
wetlands and conveyed to the Forestry
Sciences Lab in Charleston where one
of the authors assisted in its instal-
lation on the resident Arc/Info®
system. Having GPS-located ground
points available greatly improved the
wetlands mapping process. Pre- and
post-Hugo photo stand delineations
were compared by overlaying in
Arc/Info®. The results indicated that
the contractor had a 20 percent error
or difference between pre- and post-
Hugo aerial photo delineations of
cover types or stands. The error
consisted mostly of post-Hugo delin-
eation of hardwood cover types as pine
cover types, with very few pine stands
being delineated as hardwood on the
post-Hugo photos. Part of this error
resulted from using different delin-
eation criteria with the post-Hugo
photos. The post-Hugo delineations,
which were very difficult to begin
with because of the heavy damage (loss
of overstory), were altered with GIS
overlay to conform to the pre-Hugo
stand/cover type delineations and used
to develop the GIS database of the
SEF. It would have been helpful if
the photo-delineation of post-Hugo
conditions could have been done with
the aid of a GIS-generated, pre-Hugo
overlay to outline the former stands
and note their pre-Hugo cover type.

The ground damage assessment of the
SEF was overlaid onto the stand
coverage and reconciled with the other
sources of spatial information, such
as the USDI Fish and Wildlife Ser-
vices’ NWI wetlands delineation,
resulting in a well-delineated digital
database to spatially analyze.

Results of the initial correlation
analysis, however, indicated no damage
predictive capability of any stand or
soil variable, as correlation coeffi-
cients were all less than 0.14. Step-
wise regression analysis produced
R-square values less than 0.02.
Although disappointing, these results
were not surprising in view of the
extensive, heavy damage that occurred
throughout the SEF. Wind speeds were
at eyewall velocities (z 105 mph)
throughout the SEF after Hugo's
landfall (Hook and others 1991), and
probably overwhelmed any inherent
resistance to damage.
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Francis Marion National Forest
Initial results of correlation analy-
sis of the GIS-overlaid data from the
Witherbee and Wambaw Districts of the
FMNF were encouraging. At least one
variable, stand condition class, a
Forest Service characterization of the
size and density of the trees (USDA
Forest Service 1988), stood out as a
good damage predictor variable. During
stepwise regression analysis, variation
in stand condition accounted for 48
percent of the variation in stand
damage; no other variable accounted for
more than 1 percent of damage varia-
tion. 1Initial stepwise discriminant
analysis (Afifi and Clark 1990, SAS
1989) not only highlighted stand condi-
tion as a good predictor of damage, but
also resulted in 90+ percent accuracy
of predicting high damage. However, no
separation of the light and medium
damage classes was feasible as accura-
cies were 50 percent or less. After
the light and medium damage class
samples were combined into a "light"
damage class, the discriminant func-
tions immediately improved to a 93
percent accuracy.

After further refining the data sets by
stratifying into 3 wind speed classes
and rerunning the stepwise discriminant
analysis, overall classification accu-
racy was 95 percent for the low and
medium wind speeds and 85 percent for
the high wind speed. In addition,
variables other than stand condition,
e.g., soil surface thickness and tex-
ture, and depth to mottling, became
statistically significant contributors
to classification accuracy.

The following discriminant functions
were computed for each wind speed

class. The notation follows Afifi and

Clark (1990).

Wind Discriminant

Speed Function

Class Coefficients

High Z = 1.16246 (STCN) -
0.00427 (SURFTEX) - 0.04389
(SURFTHK) + 0.03250
(DEPMOT) + 0.54477
(THKMOT), C = 9.67983

Med Z = 3.10135 (STCN) -
0.07802 (SURFTEX) - 0.02894
(SURFTHK) + 0.05451
(DEPMOT) + 0.09913
(THKMOT), C = 27.22875

Low %2 = 2.73050 (STCN) +

0.06318 (SURFTEX) + 0.01501
(SURFTHK) + 0.01184
(DEPMOT) + 0.02835
(THKMOT), C = 23.91123




For a new sample stand, the procedure
is to calculate a Z-value for each
wind speed class, compare the Z-value
to C; if 2 is greater than the appro-
priate C then the sample is classified
as "light damage” class, otherwise the
sample is classified as "heavy damage"
class.

The average error rate using the
cross~validation procedure with wind
speed classes was 9.4 percent. Incor-
porating the wind speed classes in the
computation of the discriminant func-
tions resulted in a 3.7 percent
increase in accuracy. The reduced
errors (< 5 percent) in the low and
medium wind speed classes, which
ranged from 77-91 mph and 92-105 mph,
respectively, indicate that, as sus-
pected, at less-than-eyewall veloci-
ties, the soil and site variables
interact with the stand condition to
improve prediction of damage class.
The damage prediction error for the
high wind speed class is nearly 15
percent, which indicates an increasing
potential for a hurricane to overwhelm
the influence of stand, soil and site
variables in resisting damage with
winds exceeding 105 mph. Summary
statistics (Tables 1-3) indicate that
sparse sawtimber was damaged most,
immature poletimber was damaged least
and, of the soil variables, only
surface thickness differed enough to
have influenced stand resistance to
wind damage at all windspeeds.

DISCUSSION

Assessment of forest damage caused by
Hurricane Hugo was greatly facilitated
by the development of an Arc/Info®
GIS~database for the SEF and FMNF.

GIS overlay made it possible to assign
wind speed and soil attributes to
stands and evaluate their effects on
damage resistance. The initial
analysis of the SEF data indicated
that wind speed at or near the eyewall
of the hurricane was so great and
damage so extensive that any inherent
damage resistance features of the SEF
stands, such as prior stand condition,
soil/site variables, or the effect of
small differences in wind speed had
little or no mediating effect on the
destructiveness of the high winds.

The resolution of the database was
sufficient to have detected any rela-
tionship between damage and stand
factors if it existed, as stands and
soil polygon data were at a resolution
of at least t 3 chains (198 feet) and
more likely were closer to the 30
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meter (o 100 feet) resolution of the
digital soils data.

The availability of the existing FMNF
GIS database of stand condition class
and stand damage was very helpful and
initial correlation analysis indicated
that pre-Hugo stand condition was a
strong predictor of resistance to wind
damage. Overlay of scils and wind
speed data made it possible to examine
their effects on wind damage resistance
of stands. Discriminant analysis
resulted in excellent initial predic-
tion of stand resistance to wind damage
(85 percent accuracy). Stand condition
continued to be the best predictor of
stand resistance to hurricane wind
damage (R? = 0.70). Reducing the
damage classes to light and heavy and
adding wind speed classes, improved
overall damage prediction from 87
percent to 92 percent accuracy. As
wind speed increased, damage became
more random, i.e., overall prediction
of damage was less accurate (86
percent) in the high windspeed class.

The average stand condition incurring
heavy damage across all wind speeds was
6.14 or sparse sawtimber (Table 1).
Nearly 90 percent of all heavily
damaged stands were sparse sawtimber
(Table 2). The average stand condition
incurring light damage across all wind
speeds was 10.83 or very close to
immature poletimber (Table 1). Over 80
percent of all lightly damaged stands
were immature poletimber or sawtimber
(Table 3). It is obvious that larger,
more widely-spaced pine sawtimber
stands suffered the most damage from
Hugo among the pine stand condition
classes examined (Figure 1). It is
equally as obvious that smaller, more
closely-spaced pine poletimber stands
were resistant to damage from Hugo’'s
winds (Figure 1). It is probable that
the wedging or lifting effect of the
denser, shorter, immature poletimber-
sized stands deflected the wind force
upward and over them, while the mutual
support of stems at close intervals
provided some degree of protection from
breakage or uprooting. Stem flexi-
bility might also have contributed to
resistance to damage, especially that
of wind breakage.

Some of the soil/site variables might
have differed enough to have caused
some stand wind damage resistance
(Table 1). Soil surface thickness,
depth to mottling, and surface
thickness/depth mottling differ




Table 1. Mean pre-Hugo stand and site variables for wind speeds and damage
classes used in the analysis of pine stand wind damage during Hugo on the
Francis Marion National Forest.!

WINCLS DAMAGE STCN SURFTEX SURFTHK DEPMOT THKMOT

Summary Stats for 1/2 Data Set Used for Fitting Model

High HD 14.1, 13.5

6.1 2.6 1.0
High LT 10.0"" 2.5N8 15.4 14.0N8 1.0N8
Med HD 6.1,, 2.8, 11.8,, 12,70 1.0,,
Med LT 11.2 2.6 15.1 13.0 1.2
Low HD 6.2,, 3.0.¢ 10.1,, 9.8,, 1.2,,
Low LT 11.0 2.8 13.1 12.9 1.3

Summary Stats for 1/2 Data Set Used for Cross-Validation

High HD 6.1,, 2.6, 14.5,, 13.4, 1.0,,
High LT 10.2 2.3 16.4 14.6 1.0
Med HD 6.1,, 2.9,, 11.9,, 12.1, 1.1,
Med LT 11.2 2.6 14.3 13.2 1.1
Low HD 6.2,, 2.8,¢ 10.9,, 11.0,, 1.2,,
Low LT 10.9 2.9 13.0 12.2 1.3

I 8TCN = stand condition class; STCN 6 = sparse sawtimber; STCN 10 =
mature sawtimber; STCN 11 = immature poletimber

NS not significantly different at the .05 level of probability within wind
class

* gignificantly different at the .05 level of probability within wind class

** gignificantly different at the .01 level of probability within wind class

SURFTEX = soil surface texture class; 1-8, sandy through clayey textures

SURFTHK = soil surface thickness; range = 1-50 inches

DEPMOT = soil depth to mottling; range = 3-50 inches

THKMOT = soil surface thickness/depth to mottling; range = 0.05-3.00

Table 2. Distribution of heavily damaged longleaf and loblolly stands among
wind speed and stand condition classes on the Francis Marion National Forest
after Hugo.

Distribution (%)

Wind speed No. Stands Sparse Sparse
Covertype Class Heavily Damaged Poletimber Sawtimber
Longleaf (3,396) High 701 7.8 84.1
Med 127 9.4 88.1
Low 671 0.3 93.9
SUBTOTAL 1499 4.6 88.8
Loblolly (7,446) High 1199 7.0 91.6
Med 1114 2.9 93.7
Low 1191 15.4 79.6
SUBTOTAL 3504 8.5 88.2
Both (10,842) TOTAL 5003 7.3 88.3
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Table 3.

Distribution of lightly damaged longleaf and loblolly stands among

wind speed and stand condition classes on the Francis Marion National Forest

after Hugo.

Digtribution (%)

Wind speed No. Stands Stand Condition Code!

Covertype Class Lightly Damaged 10 11 12 All
Longleaf (3,396) High 553 15 49 31 95
Med 545 5 38 57 90

Low 799 30 20 49 99

SUBTOTAL 1897 18 33 46 95

Loblolly (7,446) High 602 0 52 20 722
Med 1158 7 38 51 96

Low 2182 12 45 39 96

SUBTOTAL 3942 9 44 40 92

Both (10,842) TOTAL 5839 12 40 42 93

! stand condition codes are defined as follows:

#10 - mature sawtimber;

#11 - immature poletimber; #12 - immature sawtimber
? About 28% of the lightly damaged loblolly stands in the high wind class were

in stand condition classes 5 and 6, sparse pole and sawtimber.
explanation for this anomaly has been forthcoming.

Heavy Damage
46%

(5)
Sparse Poles
7.3%

Conditions

(6)
Sparse Sawtimber

Longleaf and Loblolly Pine

(10,842 stands)

Damage Class

(11)
Immature Poles

Light Damage
54%

Stand
Conditions

(12)
Immature Sawtimber

No

(10)

Mature Sawtimber

88.3% 40% 42% 12%
Wind Wind Wind Wind Wind
Speed Speed Speed Speed Speed
Hi Med Lo Hi Med Lo Hi Med Lo Hi Med Lo Hi Med Lo
38% 12% 51% 38% 26% 36% 25% 28% 48% 12% 37% 50% 12% 16% 72%
95.6% 94.0%
Figure 1. Distribution of loblolly and longleaf pine stands among damage and

prior stand conditions after Hugo on the Francis Marion National Forest.
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significantly between the high damage
and low damage classes at low and
medium windspeed (Table 1). Surface
texture, a class variable, should not
be considered in the same light as the
other variables, as the small differ-
ence in values, though statistically
significant, would provide no real
difference in texture of the soil to
contribute wind resistance to the
stand. 1In addition, the small differ-
ence in any of the soil variable means
at the highest windspeed could not
have made any real difference in
damage incurred. However, as much as
2~-3 inches difference in soil surface
thickness and depth to mottling at

low and medium wind speeds may have
actually contributed some wind resis-
tance to the FMNF pine poletimber and
sawtimber stands during Hugo. It is
hoped that, eventually, damage classes
will be assigned to the rest of the
forest cover types on the FMNF so that
a GIS-based assessment of the rela-
tionship between stand, soil, and site
variables can be done for the hardwood
stands, especially the bottomland and
wetland stands.
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HURRICANE HUGO DAMAGE ASSESSMENT OF

BOTTOMLAND HARDWOODS

IN SOUTH CAROLINA

Kenneth Pittman, R. C. Kellison, and Russ Leal

Abstract--0Of the 1.732 million acres of bottomland
hardwoods in the 23-county area affected by Hurricane
Hugo, 1.329 million acres suffered storm damage.
However, the hardwood growing stock on the area was
reduced by only six percent, from 5.1 to 4.8 billion

cubic feet, from immediate mortality.

Delayed mortal-

ity of hardwoods is expected to reduce the growing
stock to an accumulated total of 20 percent which is
comparable to the immediate mortality of softwoods.
Trees of increasing diameter were more subject to

windthrow than those of smaller size.

Trees most

subject to severe damage (windthrow) were the oaks, red

maple, and yellow-poplar.

swamps, were least damaged.

The gums, occupying the
Regardless of species, the

stands most severely damaged were those of medium

stocking; i.e., from 60 to 69 percent stocked.

Recom-

mendations are given for managing the damaged stands.

INTRODUCTION

Hurricane Hugo, packing winds of 135
miles per hour, struck the mainland at
Charleston, SC on September 21, 1989.
Travelling northwestward, it wreaked
havoc to all within its path until it
exited the state at Rock Hill during
the morning hours of September 22
(Figure 1).

Aerial and ground surveys by the South
Carolina State Commission of Forestry
showed there to be major damage to the
forests in a 23-county area within the
path of the storm (Figure 2). The
surveys paved the way for timber
salvage, fire- and pest-control
measures and regeneration planning,
but they did not provide quantitative
data to show how the timber supply
would be affected over the next
several decades. That responsibility
accrued to the Forest Inventory and
Analysis (FIA) Research Work Unit at
the Southeastern Forest Experiment
Station, USDA Forest Service,

! Research Associate, School of

Design, and Professors of Forestry,
College of Forest Resources, North
Carolina State University, Raleigh.
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Asheville, NC. The survey conducted
between February and June 1990 had the
following objectives: (1) determine
the volume of hurricane-related mor-
tality and damage,
merchantable and submerchantable pine
plantations, and (3) quantify needed
stand treatments resulting from the
storm (Sheffield and Thompson 1992).

As the objectives signify and as the
results verify (Sheffield and Thompson

1992), primary interest was on the pine

resource, now and in the future. The
hardwood data were further restricted
because, in the summary results of
Sheffield and Thompson (1992), the
inventory of upland hardwoods was
amalgamated with the bottomland hard-
woods. Enough data exists, however,
for us to quantify needed stand
treatments (objective #3) for the
bottomland hardwoods in the 23-county
area.

METHODS

The post-Hugo (1990) inventory
consisted of revisiting the 2,530
permanent plots in the 23-county area
that had been the basis for the sixth
survey in 1986 of South Carolina’s
forest inventory (Figure 3). Only 730

(2) assess damage to




] 0 (2194)

] 36 (1586)  60-65 ms-1

[ ] 73 (6523)  50-60 ms-1

BEa 109 (30133) 40-50 ms-1

148 (21970) 30-40 ms-1

Z 182 (42194) 25-30 ms-1

- 219 (157098) <25 ms-1

[ ] 255 (7482)  county

Figure l--Peak winds (after Fijita damage directions; Powell, Dodge, and
Black).

Figure 2--South Carolina counties.
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Figure 3--FIA plots for 23 SC counties.

of the plots were located in bottom-
land hardwood stands (FIA forest site
types 60--ocak/gum/cypress, and 70--
elm/ash/cottonwood) (Figure 4), and
all of those were in natural stands
because commercial hardwood planta-
tions do not exist in the area (Figure
2). FIA sample plots are based upon a
10-point cluster design. 1In most
cases, five points are installed in a
single forest condition using a basal
area factor of 37.5 square feet per
acre to sample trees 5.0 inches dbh
and larger. Trees less than 5.0
inches diameter at breast height (dbh)
are tallied on 1/300-acre fixed plots
at each of the point centers. More
detailed information about standard
FIA field sampling procedures is
available (Tansey and Hutchins 1988;
USDA Forest Service 1991).

In the natural hardwood stands, the
post-Hugo field crews accounted for
each tree that was 3.0 inches dbh and
larger in 1986. This procedure
provided assurance that any tree that
had grown large enough to have mer-
chantable volume by 1990 (5.0 inches
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dbh and larger) would be evaluated.
Each tree was assigned to one of six

categories: (1) live, without hurri-
cane damage; (2) live, with hurricane
damage; (3) dead, hurricane related;

(4) dead, not hurricane related; (5)
cut, not associated with the salvage of
damaged stands; or (6) cut, associated
with hurricane salvage or cleanup
operation, regardless of whether the
tree was utilized for a product. Live
trees with hurricane damage were
assessed for volume loss, percentage of
crown missing, lean and bend, root
damage, degree of damage to the tree
bole, and salt burn (Sheffield and
Thompson 1992).

These assessments served as the basis
for developing damage/risk classes for
the trees on each plot that had not
been killed outright by the hurricane.
The classes reflect the likelihood of
tree survival and present (or poten-
tial) value degrade. The categories
were:

Class 1. High-risk tree with a high
probability of dying in the near




1 21 (2101)  longleaf pine
22 (1465)  slash pine
31 (17861)  loblolly pine
32 (1539)  shortleaf pine
B 33 (249)  virginia pine
] 35 (111)  red cedar
[ 36 (1485)  pond pine
] 40 (7904)  oak-pine
[ | 50 (9794)  oak-hickory
| ] 52 (32) chestnut oak
| ] 57 (660) scrub oak
] 60 (16322) oak-gum-cypress
[ ] 70 (1393)  elm-ash-cottonwood

Figure 4--Forest type.

future. Damage and value loss are
severe enough that this tree should
not be retained in the stand.

Class 2. Moderate-risk tree with
elevated risk of mortality; serious
current or potential loss of value;
retention in the stand is ques-
tionable.

Class 3. Low-risk tree that has a
high probability of surviving, though
not as high as an undamaged tree.
Damage and value degrade are minimal.
These trees should be retained in the
stand in most management scenarios.

Class 4. Healthy. No obvious hurri-
cane damage. A tree with hidden or
internal damage was included in this
category.

A complete assessment of current
stocking and hurricane damage in very
young natural stands was hampered
because trees less than 3.0 inches dbh
were not measured or sampled in 1990.
Field crews did assess treatment
opportunities in these stands,
reflecting the degree of damage. The

treatment opportunities included
salvage cut, regeneration, thinning,
and no action.

AFFECTED AREA AND VOLUME

0of the 6.5 million acres of timberland
in the 23-county area, 4.5 million
acres suffered significant storm
damage. Of this total, 1.732 million
acres were in bottomland hardwoods of
which 1.329 million acres (77 percent)
suffered storm damage. Within the
damaged area, 267,000 acres had stock-
ing reduced below manageable levels
from Class #1 injury. This area is
enlarged to 380,000 and 491,000 acres
when Class #2 and Class #3 injury is
included. In summary, no damage
occurred on 403,000 acres, mortality
without salvage was complete on 87,000
acres, salvage was effected on 17,000
acres, 491,000 acres had stocking
levels reduced below manageable levels
from Class #1, #2 and #3 damage, and
734,000 acres had damage levels below
Class #3.

On a volume basis, the inventory of the
combined upland and bottomland hardwood
growing stock was reduced from 5.1 to




4.8 billion cubic feet (6 percent).
Since the data were combined in the
analysis and were not available as
independent sets the assumption for
this report is that the hurricane
damage was comparable for both upland
and bottomland forest types. The 6
percent hardwood loss is small in
comparison to the loss of softwood
growing stock where the comparable
value is 21 percent, from 4.8 to 3.8
billion cubic feet (Sheffield and
Thompson 1992). The reasons for the
reduced hardwood loss are: (1) low
salvage cutting--49 million cubic feet
compared to 376 million cubic feet for
softwoods, and (2) softwood species
died more quickly following windthrow,
bole breakage and crown destruction.
Many of the hardwood trees--even those
severely damaged--continue to show
signs of life for years afterward.
Some of them will eventually succumb,
and others will badly degrade over the
years. The estimate is that about 20
percent of the hardwoods will suffer
hurricane-related mortality, compar-
able to the 21 percent of softwood
mortality associated with Hurricane
Hugo damage (Sheffield and Thompson
1992).

DAMAGE CHARACTERISTICS OF
BOTTOMLAND HARDWOOD STANDS

I. Physiography

By the very nature of the hurricane,
greatest damage was done nearest the
coast (Figures 4, 5 and 6). Peak
winds of greater than 65 m s™! were
encountered in northern Charleston and
southern Berkeley counties. An
expanded area in the same two counties
experienced winds of 60 m 8!, A third
zone of slightly less intensity (50 m
s') encompassed nearly all of
Charleston and Berkeley counties,
northern Dorchester, southeastern
Orangeburg, southern Clarendon, south-
eastern Calhoun; it pinched out in
southern Sumter county. The three
other bands of winds (40, 30, and 25 m
s') paralleled one another until they
exited the state (Figure 1). Despite
these well-defined wind zones, damage
to the timber by physiographic class
cannot be closely correlated because
of the inclusion of bottomland and
upland hardwoods into a single
category.

II. Tree Size/Diameter Class
More damage was associated with trees
of increasing size of hardwoods, as
measured by dbh, than for softwoods

(Table 1). The 1990 inventory was
calculated from the more complete 1986
inventory in which adjustments were
made for net growth, and regular and
Hugo removals. The results for cubic
volume are similar to those for saw-
timber volume, so only the percentages
for cubic volume are shown in Table 1.
Reference is made to Sheffield and
Thompson (1992), page 45 for compara-
ble percentages on sawtimber volume.

In interpreting Table 1, it is empha-
sized that the mortality of softwoods
averaged 21 percent across the range of
diameter classes whereas that for
hardwoods averaged only 6 percent.
Among the live softwood trees, however,
no trend is evident, by diameter class,
in the percent of healthy trees or in
those of Damage Class #1, #2 or #3. 1In
contrast, the percentage of healthy
hardwood trees decreases sharply from
78 for the 6-inch class to 54 for the
2l1-inch and larger class. Similarly,
no trend is evident in the damage
classes (Class #1, #2, #3) of softwoods
whereas a distinct change is seen for
hardwoods, especially for damage
classes #1 and #3. The apparent
reasons for these results are that the
larger-crowned hardwood trees are less
subject to stem breakage and more
subject to wind-throw--often without
immediate mortality--than are their
softwood counterparts. In addition,
the root systems of bottomland hard-
woods will, on average, be more shallow
than either upland hardwoods or soft-
woods. We were unable to test for this
phenomenon in this exercise because the
data of the two forest types were
combined.

III. Species

In addition to diameter class, some
species were more subject to hurricane
damage than other species. This phe-
nomenon is in contrast to the softwoods
where the predominant pines of the area
(loblolly, longleaf, pond and slash) of
a given size and age class all suffered
about the same mortality--from 25 to 30
percent. The exception to this conclu-
sion about softwoods is that bald-
cypress and pondcypress suffered only
about 3 percent mortality. Those
species are similar to many of the
smaller-crowned hardwoods in that they
can withstand tremendous wind forces
without suffering stem breakage or wind
throw. However, extreme epicormic
branching has since been observed on
these species, indicating that they
were greatly stressed by the hurricane
winds.
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Figure 5--Physiography.
L] 10 (413) 1.0 high damage
| ] 13 (18) 1.3
e 15 (409) 1.5
[ ] 16 (383) 1.6
] 17 (269) 1.7
] 18 (157) 1.8
| ] 19 (238) 1.9
] 20 (717) 2.0
] 21 (251) 2.1
L] 22 (635) 2.2
B 23 (461) 2.3
] 24 (448) 2.4
] 25 (1357) 2.5
Ba 26 (527) 2.6
o] 27 (868) 2.7
] 28 (1207) 2.8
BEa 29 (508) 2.9
30 (2566) 3.0
31 (890) 3.1
32 (1704) 3.2
33 (1365) 3.3
34 (1354) 3.4
35 (1834) 3.5
36 (2080) 3.6
37 (1938) 3.7
38 (2251) 3.8
40 (33866) 4.0 no damage

Figure 6--Damage classes.
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Table l1--Status of living softwood and hardwood trees following salvage operations
in 1990, by diameter class, for 23 counties in South Carolina affected by Hurricane

Hugo.
Diameter Healthy trees Class #1* Class #2 Class #3
class
(inches) Stwd Hdwd stwd Hdwd Stwd Hdwd stwd Hdwd
———————————————————————————— percent -
5.0- 6.9 68 78 13 8 13 7 6 7
7.0~ 8.9 71 75 12 11 12 8 5 6
9.0~10.9 73 72 12 11 8 8 5 9
11.0-12.9 72 71 14 10 6 7 5 12
13.0-14.9 72 73 14 11 7 6 7 10
15.0-16.9 72 64 15 14 7 7 6 15
17.0-18.9 69 62 15 14 9 7 7 17
19.0-20.9 74 60 13 13 7 9 6 18
21.0 & larger 66 54 17 14 11 11 6 21
All classes 71 68 14 12 9 8 6 12

* Class #1.
Class #2.
Class #3.

High-risk tree; salvage.

The hardwood species most subject to
damage were the oaks, especially red
oaks (Table 2). The observation is
that those species were more common to
the bottomlands (first bottoms and
terraces) where they were likely of a
larger diameter class, with concomi-
tant large crown), and had a more
shallow root system than their upland
counter~parts because of a year-round
high water table. Red maple also
showed a propensity for severe wind
damage. That damage is primarily of
the wind-throw type since that species
is common to the wet flats of bottom-
lands where it is characterized by a
shallow root system.

Yellow-poplar also suffered higher
than average damage, as did ash
(Fraxinus spp.). Both of these
species or species groups encountered
stem breakage as the major source of
damage, as opposed to wind throw.
Yellow-poplar is noted for its low
density wood (average specific gravity
of about .42 for old-growth trees, as
opposed to about .60 for both red and
white oaks), with its poor strength
properties. The wood of ashes is
known for its resiliency, but it is
also brash, meaning that when enough
force is applied for breakage that it
shatters parallel to the grain.
Baseball bats exhibit both of these
characteristics which is why ash is
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Moderate-risk tree; harvest to prevent degrade.
Retain in stand though some degrade is likely.

preferred as an implement in our
national pastime.

Two classes of bottomland trees that
suffered least damage were bay/
magnolia and tupelo/swamp black gum.
Even though unique to water saturated
soils, these species have deep root
systems and, thus, they encountered
almost no windthrow. The relative
resistance of tupelo/blackgum to wind
damage is similar to that of bald
cypress which is a common associate in
the hydric soils of the Lower Coastal
Plain.

IV. Stand Density (Stocking)
Hurricane damage to bottomland hard-
woods appears to be worse in stands
that were intermediate in stocking, as
opposed to both high and low stocking
(Table 3). For example, 43 percent of
the stands that were identified as
being 100 percent stocked at the time
of Hurricane Hugo maintained that level
of stocking following the storm.
Similarly, stands that were stocked at
the 30-39, 40-49, and 50-59 percent
level before Hurricane Hugo retained
stocking at that level 49, 46 and 50
percent of the time. Conversely,
stands with 60-69 percent stocking
maintained that stocking in only 28
percent of the cases. To a lesser
extent, stands with 70-84 and 85-99
percent stocking were also less able




Table 2--Status of hardwood species following salvage operations in 1990 for 23
counties in South Carolina affected by Hurricane Hugo.

Species Healthy Class #1* Class #2 Class #3
trees

------------------------ percent=—~——- - -
Select white oaks 71 11 4 14
Select red oaks 63 10 5 22
Other white oaks 65 10 11 14
Oother red oaks 58 12 9 21
Hickory 69 6 8 17
Red maple 58 12 13 17
Beech 66 - 19 15
Sweetgum 71 14 7 8
Tupelo/black gum 78 11 6 5
Ash 64 13 10 13
Cottonwood 70 15 11 4
Yellow-poplar 60 13 8 19
Bay/magnolia 85 - 5 10
Sycamore 74 6 4 16
Elm 717 11 4 8
All species 69 10 8 14

* Class #l1. High-risk tree; salvage.
Class #2. Moderate-risk tree; harvest to prevent degrade.
Class #3. Retain in stand though some degrade is likely.

Table 3--Percentage comparison of the areas (acres) supporting different
stocking classes at pre- and post-Hugo inventories for bottomland hardwoods in
23 South Carolina counties.

Pre-~Hugo Post-Hugo Stocking (percent)
Stocking
(percent) 0-14 15-29 30-39 40~-49 50-59 60-69 70-84 85-99 100+

0-14 100
15-29 30 70
30-39 12 39 49
40-49 15 17 22 46
50-59 12 8 10 20 50
60-69 6 12 15 14 15 28
70-84 7 8 12 8 12 13 39
84-99 5 6 8 9 5 10 20 36
100+ 5 3 4 3 4 4 13 20 43
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to hold that stocking compared to
densities at both lower and higher
levels. The respective values for
those two classes were 39 and 36
percent.

MANAGEMENT PRESCRIPTIONS

Physiographic Class

Using the convention of the FIA
Research Work Unit, the physiographic
classes supporting bottomland hardwood
in the 23-county area of South
Carolina are as follows:

Narrow Floodplains

Floodplains less than 1/4 mile in
total width along rivers and streams.
They include natural levees and first
bottoms. These sites are normally
well drained but are subject to
occasional flooding during periods of
heavy or extended precipitation.
Associated species include sycamore,
sweetgum, yellow-poplar, green ash,
willow oak, southern red ocak and,
further inland, black walnut.

Broad Floodplains

Floodplains 1/4 mile or wider along
rivers and streams. They include
natural levees, first and second
bottoms and terraces. The mineral
80ils common to these sites are
normally well drained but are subject
to annual flooding, especially during
periods of heavy or extended
precipita-~-tion. Species associated
with this class include cottonwood,
sycamore, sweetgum, green ash, red
maple, and cherrybark oak, and toward
the fringes (terraces) water, willow,
overcup and swamp chestnut oak.

Deep Swamps

Low, wet, flat forested areas, usually
quite large in extent, which are
flooded for long periods of time
except during periods of extended
drought. They are often associated
with sizeable streams forming in the
Lower Coastal Plain. Soil and
moisture conditions are generally
quite favorable for forest growth of
selected species such as tupelo, swamp
black gum, red maple, green ash,
sweetgum, yellow-poplar and water,
willow and laurel oak. Organic soils
are common to these areas.

Small Drains

Narrow, streamlike, wet strands of
forest land often without a well-
defined stream channel. These areas
are poorly drained or flooded through-
out most of the year except during
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periods of extended drought. They
often serve as drains for the adjacent
higher ground, distal from the adjoin-
ing stream. Associated species include
bald cypress, swamp black gum, sweet-
gum, green ash and red and loblolly
bay. They are characterized by organic
soils.

Bays and Wet Pocosins

Low, wet, boggy sites characterized by
peaty or organic soils. Common species
associates of these sites include swamp
black gum, green and Carolina ash and
loblolly and red bay. Pond pine is
also common to these areas.

Other Hydric

Includes areas of standing water in
which there are inlets and outlets
during stages of high water. Examples
of these areas include oxbow lakes and
cypress ponds. The predominant tree
species are bald cypress, pond cypress
and tupelo gum.

Forest Types

The species groups recognized by the
FIA Research Work Unit for the bottom-
land hardwoods in the 23-county area
affected by Hurricane Hugo are Oak-Gum-
Cypress and Elm-Ash-Cottonwood. Seven
forest types are identified within the
first group and four in the second
(USDA Forest Service, FIA Research Work
Unit, 1991). Their description
follows:

Oak-Gum-Cypress

Swamp chestnut oak-cherrybark ocak
Swamp chestnut ocak and cherrybark oak
comprise a majority of the stocking.
Associates include ash, hickory, white
oak, shumard oak, black gum, sweetgum,
American elm, winged elm, yellow-
poplar, and American beech. The loca-
tions are alluvial flood plains of
major rivers, usually in the Coastal
Plain, where the soils are moist but
seldom covered with standing water.

Sweetqum-water ocak-willow ocak Sweet-
gum and water, willow and laurel oak,
either singly or in combination make up
this type. Associates include green
ash, red maple, blackgum, over-cup oak
and occasionally bald cypress. The
Coastal Plain and lower Piedmont sites
are low and moist which are represen-
tative of drains, poorly drained
flatwoods, and swamp margins.

Sugarberry (hackberry)-American elm-
green _ash The three species comprise
the majority of this forest type. They
are joined by water oak, willow oak,




laurel oak, sweetgum, water hickory
and boxelder. The type is common on
imperfectly drained soils of the first
or second bottom of major rivers and
streams in the Coastal Plain.

Overcup ocak-water hickory These two
species comprise a majority of the
stocking. The associates include
green ash, hackberry, American elm,
and red maple. The type is common to
the Coastal Plain where it is found in
poorly drained sloughs and depressions
of first and second bottoms of rivers
and primary streams.

Cypress-water tupelo Bald cypress and
water tupelo comprise the majority of
the type. Associates include green
ash, red maple, swamp black gum, and
sweetgum. The type is common to the
Coastal Plain where flowing water is
present for the better part of the
year. The associates would be found
on the periphery of the water body, or
on hummocks or ridges within the
confines.

Sweetbay-black qum-red maple The
associates of this species combination
would include Atlantic white cedar,
sweet bay, pond pine, slash pine and
titi. The organic soils supporting
this forest type which is unique to
the Coastal Plain remain saturated
through-out the year.

Elm-Ash Cottonwood Group

River birch-sycamore The type, common
to the Upper Coastal Plain, Piedmont
and low mountains, is most frequently
found along stream margins, on
recently disturbed land. River birch
often forms pure stands in such
situations with sycamore occurring as
scattered trees which will eventually
dominate. Associates include ash,
sweetgum, red maple and yellow-poplar.

Cottonwood This species infrequently
occurs as a pure stand, but more com-
monly occurs in mixture with willow,
white ash, green ash and sycamore. It
is most commonly found on point bars
and secondarily on recently disturbed,
moist soil along streams and sloughs.
It is most common to the Coastal
Plain, but occurs in mixture with
other species in the Piedmont and low
mountains.

Willow This species group almost
always occurs in pure stands, often on
point bars, and on recently disturbed
soils adjacent to streams and sloughs
where the surface water drainage has
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been adversely altered. On such sites,
it often serves as a pioneer, giving
stability to the site until other tree
species of longer life become estab-
lished. A common pioneer associate is
swamp cottonwood.

Sycamore-pecan-American elm A mixed
stand of the three species is some-
times observed, but a more common
phenomencn is for a pure stand of
either sycamore or pecan to occupy the
site. Both species find their niche on
abandoned bottomland fields or along
logging roads where there has been
recent disturbance. Sycamore is more
common to the Piedmont and low
mountains, on soils of good internal
drainage. The latter two species are
common to the Upper Coastal Plain on
imperfectly drained soils.

PRESCRIPTION

Data collected and analyzed by the USDA
Forest Service FIA Research Unit show
almost no trends in the severity of
hurricane damage to the bottomland
hardwoods of the 23-county area of
South Carolina. This conclusion
applies specifically to the seven
forest types that comprise the Oak-Gum-
Cypress Group and the four that
comprise the Elm-Ash-Cottonwood Group.
A number of these forest types com-
monly occur within one or more of the
six physiographic types (narrow flood-
plains, broad floodplains, deep swamps,
small drains, bays and wet pocosins,
and other hydric) within the area. No
consistency was found in the damage of
a forest type either within or among
physiographic types.

There is evidence that the severity of
damage was worse on trees of large
size, i.e., greater than 15 inches dbh
(Table 1) and on species such as the
red and white oaks, red maple and
yellow-poplar (Table 2). As a result
of their large size, the select red and
white ocaks were thought to be more
prone to damage because of their
proportionally larger crowns and
because they more often occupy fine-
textured, imperfectly drained soils
which are conducive to development of
shallow root systems.

Evidence also exists that stands of
optimal stocking for tree growth and
development were more subject to
hurricane damage than those classes
that would be considered understocked
or overstocked (Table 3). A greater
percentage of the stand area was
reduced to the next lower levels of




stocking when the pre-Hugo stocking

was from 60 to 99 percent.

The 60 to

69 percent class appeared to be

especially vulnerable.

The cause of

this phenomenon probably lies in the
partial harvests of many of the
bottomland hardwood stands, an unde-
sired but ongoing practice where the
best trees are removed at periodic
intervals.

With the general lack of trends in
tree damage across physiographic and
forest types, definitive prescriptions
for timber stand improvement are left

wanting.

However, the following

observations and recommendations
should be helpful to the timberland
owner in upgrading affected bottomland
hardwood forest.

1.

The deep swamps, small drains,
bays and wet pocosins and
"other" hydric physiographic
class offer the least oppor-
tunity for timber stand
improvement. Even though
considerable stem and crown
breakage occurred in these
types, relatively little
windthrow was encountered. The
lack of wind-throw is the result
of the crown architecture of the
species (columnar and single
stemmed) and the deep rooting
habit of the species.

The year-round water saturated
soils of these physiographic
classes will largely prohibit
ready access of wheeled or
tracked logging equipment for
anything much less than complete
harvest of the timber. There-
fore, little economic oppor-
tunity exists for upgrading
these stands.

The narrow floodplains of the
Coastal Plain, Piedmont and low
mountains offer the greatest
opportunity for timber salvage
as well as for timber stand
improvement. These lands are
generally accessible from the
high banks. 1In addition, the
soils within the floodplain are
without standing water for all
but a few weeks a year.

The recommendation is to
identify the older stands of
marginal stocking for first
entry. If the stands are
severely damaged, the
recommendation is to clearcut
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the timber, leaving only those
trees that will have wildlife
value but in low enough quanti-
ties that the ensuing seedling
and sprout regeneration is not
adversely affected. For stands
less severely affected, i.e.,
where residual stands exist of 40
ft?/ ac basal area or more,
salvage harvesting should be
conducted as soon as practical to
remove the affected timber. The
harvest should be scheduled
during autumn to take advantage
of existing seed crops, and to
benefit from optimum traffic
conditions that result from
normal low rainfall of this
season of the year.

The broad floodplains offer
similar opportunity for regen-
eration and timber stand
improvement as do the narrow
floodplains. The exception is
that trafficability will be more
restricted during the rainy
seasons. Priorities for treat-
ment of these areas are to
concentrate on the older and
poorly stocked portions of the
stands, especially where large
diameter oaks, and to a lesser
extent, ash and yellow-poplar,
make up a large component of the
stand.

The prescription for managing the
damaged stands of this
physiographic class perhaps
carries more urgency than do the
narrow floodplains. The reason
is that the understory, shade-
tolerant species composition
common to this class, i.e.,
ironwood, dogwood, redbay,
American holly, and to a certain
extent sugarberry, elm and
boxelder, will benefit from the
effects of the storm at the same
time that the desired overstory
species have been killed or
variously damaged. In most
salvage operations, whether a
clearcut or a partial harvest,
the understory species will have
to be controlled to allow the
light-demanding, overstory
species to regenerate and
develop. Control of the unde-
sirables can be accomplished in a
number of ways. Chain-saw fell-
ing, girdling, shearing and
surface-applied or injected
herbicides are proven methods of
control.
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HURRICANE HUGO WIND DAMAGE TO SOUTHEASTERN U.

COASTAL FOREST TREE SPECIES

C. A. Gresham, T. M. Williams, and D. J. Lipscomb'’

Abstract--One percent of Hobcaw Forest, a 3077 ha tract in
South Carolina’s lower coastal plain, was inventoried with
fixed area plots within four months after the eye of
Hurricane Hugo passed 97 km south of the forest. Results
of this sampling confirmed our hypotheses that the amount
and nature of hurricane wind damage differed among the tree
species sampled. Approximately 73 percent of the 16,870
trees inventoried were either not damaged or had light
crown damage. Longleaf pine (Pinus palustris) was less
damaged than loblolly pine (Pinus taeda) or pond pine
(Pinus serotina). Bald cypress (Taxodium distichum)
suffered light crown damage. Upland ocaks were more heavily
damaged than the pine species. Live oak (Quercus
virginiana) was less damaged than laurel oak (Quercus
laurifolia) and water oak (Quercus nigra). Those tree
species commonly found in the lower coastal plain (longleaf
pine, bald cypress, and live ocak) suffered less damage than

S.

species with larger natural ranges.

INTRODUCTION

On September 22, 1989, the eye of
Hurricane Hugo came ashore 20 km east
of Charleston, SC with estimated
maximum sustained winds of 222 km/hr
and a barometric pressure of 93.4 MPa
in Charleston (Purvis and others
1990). It proceeded northwest (Figure
l1). In Georgetown, 97 km north of
Charleston, the mean wind speed was
estimated to be 87 km/hr with gusts of
138 km/hr (Purvis and others 1990).

Hobcaw Forest, 7 km southeast of
Georgetown, was less damaged than
forests closer to the hurricane’s eye,
but it was enough damaged to determine
the sensitiv-ity of several coastal
plain tree species and size classes to
hurricane winds. This report
summarizes the results of an inten-
sive survey of tree damage in Hobcaw
Forest immediately following Hurricane
Hugo. The objective of the survey was
to quantify hurricane wind damage to
common tree species of Hobcaw Forest

! Associate Professor, Professor, and
Forest Director, Department of Forest
Resources, Baruch Forest Science
Institute of Clemson University, P. O.
Box 596, Georgetown, SC 29442 U.S.A.

to test the hypothesis that the damage
was not similar among species and among
size classes within species. We
hypothesized that loblolly (Pinus taeda
L.) and longleaf pine (Pinus palustris
Miller) would exhibit different kinds
of wind damage because of foliage and
branch morphological differences, and
that pond pine (Pinus serotina Michaux)
and loblolly pine would be damaged in
similar ways, because they are mor-
phologically similar. Bald cypress
(Taxodium distichum (L.) Richard) has
deciduous foliage and fine branches,
unlike the other conifers, which could
contribute to its previously observed
ability to withstand strong winds.
Water oak (Quercus nigra L.), laurel
oak (Quercus laurifolia Michaux), and
southern red oak (Quercus falcata
Michaux) grow taller, have an excurrent
canopy, and would be more wind damage
sensitive than live ocak (Quercus
virginiana Miller) with its deli-
guescent canopy.

METHODS

The study was conducted on the 3077 ha
Hobcaw Forest (33 20’ N, 79 15’ W)
which occupies the southern tip of the
Waccamaw Peninsula in Georgetown
County, South Carolina (Figure 1).
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Figure l--Location of Hobcaw Forest in
Georgetown County and South Carolina.

The Georgetown area climate is charac-
terized by mild winters and hot humid
summers. Monthly mean January and
August temperatures were 8°C and 23°,
respectively, and mean annual precipi-
tation was 1300 mm for the period
1951-1980 (NOAA 1981).

Local topography is dominated by a
series of Sangamon Age beach ridges
with elevations ranging from 3-8 m
above mean sea level (MSL) on the
western side of the forest and 1-2 m
above MSL on the eastern side
(Williams and Lipscomb 1981). Hobcaw
Forest soils are sandy throughout,
excessively to moderately well drained
on the western side, and moderately to
poorly drained on the eastern side
(Stuckey 1982).

Fifty-two arborescent species (nomen-
clature follows Radford and others
1968) occur in Hobcaw Forest (Barry
1968). Ridges are dominated by either
longleaf pine with some shortleaf pine
(Pinus echinata Miller) occurring on
older ridges, or by a mixture of oaks
(Quercus L.) and hickories (Carya
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Nuttall). Inter-ridge areas are flat
and support a mixture of loblolly pine,
pond pine, or longleaf pine. Ephemeral
streams drain inter-ridge areas and are
bordered by forests of sweetgum
(Liquidambar styraciflua L.), ash
(Fraxinus L.), elm (Ulmus L.) and
blackgum (Nyssa sylvatica var sylvatica
Marshall). The top of the forest
canopy averages 21 m high (unpublished
data, Baruch Forest Science Institute).
Pre-hurricane forest structure and
composition resulted from repeated
logging (Williams and Lipscomb 1983)
and prescribed burning (Komarek 1981).

From November 1989 to May 1990, we
sampled hurricane damage to trees in
293 of the 362 Hobcaw Forest stands
delineated in 1965 for forest manage-
ment purposes (unpublished data, Baruch
Forest Science Institute). (Stands
without minimum-sized [see below] trees
or in which timber was salvaged were
not sampled.) Stands varied in size
from 0.6 ha to 44 ha and each had a
relatively homogeneous canopy composi-
tion. Within each stand we inventoried
a randomly located, 100 m by 10 m plot
by recording species, diameter at
breast height (dbh), and damage class
of all live, woody stems greater than
10 cm dbh. TIf 25 trees were not in the
0.1 ha plot, it was extended until 25
trees were inventoried in each plot.

If a stand was larger than 20 ha, two
plots in it, of at least 25 trees each,
were inventoried.

We visually estimated wind-related tree
damage and assigned trees to one of the
following damage classes, listed in

order of increasing severity of damage:

1. Undamaged: Bole unbent and
vertical with little crown
damage;

2. Bent: Roots intact, lower bole
vertical, upper bole not
vertical;

3. Limbs broken: Many limbs broken,
terminal leader intact:

4. Defoliated: Sparse foliage, with
brown or dying foliage;

5. Top broken: Many limbs broken,

terminal leader broken;

6. Broken: Bole broken between
ground and crown base;

7. Uprooted: Tree partially
uprooted with bole leaning;

8. Downed: Tree partially uprooted
with bole lying on ground.

These damage classes were grouped as
follows for discussion purposes:
undamaged trees, (class 1); light



damage, bole bent or limbs broken
(classes 2,3); moderate damage,
defoliated or top broken (classes
4,5); heavy damage, broken, uprooted
or downed (classes 6,7,8).

Basal area and stem density were
calculated on a plot basis and
averaged over 329 plots. An R X C
G-test (Sokal and Rohlf 1981) was used
to determine pooled differences and
homogeneity of number of stems among
damage classes. Chi-square tests of
independence in R x C contingency
tables (Everitt 1977) were used to
compare stem distributions among
damage classes between two species.
An alpha of 0.05 was used for all
tests.

RESULTS

We tallied 16,870 stems in 329 0.1 ha
plots which is 1.08 percent of the
area of Hobcaw Forest. Average plot
density was 506 stems ha' and average
plot basal area was 25.3 m? ha'.

Severity of Damage

Percents of stems in damage classes are
summarized in Table 1. Approximately
73 percent of the trees sampled were
not damaged (24%) or were lightly
damaged (49%). Moderately damaged and
heavily damaged trees were 16 percent
and 11 percent of the total, respec-
tively. With the exception of live ocak
and swamp tupelo, hardwoods suffered
more wind damage than did pines. Long-
leaf pine was the least damaged of the
pines with 87.7 percent of the stems
not damaged or lightly damaged, com-
pared to 73.5 percent for loblolly pine
and 65.5 percent for pond pine.
Approximately 84 percent of the bald
cypress stems were not damaged (11.2%)
or were lightly damaged (73.0%).

Laurel oak, the most common upland
hardwood, had 19.4 percent of the stems
in the heavy damage group compared to
7.8 percent for longleaf pine and 9.0
percent for loblolly pine.

Table 1--Variation by percent of stems for types of damage suffered by tree species
in Hobcaw Forest, South Carolina, during Hurricane Hugo. The table shows the
percent of stems in each damage class for each of the major tree species, and the
percent of stems of each major species of the total number of stems of all tree
species in the samples. Damage classes are grouped as shown into damage groups for

discussion in the text.

Damage Group

Un- Light Moderate Heavy
damaged Damage Damage Damage
Species Un- Bent Limbs De- Top Bole Up- Downed Percent
damaged broken foliated broken Broken rooted of total
Longleaf 46.7 1.1 39.9 3.4 1.1 1.8 2.9 3.1 6.7
pine
Loblolly 27.3 4.4 41.8 9.7 7.8 2.6 5.3 1.1 47.0
pine
Pond pine 27.7 2.4 35.4 2.9 4.8 6.3 12.1 8.3 1.2
Bald 11.2 1.3 71.7 5.6 6.6 1.6 1.0 1.0 1.8
cypress
Blackgum 15.3 1.4 48.7 25.4 5.5 2.3 1.1 0.4 4.7
Sweetgum 14.9 5.8 49.3 12.7 15.8 4.0 3.4 4.2 8.7
Swamp 5.4 0.6 86.0 0.3 6.3 0.9 0.6 0.0 2.1
tupelo
Laurel 15.7 11.4 41.9 5.4 6.3 6.2 7.0 6.2 5.0
oak
Live 27.1 1.0 46.6 15.9 . 1.9 1.1 1.3 2.8
oak
Water 15.9 8.6 43.2 6.7 5.4 4.7 8.4 8.0 2.7
ocak
Average 23.9 4.2 44.8 8.6 7.4 3.5 5.0 2.7




Live ocak and swamp tupelo had a larger
percent of stems not damaged or
lightly damaged than water ocak and
laurel oak, which had a larger percent
of stems heavily damaged (Table 1).
Twenty-seven percent of the live oak
stems were undamaged compared to 16
percent for both water oak and laurel
oak. Swamp tupelo had the highest
percent of stems lightly damaged
(86.6%).

Stem Number Distribution Among

Damage Classes

Table 2 summarizes the results of the
G-test for stem count distribution
among damage classes. The heteroge-
neity test indicated that at least one
species did not fit the damage distri-
bution for all species combined.
Individual G-test statistics indicated
that 12 of 14 species tested did not
fit the overall damage distribution.

Chi-square tests indicated similari-
ties between damage distributions of
pairs of species. Among conifers,
damage distributions between loblolly
pine and pond pine were not signifi-
cantly different. Damage distribu-
tions of laurel ocak and water oak were
not significantly different and the
distributions of live oak and southern
red oak were not significantly dif-
ferent. The damage distributions of
southern red oak and hickory (pri-
marily Carya tomentosa [Poiret]
Nuttall) were not significantly
different as also indicated by the
G-test (Table 2).

Non-gignificant differences between
damage distributions of a pine and
hardwood were live ocak and loblolly
pine and longleaf pine and southern red
oak. All other pairwise tests of
apparently similar damage distribu-
tions resulted in significant
chi-square statistics indicating
different distributions.

Basal Area Distribution Among

Damage Classes

Table 3 summarizes the percent basal
area distribution among damage classes
for the more abundant species sampled.
Because basal area integrates both dbh
and stem density this analysis gives a
better picture of tree biomass damaged
than does the analysis based on stem
counts.

Among the pines, the percent of basal
area in the heavy damage group was 42.6
percent for pond pine, compared to 11.2

percent and 16.8 percent for longleaf
pine and loblolly pine, respectively.
Longleaf pine had approximately twice
the basal area undamaged than did
loblolly (39.4% and 19.3%,
respectively).

Live oak was one tenth as damaged in

terms of basal area as either laurel or

water ocak. Only 3.3 percent of the
live oak basal area was in the heavy
damage group compared to 32.1 percent
for laurel oak and 34.6 percent for
water oak. The following species had
more basal area in the light damage
groups than in the other groups:

Table 2--G-test statistics for stem counts among damage classes testing the
following hypothesized percent distribution among damage classes 1-8, respectively:

24.5, 4.2, 45.6, 8.5, 7.5, 3.0, 4.5, 2.2.

The hypothesized distribution was the

damage distribution for all species (** = P < .01l).

Tests df G Species df G
Pooled 7 3.3 longleaf pine 7 376.2%*
Heterogenity 91 2189.9%* loblolly pine 7 139.7%*%*
pond pine 7 58.1%%*
Total 98 2193.2** bald cypress 7 87.7%*
blackgum 7 274.9%*
sweetgum 7 276.2%%
swamp tupelo 7 518.9**
ash 7 84.8%*
hickory 7 2.4
laurel oak 7 179.6%*
live oak 7 62.4**
southern red oak 7 6.3
water oak 7 91.3*x
turkey oak 7 92.4**
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tupelo (88.5%), bald cypress (84.3%),
live ocak (66.7%), sweetgum (60.1%),
and blackgum (53.4%).

Damage as a Function of Tree

Diameter

In general, the larger dbh trees were
heavily damaged and smaller dbh trees
were either not damaged or lightly
damaged. Loblolly pine typified this
pattern, except that the moderately
damaged trees were about the same dbh
as the undamaged and lightly damaged
trees (Figure 2). Longleaf pine was
unique among the pines in that the
smallest trees had heavy crown damage,
and the undamaged and lightly damaged
trees were intermediate in dbh.

Laurel oak and water ocak were similar
in terms of kinds of damage suffered
by trees of different sizes (Figure
3). The smaller dbh trees were either
undamaged or bent. The larger dbh
trees had the top broken or were in
the heavy damage group. The smallest
live oak trees were bent, and the
undamaged live oak trees were larger
than the bent trees. Like laurel oak
and water ocak, the larger live oak
trees had the top broken or the bole
broken. However, uprooted live oak
trees were larger than uprooted laurel
oak and water oak, and downed live oak
trees were smaller than downed laurel
oak and water oak.

DISCUSSION

We considered the sum of the percent
basal area in the undamaged and
lightly damaged groups (undamaged,
bent, and limbs broken damage classes
of Table 3) for a species to be an
index of that species’ ability to
resist hurricane wind damage. Those
species with 80 percent or more basal
area undamaged or lightly damaged are,
from least to most damaged, swamp
tupelo, bald cypress, longleaf pine,
and live oak.

Likewise, we considered the sum of the
percent basal area in the heavy damage
group of damage classes (bole broken,
uprooted or downed of Table 3) for a
species to be an index of a species’
sensitivity to hurricane wind damage.
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Figure 2--Average dbh of pine stems by
damage class. Damage classes were
grouped as follows: undamaged trees
(damage class 1); light damage, bole
bent or limbs broken (classes 2,3);
moderate damage, defoliated or top
broken (classes 4,5); heavy damage,
broken, uprooted or downed (classes
6,7,8). Shortleaf pine did not have
any stems in five of the eight damage
groups and was not included in the
figure. Error bars show two standard
errors above and below means. Sample
sizes are indicated above error bars.




40 | bgve CE?( 5 ]
£ I
% 128 75
20 +
5 |
— Laurel Oak s2 52
40 2 53 + %;
5 r 352 a5 // 50 /
é 20 | 132 g g ?
i % 4
Water Oak
40 | % 2
E; i 37
L 200 3g
% 20 [ & w a 8! %
il
Un-  Bent Limbs De- Top Bole Up- Downed
damaged Broken folated Broken Broken rooted

Figure 3--Average dbh of cak stems by
damage class. Damage classes were
grouped as follows: undamaged trees
(damage class 1); light damage, bole
bent or limbs broken (classes 2,3);
moderate damage, defoliated or top
broken (classes 4,5); heavy damage,
broken, uprooted or downed (classes
6,7,8). Species with less than 100
stems inventoried are not included in
the figure. Error bars show two
standard errors above and below means.
Sample sizes are indicated above error
bars.

In order of decreasing basal area in
the heavy damage group, pond pine,
water oak and laurel oak had 43
percent, 35 percent and 32 percent of
their respective basal area heavily
damaged. From the hurricane wind
damage resistance and sensitivity
indices, the more abundant species
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encountered in this study can be
classified as either resistant or
sensitive, and other studies support
this classification.

Touliatos and Roth (1971) reported that
live oak, pond cypress (Taxodium
ascendens Brongn.) and bald cypress had
very high wind resistance. They also
reported that loblolly pine, longleaf
pine, southern red ocak, and water oak
had low resistance to breakage, which
agrees with our data of Table 3.

This differential resistance of south-
eastern United States forest species to
wind damage was also reported for
tornado~generated high winds
(Glitzenstein and Harcombe 1988). They
reported that 73 percent, 73 percent,
and 66 percent, of the surviving
southern red oak, water oak, and
sweetgum, respectively, were badly
damaged compared to 1.6 percent of the
loblolly pine and 0 percent of the
longleaf pine. They also reported that
destruction of individuals in the
larger diameter classes significantly
reduced the average diameter of intact
trees. These same patterns of differ-
ential species sensitivity to wind
damage and higher sensitivity of larger
trees to wind damage were reported for
a southeastern U.S. Fagus-Magnolia
forest (Harcombe and Marks 1983).
Tropical tree species also exhibit
differential resistance to hurricane
wind damage and suffer more damage in
the larger diameter classes (Lugo and
others 1983, Putz and others 1983).

wWind damage integrates species, site,
and stand characteristics which pro-
hibits direct assignment of a single
cause of damage to an individual
species. However, resistance and
sensitivity to hurricane wind damage of
the more abundant species of this study
were associated with morphological and
anatomical properties of the species.
The resistance of swamp tupelo and
cypress was probably related to the
presence of buttressed boles (Touliatos
and Roth 1971, Putz and others 1983),
and the deciduous habit of cypress
greatly reduced the surface area
exposed to high winds. We noticed that
cypress foliage was browning, as it
does before leaf fall, just before the
hurricane struck. The damage resis-
tance of longleaf pine could be related
to firm anchorage provided by the large
taproot and widespread lateral root
system. Our excavations of longleaf
pine root systems (unpublished data,
Baruch Forest Science Institute)



Table 3--Variation by percent of basal area for types of damage suffered by tree
species in Hobcaw Forest, South Carolina, during Hurricane Hugo. The table shows
the percent of stem basal area in each damage class for each of the major tree
species, and the percent of stem basal area of each major species of the total stem
basal area of all tree species in the samples. Damage classes are grouped as shown
into damage groups for discussion in the text.

Damage Group
Un- Light Moderate Heavy
damaged Damage Damage Damage
Species Un- Bent Limbs De- Top Bole Up- Downed Percent
damaged broken foliated broken Broken rooted of total
Longleaf 39.4 0.9 44.3 3.8 0.5 2.4 4.0 4.8 12.1
pine
Loblolly 19.3 3.2 48.5 7.2 5.2 5.7 7.9 3.2 39.6
pine
Pond pine 10.5 1.7 37.7 4.2 3.3 8.1 18.5 16.0 1.5
Bald 5.2 0.3 84.0 3.0 2.8 2.6 0.7 1.3 4.4
cypress
Blackgum 13.4 0.4 53.0 23.4 5.0 2.9 1.8 0.1 7.7
Sweetgum 8.9 2.8 57.3 11.9 15.0 4.0 3.2 7.0 7.0
Swamp 3.1 0.1 88.4 0.3 6.2 0.8 1.0 0.0 3.6
tupelo
Laurel 5.7 3.7 45.4 13.2 0.1 13.6 5.6 12.9 6.2
oak
Live oak 15.3 0.2 66.5 8.8 6.0 1.5 1.0 0.8 4.5
Water oak 6.2 3.6 38.4 4.3 12.8 10.5 8.5 15.6 2.0
Average 17.0 2.1 52.9 6.9 6.0 5.2 5.5 4.6
indicated that longleaf pine taproots are commonly found in the lower coastal
extended two meters vertically in the plain, where the frequency of hurri-
soil and the lateral root system canes is higher than further inland.
extended up to six meters horizontally More wide-spread species, not particu-
from the taproot. The resistance of larly associated with the coastal
live oak has been related to the low plain, were more vulnerable. Longleaf
deliquescent canopy and high wood pine, bald cypress and live ocak trees
strength and resilience (Touliatos and commonly live at least a century (bald
Roth 1971). The crowns of the larger cypress trees live 400-600 years,
live ocaks were level with or below Fowells 1965), and are commonly found
crowns of associated laurel and water in South Carolina’s lower coastal plain
oaks. (Radford and others 1968). With an
average hurricane recurrence interval
The hurricane wind damage sensitivity of 5.8 years (Purvis 1973), these trees
of pond pine was probably related to would be exposed to 17 hurricanes
its shallow root system, which during a 100-year lifetime. During the
developed in high water table soils. past 110 years four hurricanes as
Pond pine had the highest percent of severe as Hugo struck South Carolina
stems blown down (8.3%). A high (Purvis 1973). Therefore, it is
percent of water oak and laurel oak possible that hurricanes have exerted
stems were blown over (8.0% and 6.2%, selection pressure on traits of some
respectively) which may be related to tree species that are common in forests
the observed shallow, diffuse root frequently damaged by hurricanes.
system. These oaks are tall at
maturity (15-18 m, Harrar and Harrar LITERATURE CITED
1962) and thus were more exposed to Barry, J.M. 1968. A survey of the
high winds than were smaller trees. native vascular plants of the Baruch
. . . Plantation. Masters Thesis, Dept. of
It 1s interesting to note that the Biology, University of South Carolina,
more hurricane-wind-resistant species Columbia, SC.
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MAJOR STRUCTURAL DAMAGE PRESENT PRIOR TO
HURRICANE HUGO IN OLD-GROWTH FOREST TREES AT
FOUR HOLES SWAMP, SOUTH CAROLINA

M. J. Duever and J. M. McCollom!

Abstract--While measuring impacts of Hurricane Hugo, we
assessed characteristics of trees that might have
increased their susceptibility to damage. This
included evidence of previous major damage, such as
major branch loss and bent, uprooted, or broken boles.
Previous damage varied from 21-91% as a function of
species and from 25-75% as a function of site. For
certain species previous damage was infrequent
(21-29%), and these species showed low survival (0-2%)
among trees affected by Hurricane Hugo. Other species
exhibited a high frequency of previous damage (86-87%),
and had a high percentage of individuals (80-100%) that
survived despite being affected by the hurricane. Age
was related to frequency of previous damage for most
species. Different areas of the swamp have distinct
disturbance histories as evidenced by sites in the same
area having similar percentages of individuals with
previous damage, regardless of habitat type and species
composition.

Reprinted with permission from Supplement to Bulletin of the Ecological Society
of America 73(2):161. Abstracts. Dr. Allen M. Solomon, Editor, ESA Bulletin,
USEPA-ERL, 200 SwW 35th St., Corvallis, OR 97330.

! National Audubon Society, Naples, FL 33964, USA.
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PATTERNS OF INITIAL AND DELAYED MORTALITY CAUSED BY
HURRICANE HUGO IN FOUR OLD-GROWTH FOREST COMMUNITIES
IN FOUR HOLES SWAMP, SOUTH CAROLINA

J. M. McCollom and M. J. Duever!

Abstract--Initial (Fall 1989) and delayed (Fall 1991 &
1992) mortality data were collected for 1233 trees >15
cm dbh in 16 plots damaged by Hurricane Hugo. Though
22% of the trees were killed, species composition two
years after Hugo was quite similar to pre-hurricane
conditions. The ratio of trees killed initially to all
trees of a species showed a strong positive correlation
with species arrayed along a topographic gradient.
However, delayed mortality was much more equally dis-
tributed along the topographic gradient. Initial and
delayed mortality patterns varied with type of damage
incurred, such as major branch loss and bent, uprooted,
or broken boles. Overall and initial mortality rates
increased only slightly with diameter, while delayed
mortality decreased slightly.

Reprinted with permission from Supplement to Bulletin of the Ecological Society
of America 73(2):266. Abstracts. Dr. Allen M. Solomon, Editor, ESA Bulletin,
USEPA-ERL, 200 SW 35th St., Corvallis, OR 97330.

! Ecosystem Studies, National Audubon Society, Naples, FL 33964, USA.
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HURRICANE HUGO

EFFECTS ON

OLD-GROWTH FLOODPLAIN FOREST COMMUNITIES AT
FOUR HOLES SWAMP, SOUTH CAROLINA®'

Michael J. Duever and Jean M. McCollom?

ABSTRACT--We assessed hurricane damage and mortality of
1233 canopy trees (>6 in dbh) in sixteen plots within
the old growth floodplain forest in Four Holes Swamp.
Sixty percent of the trees sustained major damage, and
22% had died within two growing seasons as a result of

the hurricane.

Higher elevation Ridge Bottom forest

plots sustained the greatest damage (81%) and highest
mortality (47%), while the lower Cypress/Tupelo forest
plots had the least (43% and 4%, respectively), and

mid-elevation Hardwood Bottomland forests were inter-

mediate (64% and 24%, respectively).

Among the more

common species in our plots, water oak (Quercus nigra
L.) and spruce pine (Pinus glabra Walt.) had the
largest percentage of individuals damaged (>93%), and
baldcypress (Taxodium distichum (L.) Rich), blackgum
(Nyssa sylvatica var. biflora (Walt.) Sarg.), water
tupelo (Nyssa aquatica L.), and Carolina ash (Fraxinus

caroliniana Mill.) had the smallest (<47%).

After two

growing seasons, spruce pine had by far the greatest
percent mortality (91%) of individuals alive at the
time of the hurricane, and water tupelo and blackgum

the lowest (1% and 3%, respectively).

The dominant

type of damage was main stem break (50% of affected

trees).

However, of the different types of damage, 70%

of uprooted trees died and only 35% of the main stem

broken trees died.

Mortality among trees with major

branch loss and bent stems has been less than 10%.
Hurricane Hugo effects were not randomly distributed

through the forest.

While other factors may be

involved, species present, and possibly community type,
influence the kinds and degree of effects.

INTRODUCTION

In recent years there has been an
increasing awareness of the role
natural perturbations play in ecosys-
tem dynamics. The concept that
nature, undisturbed by man, is main-
tained in an equilibrium condition is
being replaced with the concept that

! Paper presented at the Seventh
Biennial Silvicultural Research
‘Conference, Mobile, AL, November 17-
19, 1992.

? pirector, National Audubon Society
and Ecosystem Studies Program,
National Audubon Society, Naples,
Florida.
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ecosystems are unstable, and different
portions of them are changing at dif-
ferent rates under the influence of one
or more types of disturbance (Runkle
1982, Pickett and White 1985). Major
perturbations can in a matter of hours
or weeks produce more change in an
ecosystem than would occur during
normal everyday processes over periods
of decades or even centuries (Hook and
others 1991, Whigham and others 1991).
Documenting how these events interact
with other natural processes to produce
the earth’s varied landscapes is
critical to our understanding of how
existing ecosystems have come into
being and are likely to change in the
future.



Hurricanes represent one type of
severe perturbation that produces
major changes in natural landscapes
(Sheffield and Thompson 1992, McCollom
and Duever 1992). They are regular
visitors to the southeastern United
States, although there may be many
years between visits to any particular
area (Neumann 1987, Duever and others
In Press).

On September 22, 1989, the eye of
Hurricane Hugo, passed over National
Audubon Society’s Francis Beidler
Forest in South Carolina, which con-
tains the largest stand of old-growth
baldcypress and water tupelo in the
world (Brunswig and Winton 1978). An
average of wind speeds estimated by
Sparks of Clemson University for four
cities (Camden, Sumter, Summerville,
and Charleston) bracketing Beidler
Forest along the hurricane’s path
place estimated mean hourly wind speed
at 72 mph with gusts up to 115 mph
(Purvis and others 1990). Rainfall
associated with the hurricane was 4-5
inches (Purvis and others 1990).

The 6000 ac sanctuary contains approx-
imately 1700 ac of old-growth forested
wetlands which is one of the last rem-
nants of the undisturbed floodplain
forests that once laced the south-
eastern coastal plain. As one moves
up the approximately 5-ft topographic
and moisture gradient within the
floodplain, the major swamp forest
types include cypress-tupelo swamp on
the lowest sites, bottomland hardwood
swamp at intermediate elevations, and
a mixed hardwood-pine community on low
ridges within the swamp (Porcher
1981).

Our initial Hurricane Hugo field
studies in December 1989, included an
overflight of Four Holes Swamp to
assess damage to the forest. The
strongest impression that resulted
from this flight was of the patchiness
of the storm’s more severe effects.
This led us to formulate a series of
hypotheses as to the reasons for this
patchiness. The first was that it
resulted from random severe wind
gusts. However, if the pattern of
minor and major effects were not
random, then they must be related to
certain characteristics of these
sites. 1In this paper, we will discuss
hurricane damage to and mortality of
canopy trees among the major community
types and the more common canopy tree
species present at Four Holes Swamp.
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METHODS

Sixteen 0.5 ac plots were established
in old-growth stands of the three major
forested wetland habitats listed above.
All trees 6 in dbh or larger were
identified to species where possible,
tagged, and diameters recorded. It was
not possible to determine species for
elms (Ulmus sp.) and ashes (Fraxinus)
except for Carolina ash. Ordination
and clustering analyses of plot and
species data matrices using Cornell
Ecology Programs DECORANA, TWINSPAN,
and COMPCLUS (Duever and McCollom,
1992) were used to determine which
plots should be grouped into community
types and which species were most
closely associated with those communi-
ties.

Trees affected by the hurricane were
classified into four damage types,
listed here from most to least severe:
main stem broken, uprooting, major
branch loss (branches broken off at or
near main stem), or bent trunk. Trees
sustaining several types of damage were
assigned to the most severe type of
damage category.

Data on mortality were collected fol-
lowing the hurricane and at the end of
the first and second growing seasons
after the hurricane.

RESULTS

Damage

Sixty percent of the 1233 trees over 6
in dbh in our plots were damaged by the
hurricane (Table 1). Half of the
damaged trees were in the break cate-
gory. Uprooting and major branch loss
each represented 22% of the damage,
while bent trunks were uncommon.

The percent trees damaged at a site
generally followed the topographic and
moisture gradient, with more affected
at drier sites. The highest elevation
community, the Ridge Bottom, sustained
damage to 81% of the trees (Table 1).
Half of the tree damage was broken
boles and one third of the trees were
uprooted. This community had the
smallest proportion of damaged trees
with bent trunks or major branch loss.

Moving downslope, 64% of the Bottomland
Hardwood community trees were damaged.
Broken boles were less common in this
community than in the other two commun-
ities, representing only 43% of damaged
trees. Uprooting and major branch loss
categories each claimed one quarter of




Table 1.

Damage and Mortality in three old-growth floodplain communities from

16 plots at Beidler Forest Sanctuary, South Carolina.

No.
No. Trees
No. Trees 2 Years  _ Damage
Community Plots Before After Total Break Uprooted Branches Bent
Ridge Bottom 4 220 117 178 90 60 22 6
Bottomland Hardwood 8 612 467 393 166 95 98 34
Cypress/Tupelo 4 401 383 174 116 10 42 6
TOTAL 16 1,233 967 745 372 165 162 46
No.
No. Trees
No. Trees 2 Years  _ Mortality
Community Plots Before After Total Break Uprooted Branches Bent
Ridge Bottom 4 220 117 103 55 43 4 1
Bottomland Hardwood 8 612 34 145? 63 66 10 3
Cypress/Tupelo 4 401 383 18 11 6 1 0
TOTAL 16 1,233 967 266 129 115 15 4

! Three trees died that did not fit in any damage category.

the damaged trees. The Bottomland
Hardwood community also had the
highest proportion of bent trees, 9%
compared to 3% in the other two
communities.

At the bottom of the topographic gra-
dient, the Cypress/Tupelo community
had the lowest percent damaged trees,
44%. Two thirds of the damage to this
community was due to broken boles, the
highest proportion of any community.
This community also had virtually no
uprooting, with only 6% of the damaged
trees falling into that category.

Species responded quite differently to
the hurricane. Of the 14 most common
species (N>15), the two species which
sustained the most damage were found
mainly on the higher elevation sites.
Over 90% of the water oak and spruce
pine were damaged. The common species
found mainly in the deeper parts of
the swamp sustained the least damage.
Carolina ash, blackgum, baldcypress,
and water tupelo each had less than
50% damaged individuals (Table 2).

The two most common species, water
tupelo (N=215) and laurel ocak (Quercus
laurifolia Michx.) (N=214), sustained
47% and 66% damage, respectively.
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For most species, the most common type
of damage was broken boles. Of the
more common species, water oak, pignut
hickory (Carya glabra (Mill.) Sweet),
American hornbeam (Carpinus caroliniana
Walt.), and red maple (Acer rubrum L.)
had about equal numbers of uprooted
trees and broken boles. Swamp chestnut
oak (Quercus michauxii Nutt.) and the
elms had similar numbers of individuals
among the three most severe damage
types: broken bole, uprooting, and
major branch loss. Baldcypress had
more trees with major branch damage
than all other damage categories
combined. However, it must be
remembered that our sampling strategy
only recorded the most severe damage
for each individual. Thus, other
species that had broken or uprooted
stems could also have lost major
branches, but this information would
not have been included in our records.

Mortality

Two years after the hurricane, 78% of
the 1233 trees sampled were still alive
(Table 1). Deaths occurring
immediately after the hurricane
included 13% of all trees (N=160).
Subsequent mortality through the end of
the second post-hurricane growing sea-
son included an additional 8% (N=101).




Though broken boles were the most com-
mon type of damage and accounted for
the most mortality in terms of num-
bers, uprooting was most likely to be
fatal, with 70% of all uprooted trees
dying by the end of the second growing
season (Table 1). Mortality among
trees with either broken branches or
bent stems was less than 10%. Mor-
tality patterns in the three forested
community types followed a pattern
similar to damage along the topo-
graphic gradient. Mortality for all
trees was lowest in the deeper
Cypress/Tupelo community sites,
ranging from 1-10% in the four study
plots at the end of two growing
seasons after the hurricane (Table 1).
Midway up the topographic gradient,
the eight Bottomland Hardwood sites
had mortality between 9% and 42%.
highest mortality was at the higher
elevation Ridge Bottom sites, ranging
from 38% to 52% in the four plots.

The

Mortality was highest for trees in
the main stem broken damage category
in both the Ridge Bottom and Cypress/
Tupelo communities, while in the
Bottomland Hardwood community mor-
tality was more equally divided
between broken boles and uprooted
trees (Table 1).

Total Mortality for individual species
ranged from only 1% for water tupelo
(N=215) to 91% for spruce pine (N=43)
(Table 2). For species with >15
individuals, percent Total Mortality
was highest for species most commonly
associated with the Ridge Bottom
community, the first five species
listed in Table 2, and lowest for
species most commonly found in the
Cypress/Tupelo community, the last
four species listed in Table 2.

The two most common conifers, bald-
cypress and spruce pine, died pri-
marily of broken boles. Hardwood
mortality was generally associated
about equally with broken boles and
uprooting. However, blackgum, water
tupelo, and Carolina ash, which were
common in the Cypress/Tupelo com-
munity, had so little mortality that
it is difficult to ascribe it to any
particular type of damage. Water oak,
swamp chestnut oak, red maple, and
ashes all died primarily as a result
of uprooting. Swamp chestnut oak,
American hornbeam, and elms had a
relatively high percent mortality
associated with major branch loss.
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Two years after the hurricane, species
composition of trees equal to or
greater than 6 in dbh, viewed as the
proportion of numbers of one species to
another, was quite similar to pre-
hurricane conditions. Exceptions were
laurel oak whose numbers had decreased
from 213 to 141, and particularly
spruce pine, which had decreased from
43 to 4 live individuals.

DISCUSSION

The results of our analyses of canopy
tree damage and mortality among the
various community types and species
present in the old growth forest at
Four Holes Swamp clearly indicated that
the pattern of storm effects did not
result solely from random wind gusts.
There was a consistent pattern of more
severe damage and mortality on the
higher Ridge Bottom sites and much less
effect on the lower Cypress/Tupelo
sites. Also, the species exhibiting
the most severe effects were most
common on the higher Ridge Bottom
sites, and those with the fewest
impacts were the species that were
dominant on the lower Cypress/Tupelo
sites.

Putz and Sharitz (1991) reported that
the more severe effects of Hurricane
Hugo on trees in the Congaree Swamp
were associated with certain species
and community types. Their slough
community would be comparable with our
Cypress/Tupelo community, and, as at
Four Holes Swamp, was much less
impacted by the storm than was the
bottomland hardwood community. They
found that bottomland hardwood species
were equally prone to being uprooted or
to suffering stem breakage, whereas in
the slough sites stem breakage was more
common than uprooting. This was the
same pattern of damage that we found in
Four Holes Swamp.

Gresham and others (1991) reported that
Hurricane Hugo damage to the Hobcaw
Forest along the South Carolina coast
was largely a function of the species
present. The species most and least
affected were quite similar in our
respective studies. They reported that
baldcypress, water tupelo, and blackgum
were the least affected species, and
that pond pine (Pinus serotina Michx.),
possibly comparable to spruce pine at
Four Holes Swamp, and water and laurel
oaks were by far the most affected
species. They did note that several
other upland species, including




Table 2. Damage and mortality for dominant species from 16 plots in the old-
growth floodplain forest at Beidler Forest Sanctuary, South Carolina.

No.
No. Trees
Trees 2 Years Damage
Dominant Species (N>15)! Before After Total Break Uprooted Branches Bent
Water Oak, Quercus nigra 47 25 44 17 21 3 3
Spruce Pine, Pinus glabra 43 4 40 31 9 0 0
Pignut Hickory, Carya glabra 26 16 19 10 7 0 2
Swamp Chestnut Oak, Quercus michauxii 24 11 17 4 7 5 1
American hornbeam, Carpinus caroliniana 47 27 31 12 13 5 1
Elm (American or Winged), Ulmus sp. 62 50 41 15 12 11 3
Sweetgum, Liguidambar styraciflua 115 97 63 28 10 22 3
Red Maple, Acer rubrum 65 60 50 18 18 11 3
Laurel Oak, Quercus laurifolia 214 141 141 51 39 30 21
Ash (all sp. but water ash), Fraxinus sp. 70 54 44 25 14 5 0
Blackgum, Nyssa sylvatica var. biflora 94 91 43 29 0 11 3
Baldcypress, Taxodium distichum 136 122 63 29 2 32 0
Water Tupelo, Nyssa aguatica 215 212 100 78 1 17 4
Carolina Ash, Fraxinus caroliniana 15 14 5 5 0 0 0
TOTAL for Dominant Species Only 1,173 924 701 352 153 152 44
No.
No. Trees
Trees 2 Years _ Mortality
Dominant Species (N>15)? Before After Total Break Uprooted Branches Bent

Water Oak, Quercus nigra 47 25 22 7 15 0 0
Spruce Pine, Pinus glabra 43 4 39 30 9 0 0
Pignut Hickory, Carya glabra 26 16 10 4 5 0 1
Swamp Chestnut Oak, Quercus michauxii 24 11 13 3 7 3 0
American hornbeam, Carpinus caroliniana 47 27 20 7 8 4 1
Elm (American or Winged), Ulmus sp. 62 50 12 5 4 2 1
Sweetgum, Liquidambar styraciflua 115 97 182 7 9 1 0
Red Maple, Acer rubrum 65 60 5 1 4 0 0
Laurel Oak, Quercus laurifolia 214 141 73 35 36 1 1
Ash (all sp. but water ash), Fraxinus sp. 70 54 162 4 11 0 0
Blackgum, Nyssa sylvatica var. biflora 94 91 3 3 0 0 0
Baldcypress, Taxodium distichum 136 122 14 12 1 1 0
Water Tupelo, Nyssa aquatica 215 212 3 2 1 0 0
Carolina Ash, Fraxinus caroliniana 15 14 1 1 0 0 0
TOTAL for Dominant Species Only 1,173 924 249 121 110 12 4

! Species not listed, in order of dominance: overcup cak (Quercus lyrata Walt.), common persimmon
(Diospyros virginiana L.), redbay (Persea borbonia (L.) Spreng.), loblolly pine (Pinus taeda L.),
water-elm (Planera aguatica J. F. Gmel.), American holly (Ilex opaca Ait. var. opaca), sugarberry
(Celtis laevigata Willd.), water hickory (Carya aquatica (Michx. f.) Nutt.), cherrybark oak
(Quercus falcata var. pagodifolia Ell.), red buckeye (Aesculus pavia L.), and waterlocust
(Gleditsia aguatica Marsh.).

? One tree died that did not fit in any damage category.
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longleaf pine (Pinus palustris Mill.),
loblolly pine (Pinus taeda L.), and
live oak (Quercus virginiana Mill.),
suffered relatively little damage.
These genera at Four Holes Swamp
tended to be among the more severely
affected species, suggesting that
vulnerability to hurricane impacts is
related more to species than generic
composition.

Whigham and others (1991) also
observed a differential mortality
among dominant tree species during the
two years after Hurricane Gilbert
passed over their study sites in
Quintana Roo, Mexico. Mortality
associated with the storm varied from
1.4 - 31.3% among the different
species. More individuals died from
breaks in both Quintana Roo and Four
Holes Swamp but branch damage caused
the second most mortality in Quintana
Roo, while at Four Holes death due to
uprooting was the next most common.

If we look at percent mortality among
the damage classes by dividing the
number that died within a damage class
by the total number in that damage
class, results for the two studies are
quite similar. For Quintana Roo and
Four Holes Swamp respectively, uproot-
ing produced the highest mortality
(43%, 70%), trunks snapped produced
28% and 35% mortality, and major
branch loss resulted in only 6% and 9%
mortality. These similarities are
quite surprising given that the
species present on their tropical
sites were much different from the
temperate species we studied.

A variety of factors undoubtedly play
a significant role in determining
damage to and mortality of canopy
trees from hurricanes. Among these
factors, species present on a site
appears to have a major influence on
the kinds and degree of effects.
Community type also appears to be
closely associated with hurricane
impacts. However, it is difficult to
decide whether these effects are
intrinsically related to integrated
community characteristics or are more
a function of specific aspects of the
community, such as species present or
substrate or hydrologic characteris-
tics.
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HURRICANE HUGO EFFECTS ON MAJOR FLOODPLAIN FOREST
COMMUNITIES AT FOUR HOLES SWAMP, SOUTH CAROLINA

Michael J. Duever and Jean M. McCollom!

Abstract--We assessed effects on trees (>15 cm dbh) in
100 X 20 m plots. Results show 56-66% of trees
exhibited major effects in 3 plots (18% in another).

Of affected trees, 35-49% were killed in bottomland
hardwood plots but only 0-~10% in cypress-tupelo plots,
and 40-49% were directly affected by hurricane winds as
opposed to falling trees in 3 plots (79% in another).
Community type, soil type, and water depth were not
related to degree of site impact. Upwind sites were
more impacted than downwind sites, and sites adjacent
to a clearcut along the upwind side of the swamp were
most affected. Cypress, blackgum, sweetgum, and
hickory had the smallest number of individuals affected
(32-33%); laurel oak, red maple, elms, pines, and
overcup oak the largest (66-80%); tupelo, chestnut oak,
and ashes were intermediate (46-50%). Of affected
trees, 100% of pines were killed; tupelo gum, blackgum,
chestnut ocak, and hickory had 0-2% mortality; while for
others it was 25-36%. The dominant type of effect was
stem breakage (61% of affected trees).

Reprinted with permission from Supplemental Bulletin of the Ecological Society
of America 72(2):104. Abstracts. Dr. Allen M. Solomon, Editor, ESA Bulletin,
USEPA-ERL, 200 sw 35th st., Corvallis, OR 97330.

! National Audubon Society, Naples, FL 33964, USA.
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Michael Duever and Jean McCollom

Abstract--We assessed hurricane effects on trees (>15

cm dbh) in six 2000 m® plots. Numbers of individuals in

a plot varied from 62 to 105. Results show 53-58% of
trees exhibited major effects in four higher elevation
plots, with 18 and 66% in two lower elevation plots.

Of affected trees, 49% were killed on the highest site
(ridge bottom), 21-35% on three intermediate elevation

HURRICANE HUGO IN A SOUTH CAROLINA OLD-GROWTH
FLOODPLAIN FOREST: ENVIRONMENTAL EFFECTS

sites (bottomland hardwood), and only C-8% on the
lowest sites (cypress-tupelo). Of affected trees,
39-79% were directly affected by hurricane winds as
opposed to falling trees at the various sites.
Cypress, black gum, and sweetgum had the smallest
percentage of individuals affected (33%-37%); red
maple, pines, and overcup and chestnut oak the largest
(65-80%); and tupelo, laurel and water ocak, elms,
hickory, and ashes were intermediate (45-58%). After
one growing season, of affected trees 100% of pines
were dead; tupelo, red maple, and black gum had 0%
mortality; while for other species mortality was
20-43%. The dominant type of effect was main stem
breakage (54% of affected trees), although of the
different types of damage classes, 60% of uprooted
trees died. Impacts were related (directly) to tree
diameter and height, but not crown size. Our analyses
to date indicate that Hurricane Hugo impacts were a
function of community type, species composition, and

tree size.

Reprinted with permission from Proceedings of 19th Annual Natural Areas
Conference. Abstracts. Published by Indiana Department of Natural Resources
Division of Natural Preserves and the Natural Areas Association. Dr. David N.

Paddock, Executive Director, Natural Areas Association,
Mukwonago, WI 43149.

180 Fox Street,

! Research Ecologists, Ecosystem Research Unit, National Audubon Society,

Naples, FL 33964, USA.

82




HURRICANE DAMAGE TO AN OLD-GROWTH FLOODPLAIN

FOREST

IN THE SOUTHEAST!

Rebecca R. Sharitz, Milda R. Vaitkus and Allen E. Cook?

Abstract--The old-growth forests of the Congaree Swamp
National Monument, an 8988 ha floodplain tract in South

Carolina, were damaged by Hurricane Hugo in 1989.

The

effects of the hurricane on forest structure and species
composition were examined in ten 1.0 ha plots established
in the winter months following the storm. Trees and large
saplings (stems > 2.5 cm in diameter) were tagged and
measured, mapped, and the nature and extent of the damage
was recorded. Effects of the hurricane were greater in
bottomland hardwood forest communities (37% of trees seri-
ously damaged) than in adjacent forested sloughs (10%).
Among the hardwoods, highest damage was sustained by
several oak species (61%), especially laurel ocak (Quercus
laurifolia Michx.) and willow oak (Q. phellos L.). Broken
boles and uprooted trees were common. Extensive branch loss
occurred in sweetgum (Liquidambar styraciflua L., 24%) and
ash (Fraxinus spp., 26%). In contrast, the dominant slough
canopy trees, water tupelo (Nyssa agquatica L.) and bald-
cypress (Taxodium distichum (L.) Rich) sustained low damage
(9% and 3% of the trees). Broken boles and severe branch
loss occurred most frequently.
gaps was dominated by early-successional species in the

hardwood forests, but not in the sloughs.

Regeneration in the canopy

Thus, the struc-

ture of the bottomland hardwood forests was altered by the
hurricane, but the slough communities were not greatly

changed.

Introduction

Large-scale disturbances are important
in shaping forest community structure,
composition and successional pro-
cesses. Early European travelers in
the southeastern United States (such
as Thomas Nairne in 1708) recorded the
damaging effects of hurricanes to
forests (Moore 1988), and recent
studies of southeastern forests have
examined the influence of hurricanes
and tornadoes on stand composition and
patch dynamics (e.g. Vogel 1980,

! Paper presented at Seventh Biennial
Southern Silvicultural Research
Conference, Mobile, AL, Nov. 17-18,
1992,

? professor, Department of Botany,
University of Georgia, Athens, GA;
Research Coordinators, Savannah River
Ecology Laboratory, Aiken, ScC.

83

Glitzenstein and Harcombe 1988, Platt

and Schwartz 1990). Such storms are a
normal, although episodic, part of the
climatic regime of the South Atlantic

Coastal Plain.

On September 21-22, 1989, Hurricane
Hugo came ashore 20 km northeast of
Charleston, SC. As the storm traveled
inland, winds in excess of 155 km/hr
struck the old-growth floodplain
forests of the Congaree Swamp National
Monument, causing significant damage
(Putz and Sharitz 1991). Within the
last 110 years, four other hurricanes
as severe as Hugo were recorded in
South Carolina (Purvis 1973) and many
less severe storms have occurred.
Several of these have tracked near the
Congaree Swamp. Thus, it is likely
that the structure of this forest, as
well as other mature southeastern
forests, may have been shaped by
repeated wind-related disturbances.




We have initiated a study of long-term
forest community dynamics in the old-
growth forests of the Congaree Swamp
National Monument. Included in this
research is an examination of the
effects of Hurricane Hugo. Our objec-
tives were to evaluate the hurricane
damage to these mature forests, and to
establish a baseline for study of
forest recovery processes.

Methods

The Congaree Swamp National Monument
encompasses 8988 ha of swamps and
bottomland forests on the floodplain
of the Congaree River in .central South
Carolina. It lies within the Coastal
Plain, just southeast of the fall
line. For many years much of the
property was privately owned and was
protected from logging. In 1976, the
tract was acquired by the National
Park Service as a National Monument.
Large areas of the floodplain support
old-growth forests that show little or
no signs of logging or other recent
human disturbance.

The forests of the Congaree Swamp
National Monument are relatively
diverse. In a 1975 survey of the
vegetation, Gaddy and Smathers (1980)
reported more than 45 tree species and
distinguished 29 plant communities.
The most extensive are a variety of
mixed bottomland hardwood forests that
are found on subhydric and mesic
sites, and the baldcypress/tupelo
forests that occur in hydric sites
such as sloughs and large depressions.
They described the forests as usually
having 100% canopy coverage of old and
middle-aged trees. Because the for-
ests were allowed to grow undisturbed
on optimum soil conditions, they con-
tain an unusual number of large trees
with canopy heights of 30-50 m. A
number of state and national record
trees were reported (Gaddy 1977).

During the winter months following
Hurricane Hugo, we established ten
10,000 m* (1 ha) plots (each divided
into 25 400 m? subplots) in different
forest communities within the Monu-
ment. Six plots were located in
bottomland hardwood communities and
four in slough communities. Within
each plot, all trees (2 10 cm diameter
at breast height, dbh) were tagged,
their diameters measured, and their
locations mapped. Trees were measured
at 140 cm above ground except for
those species that develop a pro-
nounced butt swell. These were
measured 200 cm above the ground or,
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if necessary, 50 cm above the top of
the swell. In the sloughs, all sap-
lings (2.5-10 cm dbh) within each plot
were also tagged and measured. Because
of the high densities of saplings in
the bottomland hardwood communities,
only five subplots within each 1 ha
plot were sampled.

Hurricane damage to trees and saplings
was classified by type and severity.
Moderate to severe damage included loss
of major branches, bending of the stem
or bole, breakage of the bole (snap-
off, considered more severe if the
break was nearer to the ground) and
uprooting (tip-up, partial or total).
Throughout the forest, the canopy was
opened by wind-induced defoliation and
loss of small branches. This type of
mild damage was not quantified.

Percent damage by diameter size class
was examined using ANOVA in a random~
ized complete block design. The sub-
plots were used as blocks and the total
number of trees of all species in each
size class was used as a weighting fac-
tor. A least-squares means procedure,
followed by a Bonferroni contrast of
least-squares means, was used to assess
significant differences between diame-
ter size classes (Miller 1986). All
statistical analyses were performed
using the Statistical Analysis System
(SAS Institute Inc. 1989).

Seedlings and small saplings (all
individuals 0-140 cm high or >140 cm
high - <2.5 cm dbh) were examined in
two of the bottomland hardwood and two
of the slough plots. 1In each of these,
30 circular subplots (radius 3.26 m)
were established, giving a total area
sampled of 0.1 ha per plot. Seedlings
and small saplings were inventoried at
the end of the second and third growing
seasons following the hurricane; only
third year data are reported here.

Results

Pre-hurricane Forest Structure
The pre-~hurricane structure of the
forests can be inferred since the
survey included all trees judged to
have been alive at the time of the
storm. The six bottomland hardwood
plots were dominated by sweetgum in the
canopy, along with sugarberry (Celtis
laevigata Willd.), American elm (Ulmus
americana L.), ash (chiefly green ash,
Fraxinus pennsylvanica Marsh.) and oaks
(laurel oak, willow ocak, Q. phellos L.;
swamp chestnut ocak, Q. michauxii Nutt.;
cherrybark oak, Q. falcata var.
pagodifolia Ell., Shumard ocak, Q.




shumardii Buckl. and water oak, Q.
nigra L.) (Table 1). While never
achieving high densities, the oaks
were widely distributed throughout
five of the six plots. Loblolly pine
(Pinus taeda L.) was abundant in only
one of the plots. The understory was
characterized by holly (American
holly, Ilex opaca Ait.), possumhaw (I.
decidua Walt.), American hornbeam
(Carpinus caroliniana Walt.), pawpaw
(Asimina triloba (L.) Dunal.) and
abundant red maple (Acer rubrum L.)
and box elder (A. negundo L.).

Table 1. Dominant overstory and
understory species in bottomland
hardwood plots.

Density (stems/ha)

Trees' Saplings?
(z10cm dbh) (22.5-10cm dbh)

Overstor
Liquidambar

styraciflua 99.3 5.0
Celtis laevigata 32.0 20.0
Ulmus americana 25.5 4.2
Fraxinus spp. 13.8 1.7
Quercus spp. 28.7 9.2
Pinus taeda 6.8 0

Understory
Ilex opaca 111.8 130.8
Ilex decidua 7.3 207.5
Carpinus

caroliniana 53.7 65.0
Asimina triloba 1.2 116.7
Acer rubrum 14.2 15.0
Acer negundo 14.5 10.8
Other species 23.4 36.6
Total density 432.2 622.5

! based on 6 -~ 10,000m? plots
? based on 30 - 400m? subplots

Slough plots had a canopy of tupelo,
either water or swamp tupelo (N.
sylvatica var. biflora (Walt.) Sarg.),
and baldcypress (Table 2). Scattered
individuals of sweetgum were found, as
well as laurel oak and overcup oak
(Quercus lyrata L.). The understory
was chiefly red maple and Caroclina ash
(F. caroliniana Mill.). Many of the
maples, sweetgums and oaks grew on the
slough edges or on elevated microsites
that were less flooded.

Tree density was higher in the slough
plots than in the bottomland hardwood
plots, but the density of saplings was
lower in the sloughs (Tables 1 and 2).
The distribution of individuals of
different sizes in the two forest
communities also differed (Fig. 1).
The bottomland hardwood plots were
dominated by small diameter size class
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Table 2. Dominant overstory and under-
story species in slough plots.

Density (stems/ha)
Trees’ Saplings®
(210cm dbh) (22.5-10cm dbh)

overstor
Nyssa aquatica 286.0 61.5
Nyssa sylvatica

biflora 139.3 18.5
Taxodium distichum 89.5 8.0
Ligquidambar

styraciflua 20.0 21.5
Quercus spp. 14.0 12.8
Ulmus americana 3.0 4.0

Understory
Acer rubrum 26.8 32.3
Fraxinus

caroliniana 21.3 113.3
Planera aquatica 9.3 20.0
Ilex opaca 9.0 21.5
Carpinus

caroliniana 8.8 7.0
Ilex decidua 0.3 9.5
Other species 6.7 48.9
Total density 634.0 378.8

! pased on 4 ~ 10,000m* plots
2 based on 100 - 400m’ subplots

600
50d
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Figure 1. Density (stems/ha) by diame-
ter class of trees and saplings in
bottomland (BLH) and slough (SL) plots.



individuals; saplings comprised 59% of
the stems per hectare. There were
also some trees in the very large size
classes with diameters greater than 75
cm. In the sloughs, 37% of the stems
per hectare were saplings, and more
than half (54%) were in small to
intermediate size classes (10 to 50 cm
dbh). There were fewer very large
trees in the slough plots than in the
bottomland hardwood plots.

Within each forest type, size distri-
butions of the dominant canopy species
also differed. For example, in the
bottomland hardwood plots there were
many more sweetgum trees than saplings
(Table 1). In contrast, sugarberry
and the oaks had higher proportions of
saplings. There were several very
large oaks of diameters greater than
100 cm. Importantly, the loblolly
pines were all large trees with no
saplings occurring. In the slough
plots, tupelo saplings were abundant
(especially water tupelo) but there
were fewer saplings of baldcypress
(Table 2).

Hurricane Damage

Damage from the storm was more severe
in the bottomland hardwood forest
communities than in the sloughs. A
total of 36.7% of the individuals in
the bottomland hardwood plots were
moderately to severely damaged (Table
3), compared with only 10.0% of those
in the slough plots (Table 4). 1In
both forest communities, damage
increased with tree size (Fig. 2).

For example, 17% of the bottomland
hardwood saplings (2.5-10 cm dbh) were
damaged, compared with 60% of the
largest trees (>100 cm dbh). 1In
addition, the type of damage to the
hardwood species tended to be more
severe in larger individuals, many of
which were broken off near the base or
completely uprooted. In the sloughs,
damage was relatively low (5-10% of
the individuals) in all but the
largest size class (Fig. 2). Most of
the heavily damaged large trees in the
sloughs had severe branch loss or
snapped off boles.

In both forest communities, the type
of damage differed by species. 1In the
bottomland hardwood plots (Table 3),
loss of branches was the most common
form of damage to sweetgum in the
canopy (23.6% of all individuals).

Ash and elm in the canopy also lost
many branches, as did the oaks.
Between 11-18% of trees of all canopy
species were snapped off. The oaks
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Percent damage (+ /- std err)

2.5-10 10-25 25-50 50-75 75-100 >100

Diameter Size Class

Figure 2. Mean percent damage (t
standard error) by diameter size class
to trees and saplings in bottomland
hardwood (BLH) and slough (SL) plots.
Different lower case letters denote
significant (p<0.05) classes within BLH
and SL plots, based on pair-wise
comparisons.

sustained the greatest total damage
(61.2% of all individuals), chiefly due
to uprooting (28.9%) and snapping
(17.0%). Of the pines, 12.2% were
uprooted and 12.2% snapped off. Many
of the understory trees were broken
beneath damaged overstory trees. Red
maple and boxelder sustained the
greatest damage (about 25% of the stems
snapped off).

In the slough plots, effects of the
hurricane on canopy dominants was less
severe (Table 4). In the two tupelo
species, damage was 9.0-13.2%, and only
3.1% of the baldcypress were damaged.
Most of the damage was in the form of
branch loss or stem breakage. Sweet-
gums, oaks and elms tended to have
higher percentages of tip-ups. The
understory species, especially red
maple, American hornbeam and possumhaw
lost branches or were bent or snapped,
probably due to large debris falling
from the canopy.



Table 3. Percent damage to dominant overstory and understory species in bottomland
hardwood plots.

Percent Damage

; Projected
Total Branch mortal
damaged” loss Bending Snap off Tip up damage
Overstory
Liquidambar styraciflua 44.5 23.6 1.2 11.0 8.5 9.5
Celtis laevigata 31.0 9.3 3.2 11.6 5.5 4.2
Ulmus americana 39.9 12.6 0.6 18.3 7.0 7.6
Fraxinus spp. 51.8 25.6 4.7 16.3 3.5 3.5
Quercus spp. 61.2 11.0 3.3 17.0 28.9 33.4
Pinus taeda 31.7 7.3 0 12.2 12.2 12.2
Understory
Ilex opaca 23.3 4.7 6.4 6.9 4.9 4.1
Ilex decidua 32.8 7.5 11.3 12.0 1.7 7.2
Carpinus caroliniana 39.0 6.0 7.8 13.8 11.2 11.2
Asimina triloba 25.2 3.4 7.5 10.9 4.1 7.5
Acer rubrum 49.6 4.9 6.8 25.3 12.6 17.5
Acer negundo 44.0 8.0 3.0 25.0 6.0 8.0
Average for all species 36.7 10.4 5.4 12.3 7.9 8.6

* May include additional damage not shown in other columns.

Table 4. Percent damage to dominant overstory and understory species in slough
plots.

Percent Damage

Projected
Total Branch mortal
damaged” loss Bending Snap off Tip up damage
Overstory
Nyssa aquatica 9.0 3.9 0.8 4.2 0.1 0.4
Nyssa sylvatica biflora 13.2 4.7 1.9 6.2 0.2 0.5
Taxodium distichum 3.1 1.0 0 2.1 0 0.3
Liquidambar styraciflua 8.5 2.0 0.5 1.5 4.5 4.0
Quercus spp. 11.2 0 3.7 4.7 2.8 3.7
Ulmus americana 21.4 7.1 3.6 7.1 3.6 3.6
Understory
Acer rubrum 19.1 7.6 4.2 4.7 2.5 2.5
Fraxinus caroliniana 10.3 3.2 2.2 4.3 0.6 2.4
Planera aquatica 8.6 2.6 4.3 1.7 0 0
Ilex opaca 2.5 0.8 0 1.6 0 0
Carpinus caroliniana 23.8 1.6 12.7 7.9 1.6 1.6
Ilex decidua 20.5 0 5.1 10.3 5.1 5.1
Average for all species 10.0 3.4 1.8 4.1 0.7 1.2

* May include additional damage not shown in other columns.
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Projected mortality of injured trees
was based on type and severity of
damage. Trees broken off within 2 m
of the ground and those completely
uprooted were considered likely to
die. In the bottomland hardwood plots
(Table 3), the ocaks had the highest
level of projected mortality (33.4%).
Most of this mortality resulted from
uprooting. Pines also showed rela-
tively high projected mortality
(12.2%). This estimate is probably
low, since many pines snapped off
higher than 2 m will not survive.
Other overstory dominants had much
lower expected mortality (3.5-9.5%).
Although half of the ash trees in the
plots were damaged, only 3.5% are
expected to die. 1In the understory,
the most abundant species, American
holly, sustained the least expected
damage (4.1% mortality). Red maple
had the highest projected mortality
(17.5%), although this may be an over-
estimate as individuals completely
tipped up have been observed to sur-
vive if a sufficient number of roots
remain intact.

In the slough plots, estimated mor-
~tality of dominant canopy species was
low (0.3-0.5% for baldcypress and the
tupelos). Almost all of the mortality
resulted from snapped boles (Table 4).
Possumhaw had the highest projected
mortality (5.1%) of the understory
species. Only about 2.5% of the
understory dominants, red maple and
Carolina ash, are expected to die.

Forest Regeneration

An examination of the densities of
seedlings and small saplings (advance
regeneration) of the major species
gives an indication of the recovery
potential of the forest. 1In the
bottomland hardwood plots, regenera-
tion was dominated by understory
species such as pawpaw, although
American hornbeam and red maple
seedlings were also abundant (Table
5). Seedlings and small saplings of
the canopy dominant species were pres-
ent but much less abundant. There
were relatively few oak seedlings and
none of pine. Likewise, there were
few seedlings of the dominant under-
story species, American holly and
possumhaw. In contrast, in the slough
plots seedling densities were lower,
but regeneration was characterized by
the canopy and understory dominant
species (Table 6).

It appears that in the highly
disturbed bottomland hardwood forest
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Table 5. Dominant overstory and under-
story seedling and small sapling
species in bottomland hardwood plots.

Density (stems/ha)*
(0 - 140cm high,
140cm high - 2.5cm dbh)

Overstory
Liquidambar styraciflua 1,020
Celtis laevigata 1,590
Ulmus spp. 1,625
Fraxinus spp. 280
Quercus spp. 170
Pinus taeda 0

Understory
Ilex opaca 185
Ilex decidua 195
Carpinus caroliniana 3,120
Asimina triloba 10,720
Acer rubrum 2,540
Acer negundo 145
Lindera benzoin 325
Crataegus spp. 240
Ligustrum sinense 105
Other species 145
Total density 22,405

* based on 60 - 33.3m? plots

Table 6. Dominant overstory and under-
story seedling species in slough plots.

Densit¥ (stems/ha)*
(0 - 140cm high,

140cm high - 2.5cm dbh)

Qverstory

Nyssa 8pp. 770
Taxodium distichum 600
Liquidambar styraciflua 75
Quercus spp. 270
Ulmus spp. 1,415
Celtis spp. 225
Understor
Acer rubrum 5,420
Fraxinus spp. 1,380
Planera aquatica 660
Ilex opaca 5
Carpinus caroliniana 80
Ilex decidua 45
Itea virginica 820
oOther species 20
Total density 11,785

* based on 60 - 33.3m? plots

communities, the canopy gaps are becom-
ing dominated by rapidly growing suc-
cessional species, especially pawpaw.
The appropriate conditions for pine
regeneration have not been met in this
forest for some years, either before or
following the hurricane. 1In the
sloughs where damage was much less,
seedling populations are similar to the
overstory and understory composition.



Discussion

The old-growth mixed bottomland
hardwood forest communities of the
Congaree Swamp National Monument were
much more severely damaged by Hurri-
cane Hugo than were the slough com-
munities. At the time of the hurri-
cane, leaf senescence prior to
autumnal abscission was beginning for
many of the deciduous species. It is
possible that the defoliation of bald-
cypress and the defoliation and branch
loss of the tupelo trees reduced their
wind resistance. In addition, the
buttressed boles of these species may
have decreased the likelihood of
uprooting. Similarly, sweetgum, elm
and ash in the bottomland hardwood
communities were defoliated and lost
large branches but were less fre-
quently uprooted than other canopy
species that had not begun leaf
senescence. The tardily deciduous
oaks, such as laurel oak and water
oak, and the pines were the most
susceptible to windthrow. Differences
in root architecture may also be
important; although little is known
about the rooting patterns of these
floodplain species, the uprooted oaks
were observed to have been very
shallowly rooted.

Similar species responses were
observed elsewhere in the southeastern
U.S. in the path of Hurricane Hugo
(Gresham et al. 1991, Hook et al.
1991, Duever and McCollom 1992,
Sheffield and Thompson 1992).
Hobcaw Forest of eastern South
Carolina, baldcypress suffered light
crown damage, whereas laurel and water
oak were commonly uprooted or snapped
off (Gresham et al. 1991). Duever and
McCollom (1992) also reported greater
damage to oaks and pines than to bald-
cypress in the Four Holes Swamp forest
north of Charleston. Also, the great-
est damage from high winds often
occurs to the larger sized trees
(Glitzenstein and Harcombe 1888,
Gresham et al. 1991). 1In the old-
growth bottomland hardwood forest
communities of the Congaree Swamp,
however, extensive secondary damage
also occurred to small and medium-
sized stems that were crushed beneath
large overstory trees.

In the

Mortality of the overstory trees is
expected to be relatively low in the
slough communities. Less than one
percent of the baldcypress and tupelo
trees were damaged so severely that
they are likely to die. Mortality was
higher for the sweetgum, oaks and elm
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that had become established in the
sloughs. Many were growing on stumps,
logs, or other elevated microsites that
may not have served as stable rooting
substrates. The hurricane actually
reduced the diversity in the slough
communities by having a disproportion-
ally larger effect on invading bottom-
land or transitional species than on
community dominants.

In the bottomland hardwood communities,
projected mortality of canopy trees is
much greater than in the sloughs. Half
of the damaged oaks are expected to die
(33.4% of all stems). It is also
likely that none of the loblelly pines
that were snapped off or uprooted
(24.4%) will survive. The hurricane
changed the stand composition in the
bottomland hardwood communities by
reducing the presence of oaks and pine
in the overstory and also lowering the
abundance of certain understory
species, such as red maple and American
hornbeam.

It is expected that tree mortality from
the hurricane will continue as severely
damaged individuals gradually die.
Repeated sampling in the Four Holes
Swamp forest has shown this to be the
case (M. J. Duever, personal communica-
tion). Damaged trees also may be more
susceptible to insect or fungal infes-
tation or other disease. Furthermore,
since hurricanes are a normal part of
the climatic regime of the southeastern
U.S., trees weakened in one storm may
be pre-disposed to future damage. 1In
the Congaree forest, Putz and Sharitz
(1991) noted that many of the trees
damaged by Hurricane Hugo showed evi-
dence of prior mechanical damage or
disease.

Forest recovery from such disturbance
is by regrowth and sprouting of damaged
individuals, release and rapid growth
of established seedlings and saplings
(advance regeneration), and germination
and establishment of new seedlings.
Following a hurricane, light intensity .
at the forest floor should increase not
only in canopy gaps, but also beneath
surviving trees (Canham et al. 1989).
Thus, both light-demanding and shade-
tolerant species can potentially regen-
erate. In the bottomland hardwood
forests of the Congaree Swamp, the
regeneration is dominated by rapidly
growing successional species, espe-
cially pawpaw and red maple. Pre-
viously established saplings of several
of the canopy dominants, especially
sweetgum, sugarberry and elm, are also




expected to grow rapidly in the
increased light environment. Con-
versely, pine seedlings are not
expected to become established.
Although disturbances may increase the
variety of microsites for seedling
establishment (Schupp et al. 1989),
the abundant coarse woody debris in
many of the gaps may limit establish-
ment of new seedlings by shading the
forest floor and also providing struc-
ture for growth of light-demanding
vines. Thus, in the bottomland hard-
wood communities, the removal of pines
and large oaks and the invasion of
canopy gaps by early-successiocnal
species have resulted in short-term
changes in the forest composition.
Recovery of the slough communities,
where damage to the canopy trees was
generally less severe, should be
relatively rapid as a result of branch
sprouting and canopy regrowth of
damaged baldcypress and tupelo trees.
Seedling populations were similar in
composition to the canopy and sub-
canopy, and thus there is not expected
to be a major change in forest
structure in the sloughs.

Acknowledgments

This study was supported by contract
DE-AC09-76SR00-819 between the U.S.
Department of Energy and the Univer-
sity of Georgia‘’s Savannah River
Ecology Laboratory, and by contract
agreement CA-5000-9-8020, #10 with the
University of Georgia and the U. S,
Department of Interior National Park
Service. We thank the many individuals
who worked with us on this study,
especially R. H. Jones and N. Pedersen
of Auburn University who collected the
seedling data, F.E. Putz of the
University of Florida who participated
in the initial design, and R. A. Clark
of the Congaree Swamp National Monu-
ment who assisted with local proce-
dures. We appreciate the comments of
K.W. McLeod and A.F. Schnabel on this
manuscript.

Literature Cited

Canhan, C.D.; Denslow, J.S.; Platt,
W.J.; Runkle, J.R.; Spies, T.A.;
White, P.S. 1989. Light regimes
beneath closed canopies and tree-fall
gaps in temperate and tropical
forests. Canadian Journal of Forest
Research 20:620-631.

90

Duever, M.J.; McCollom, J.M. 1992.
Hurricane Hugo effects on old-growth
floodplain forest communities at Four
Holes Swamp, South Carolina. p. 29,
In: Seventh Biennial Southern Silvicul-
tural Research Conference Abstracts;
1992 November 17-18; Mobile, AL.

Gaddy, L.L. 1977. Notes on the flora of
the Congaree River flood-plain,
Richland County, South Carolina.
Castanea 42:103-106.

Gaddy, L.L.; Smathers, G.A. 1980. The
vegetation of the Congaree Swamp
National Monument. Verdff. Geobot.
Inst. ETH. Stiftung Riibel, ziirich 69.
Heft (1980). 171-182.

Glitzenstein, J.S.; Harcombe, P.A.
1988. Effects of the December 1983
tornado on forest vegetation of the Big
Thicket, Southeast Texas, U.S.A. Forest
Ecology and Management 25:269-290.

Gresham, C.A.; Williams, T.M.;
Lipscomb, D.J. 1991. Hurricane Hugo
wind damage to southeastern U.S.
coastal forest tree species.
Biotropica 23:420-426.

Hook, D.D.; Buford, M.A.; Williams,
T.M. 1991. Impact of Hurricane Hugo on
the South Carolina coastal plain
forest. Journal of Coastal Research,
Special Issue 8:291-300.

Miller, R.G. 1986. Beyond ANOVA: basics
of applied statistics. New York, NY:
John Wiley and Sons. 317 p.

Moore, A. 1988. (ed.). Nairne’'s
Muskhogean Journals. The 1708
Expedition to the Mississippi River.
Jackson, MS: University Press of
Mississippi. 92 p.

Platt, W.J.; Schwartz, M.W. 1990.
Temperate hardwood forests. pp. 194~
229. In: Myers, R.; Ewel, J. (eds);
Ecosystems of Florida. Orlando, FL:
University of Central Florida Press.
765 p.

Purvis, J.C. 1973. Hurricanes.
Columbia, SC: Disaster Preparedness
Agency. 52 p.

Putz, F.E.; Sharitz, R.R. 1991.
Hurricane damage to old-growth forest
in Congaree Swamp National Monument,
South Carolina, U.S.A. Canadian Journal
of Forest Research 21:1765-1770.




SAS Institute, Inc. 1989. SAS/STAT
User’s Guide, Version 6, Fourth Edi-
tion, Volume 2, Cary, NC: SAS Insti-
tute Inc. 846 p.

Schupp, E.W.; Howe, H.F.; Augsburger,
C.K.; Levey, D.J. 1989. Arrival and
survival in tropical treefall gaps.
Ecology 70:562-564.

Ssheffield, R.M.; Thompson, M.T.
Hurricane Hugo. Effects on South
Carolina’s Forest Resource. USDA
Forest Service, Research Paper SE-284.
51 p.

1992.

91

Vogel, R.J. 1980. The ecological
factors that produce perturbation-
dependent ecosystems. pp. 63-94. In:
Cairns, J. Jr. (ed.). The Recovery
Process in Damaged Ecosystems. Ann
Arbor, MI: Ann Arbor Science. 167 p.

Reprinted with permission from
Proceedings of the Seventh Biennial
Southern Silvicultural Research
Conference, Mobile, AL, Nov. 17-19,
1992. Published by the USDA For. Serv.
SFES Gen. Tech. Rep. S0-93, July 1993,
p. 203-210.




HURRICANE DAMAGE TO OLD-GROWTH FOREST

IN

CONGAREE SWAMP NATIONAL MONUMENT,

SOUTH CAROLINA,

Francis E.

Putz and Rebecca R.

U.s.A.!

Sharitz?

Abstract--Hurricane Hugo caused much damage to the old-
growth forests of the Congaree Swamp National Monument, but
most of the damage to trees >20 cm dbh consisted of crown

breakage and defoliation.

Serious damage (>25% of crown

lost, snapped trunk, or uprooted) was more common in mixed
bottomland forest (49% of trees seriously damaged) than in
adjacent sloughs dominated by Taxodium distichum (L.) L.C.

Rich. and Nyssa aquatica L.

aged).

(19% of trees seriously dam-
Of the trees >20 cm dbh, about 12% were uprooted in

the bottomland forest, whereas only 2% were uprooted in

sloughs.

The storm reduced diversity in sloughs because

most trees of species characteristic of better drained
sites, and especially those rooted on nurse logs and other

unstable elevated microsites, were uprooted.

Dynamics of

the entire forest were greatly influenced by the capacity
of most tree species to recover vegetatively after suffer-

ing even severe crown and stem damage.

Trees with

resprouted crowns, however, were particularly likely to be
broken, presumably owing to the presence of stem rots and
architecturally unsound branching patterns.

INTRODUCTION

Hurricanes and other large-scale
disturbances strongly influence the
structure, composition, and succes-
sional processes of many forests (Lugo
and others 1983; Runkle 1985; Webb
1988; Boucher 1990). Such disturb-
ances often set back succession by
providing regeneration opportunities
for early successional species
(Clements 1916). Several recent
studies have shown, however, that
disturbance may also accelerate
succession by damaging pioneer trees
in the canopy and releasing the
advanced regeneration of later

! putz, F. E., and sharitz, R. R.
1991. Hurricane damage to old-growth
forest in Congaree Swamp National
Monument, South Carolina, U.S.A. Can.
J. For. Res. 21:1765-1770.

? pepartment of Botany, University of
Florida, Gainesville, FL 32611-2009,
U.S.A.; Ssavannah River Ecology
Laboratory, Drawer E, Aiken, SC 29809,
U.S.A.
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successional species (Abrams and Scott
1989; Veblen and others 1989). In
either case, disturbances, especially
those that are spatially heterogeneous
in intensity, often contribute to the
maintenance of species diversity by
providing a diversity of regeneration
opportunities (Grubb 1977).

On September 21, 1989, winds in excess
of 155 km/h from Hurricane Hugo struck
the old-growth bottomland hardwood and
the Taxodium distichum (L.) L.C. Rich.
and Nyssa aquatica L. (cypress tupelo)
dominated swamp forest in the Congaree
Swamp National Monument. Several days
after the storm we conducted a census
to evaluate the effect of Hurricane
Hugo on forest structure and species
composition in one of the largest
tracts of old-growth forest in eastern
North America. In this paper, we con-
trast the storm’s impacts on old-growth
bottomland forest and adjacent forested
sloughs and focus on the frequency and
type of damage suffered by canopy trees
of different species.




STUDY SITE AND METHODS

The Congaree Swamp National Monument
encompasses 6125 ha of swamps and
bottomland forests on the floodplain
of the Congaree River in central South
Carolina. Much of the Monument is
old-growth forest with no signs of
human disturbance for at least 100
years and numerous record-size trees
(Gaddy 1977, Gaddy and Smathers 1980).
The vegetation is extremely diverse
and includes extensive areas of mixed
bottomland hardwoods with the follow-
ing common tree species (nomenclature
follows Radford and others 1968):
Liquidambar styraciflua L. (sweetgum),
Celtis laevigata Nutt. (hackberry),
Ilex opaca Ait. (American holly),
Carpinus caroliniana Walt. (American
hornbeam), and Fraxinus pennsylvanica
Marsh. (red ash). Pinus taeda L.
(loblolly pine) is locally dominant in
a few bottomland areas in the Monu-
ment. Also common in slightly lower

elevation areas are forested sloughs
dominated by N. aquatica (water
tupelo) and T. distichum (bald
cypress), with scattered Carya

(water

(red maple),
(water

aquatica (Michx. f) Nutt.
hickory), Acer rubrum L.
and Planera aguatica J.F. Gmel.
elm). The sloughs are inundated

United States

several months per year, whereas the
bottomlands flood only occasionally.

To assess damage attributable to
Hurricane Hugo, we censused trees >20
cm dbh (diameter at 1.4 m or above
buttresses and butt swell) in 0.2-ha
(20 x 100 m) plots in old-growth
bottomland forest and forested sloughs
throughout the Monument (Figure 1).
Plots were located by selecting a place
on a reserve map on the basis of
accessibility, determining if the area
was large enough to include an entire
slough or bottomland forest plot, and
selecting one plot corner in a hap-
hazard fashion. Sampling was com-
pleted within 10 days after the storm.
Twenty-one plots were censused (total
area = 4.2 ha), 12 in bottomland forest
and 9 in forested sloughs. To increase
the accuracy of damage estimates for
the less abundant slough species, we
censused all trees other than N.
aquatica and T. distichum in five
additional sloughs. Additionally, we
increased the sample size for P. taeda
trees to 100 by censusing all trees >20
cm dbh of this species within 20 m of
the boardwalk through the central
portion of the Monument.

Figure 1--The Congaree Swamp National Monument indicating the locations of the

sample plots with black boxes.
Atlantic Ocean.
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The monument is approximately 145 km from the



Each tree was identified to species,
measured for dbh, and clasgsified as
one of the following: having suffered
no serious damage (e.g., only defoli-
ated), uprooted, partially uprooted,
trunk snapped below the lowermcst live
branch, or having lost major portions
of its crown (25-50% and 50%). We
also noted whether the trees showed
obvious signs of having suffered
previous damage, presence of heart
rot, and height of stem breakage.
Indications that a tree had suffered
but recovered from serious mechanical
damage prior to Hurricane Hugo
included the presence of broken stem
remains and abrupt irregularities in
stem shape, criteria identical with
those used by Putz and Brokaw (1989).

The relationships between different
types of damage and tree size (dbh),
tree species, prior damage, and habi-
tat were determined by log likelihood
ratio analyses of data from the 0.2-ha
plots (G-tests with Williams’ correc-
tion; sokal and Rohlf 1981). Owing to
the small numbers of damaged trees in
some plots, analysis was based on
combined data from all plots in a
vegetation type.

RESULTS

Forested Sloughs

Although Hurricane Hugo caused sub-
stantial losses of leaves and small
branches, only about 19% of the trees
in forested sloughs suffered serious
damage (>25% crown loss; Table 1).
Uprooting was particularly uncommon in
the sloughs. This was surprising
since trees in swamps are generally
thought to be prone to uprooting due
to their shallow root systems and low
soil shear strength (Schaetzl and

others 1989). Although there were 25
uprooted trees in nine slough plots,
none were of the dominant species T.
distichum or N. aquatica. Further-
more, during the 8 days of field
surveys we observed only cne uprooted
T. distichum anywhere in the Monument.
There were no clear relationships
between type of damage and tree size
(Table 2), but trees with obvious signs
of having suffered but recovered from
previous stem breakage had a high
probability of being damaged during
Hurricane Hugo (Table 3).

Hurricane Hugo reduced canopy tree
diversity in Taxodium-Nyssa sloughs by
uprooting a disproportionately high
number of trees of species other than
the dominants (Table 4). None of the
104 T. distichum or 404 N. aquatica
trees in the plots were uprooted. Of
the few uprooted trees in sloughs, most
were members of species characteristic
of slough margins and other higher
elevation and better drained sites.
Most species that occurred in both
sloughs and bottomland forest suffered
higher incidences of uprooting in the
sloughs (Table 4). About half of the
uprooted trees in sloughs were clearly
rooted on fallen logs, tip-up mounds
from previously uprooted trees, or
other elevated and mechanically
unstable microsites. This was
particularly true for A. rubrum trees,
many of which were uprooted or leaning
over due presumably to shifting of the
nurse logs on which they often perched.

Bottomland Forest

Among-plot variation in tree density
and in the proportion of damaged trees
were very large in the bottomland hard-~
woods. Densities of trees >20 cm dbh

Table l--Damage suffered by trees during Hurricane Hugo in 0.2-ha (20 X 100 m)

plots in forested sloughs.

Plot No.

1 2 3 4 5 6 7 8 9 Total®
Total no. of trees >20 c¢m dbh 21 83 83 81 89 63 51 67 120 658
Total no. of trees seriously damaged 6 11 26 22 11 19 8 11 11 125(19.0)
No. of uprooted trees 0 1 2 2 0 6 0 0 1 12( 1.8)
No. of partially uprooted trees 0 1 7 3 1 1 0 0 0 13( 2.0)
No. of snapped trees 6 1 9 7 6 5 0 6 3 43( 6.5)
No. of trees with >50% crown loss 0 4 6 3 0 1 1 2 1 18( 2.7)
No. of trees with 25-50% crown loss 0 4 2 7 4 6 7 3 6 39( 5.9)
NOTE: Trees were considered seriously damaged if they lost more than 25% of their crown.

Plots were in the southeastern (plots 1-6) and central (plots 7-9) portions of the Congaree

Swamp National Monument.

* Percentages of total are noted in parentheses.




Table 2--Number of trees that snapped, uprooted (including trees partially
uprooted), suffered substantial crown damage, or remained relatively undamaged (but

may have suffered defoliation) during Hurricane Hugo.

dbh Snapped Uprooted Crown loss >25% Undamaged

Forested sloughs

20-40 cm 18( 5.9) 14( 4.6) 21( 6.9) 251(82.6)

40-80 cm 23( 7.5) 9( 2.9) 30( 9.7) 246(79.9)

>80 cm 2( 4.3) 2( 4.3) 5(10.9) 37(80.7)

P ns ns ns ns
Bottomland forest

20-40 cm 56(18.7) 41(13.7) 39(13.0) 164(54.7)

40-80 cm 31(17.0) 31(17.0) 39(21.4) 81(44.5)

>80 cm 3( 8.3) 2( 5.6) 11(30.6) 20(55.6)

P ns <0.001 <0.01 <0.01

NOTE: Data are from nine 0.2-ha plots in forested sloughs and twelve 0.2-ha plots
in bottomland forest in the Congaree Swamp National Monument. Percentages of all
trees in a size class are noted in parentheses. Probabilities that the incidence
of damage varied with tree size class are based on log likelihood ratio tests.

Table 3--Incidence of serious damage in 0.2-ha plots to trees >20 cm dbh that
either showed signs or showed no clear sign of having suffered serious damage prior
to Hurricane Hugo in Taxodium-Nyssa sloughs and bottomland hardwoods.

No. of trees No. of trees
seriously damaged not seriously damaged

Slough trees

Previously damaged 52(28) 135(72)

Not previously damaged 73(16) 398(84)
P <0.001
Bottomland hardwoods

Previously damaged 88(71) 35(29)

Not previocusly damaged 129(41) 185(59)
P <0.001

NOTE: Probabilities are based on log likelihood ratio tests. Percentages of all

trees in a damage class are noted in parentheses.
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Table 4--Uprooting frequencies for trees >20 cm dbh growing in forested sloughs and

bottomland forests.

Sloughs, Bottomland,
frequency frequency
(uprooted/total) P (uprooted/total)
Liquidambar styraciflua 6/13 <0.05 17/123
Acer rubrum 10/27 <0.05 2/23
Fraxinus pennsylvanica 4/29 ns 2/41
Carya aquatica 3/5 ns 2/11
Ulmus americana 3/8 ns 6/26
Populus heterophylla* 9/13 0/1
Platanus occidentalis*® 6/8 0/1
Quercus falcata
var. pagodifolia* 4/7 -—

NOTE: Probabilities are based on tests.

Slough data from the 0.2-ha plots were

augmented by a census of five additional sloughs.
* Sample sizes too small for statistical analysis.

ranged from 34 to 64/0.2 ha, and the
proportion of uprooted and snapped
trees ranged from 4 to 50%. This
extreme heterogeneity was undoubtably
due in part to the specific (but
unknown) paths of Hurricane Hugo and
was presumably also influenced by
stand structure and history of
previous damage.

Approximately half of the trees in the
bottomland plots suffered serious
damage, but only about 30% were
uprooted or snapped (Table 5). Trees
in bottomland forests seem equally
prone to being uprooted and to suffer-
ing stem breakage. Among large trees
(>80 cm dbh), the incidences of snap-
ping and uprooting were low but
serious crown damage was common (Table
2); apparently a tree that loses a
large portion of its crown is unlikely
to suffer more serious damage. Alter-
natively, trees that resist windthrow
may therefore be likely to receive
heavy damage to their crowns. Many of
the large trees appeared to have sus-
tained, but recovered from, substan-
tial damage prior to Hurricane Hugo.
Trees that had recovered from serious
damage prior to Hurricane Hugo suf-
fered a very high probability of
sustaining damage during the Hurricane
{(Table 3). The major short-~term
effect of Hurricane Hugo in bottomland
hardwood forest, as in sloughs, was
loss of much foliage and many small
branches.
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Pinus taeda in Bottomland Forest
Of the 100 P. taeda trees >20 cm dbh
censused, only 46 escaped serious
damage from Hurricane Hugo (Table 6).
Uprooting and snapping were about
equally common (21 and 28 trees,
respectively). Most of the broken
(snapped) trees had heart rot, but we
suspect that many of the undamaged and
uprooted trees were likewise infected.
Damage to trees was severe in areas
where P. taeda trees were common.
seemed mostly because when large P.
taeda trees were either uprooted or
snapped, they caused a great deal of
damage to their neighbors.

This

DISCUSSION

Forests of the Congaree Swamp National
Monument were severely disturbed by
Hurricane Hugo, but the type and extent
of tree damage varied with forest type.
Throughout the area the canopy was
opened by wind-induced defoliation;
since this occurred only a few weeks
prior to normal autumnal leaf abscis-
sion, the immediate deleterious effects
on tree vigor were probably minor.
Trees in bottomland forests, particu-
larly where there were large indivi-
duals of P. taeda, often suffered much
more serious damage. About half of the
bottomland trees were uprooted,
snapped, or had lost a substantial
number of large branches. This con-
trasts markedly with the slightly more
low-lying and poorly drained sloughs,
where uprooting was particularly rare.




Table 5--Tree damage in bottomland hardwood forests of the Congaree Swamp National

Monument attributable to Hurricane Hugo.

Plot No.
1 2 3 4 5 6 7 8% 9 16 11 12 Total®

Total no. of trees >20 cm dbh 37 41 50 38 36 34 38 64 49 51 37 44 519

Total no. of trees seriously damaged 18 22 26 18 20 31 14 40 4 24 10 24 253(48.7)
No. of uprooted trees 3 2 5 2 5 11 0 17 1 4 3 11 64(12.3)
No. of partially uprooted trees 3 1 2 0 1 1 0 0 0 0 0 0 10( 1.9)
No. of snapped trees 6 12 9 7 6 4 5 15 1 7 7 11 90(17.4)
No. of trees with >50% crown loss 2 2 2 4 4 5 3 5 0 6 0 0 33( 6.4)
No. of trees with 25-50% crown loss 4 5 8 5 4 10 6 3 2 7 0 2 56(10.8)

NOTE:
and central portions of the Monument (plots 7-12).
considered to be seriously damaged.

The plots were each 0.2 ha (20 x 100 m) and were located in the southeastern portion (plots 1-6)

Trees that lost more than 25% of their crowns were

* plot 8 contained seven snapped and three uprooted Pinus taeda.

b percentages of total are noted in parentheses.

Table 6--Damage suffered by Pinus taeda >20 cm dbh in the Congaree Swamp National

Monument during Hurricane Hugo.

No. of No. of No. of trees ©No. of trees No. of trees
Total no. snapped uprooted with 25-50% with >50% with no serious

dbh (cm) of trees trees trees crown loss crown loss damage
40-60 4 2 1 0 0 1

60-80 24 8 9 1 1 5

80-100 55 15 10 1 0 29

>100 17 3 1 1 1 11

Total 100 28 21 3 2 46

NOTE: No Pinus taeda trees 20-40 cm dbh were encountered.

To some extent the differences can be
attributed to characteristics of the
dominants of the latter, T. distichum
and N. aquatica. Trees in sloughs
might also have been sheltered from
the wind by the surrounding forest,
but the elevational range was
generally <1 m. Furthermore, the tops
of the crowns of many slough trees
were often level with or higher than
the canopy of the adjacent bottomland
forest.

Observations of T. distichum rooting
patterns in Florida revealed that the
trees often develop several "sinker”
roots that penetrate to greater depths
than the rest of the root system (K.
Ewel, personal communication). The
root system ball of the one uprooted
T. distichum tree we encountered
exposed numerous downward growing
roots at a depth of about 1 m. Such a
root system may effectively anchor T.
distichum trees in the frequently
inundated soils of the sloughs and
thus account for their persistence
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during strong winds. Uprooting and
trunk snapping of 7. distichum may be
rare because the large trees have
strong wood and because T. distichum
trees normally display little leaf area
relative to trunk diameter (Brown 1981)
and thus have low wind resistance.

Defoliation and crown breakage by wind
may in part account for the infre-
quency of uprooting and snapping of
weak-wooded species such N. aguatica.
After a tree loses leaves and branches,
its wind resistance is substantially
decreased and the probability of more
serious damage is reduced. Although we
did not conduct a gquantitative survey,
defoliation appeared to be particularly
severe in N. aquatica.

In contrast with the dominant slough
species, many of the rarer tree species
in this community suffered dispropor-
tionately high probabilities of being
uprooted during Hurricane Hugo. The
reasons for this phenomenon undoubtedly
vary from species to species, but




overall it suggests that by growing in
sloughs the trees had exceeded the
bounds of their ecological tolerance
range. For several decades prior to
Hurricane Hugo, however, these colon-
izers from better drained habitats
survived in the sloughs by rooting on
elevated microsites, like nurse logs
and tip-up mounds. When confronted
with mechanical stresses of the magni-
tude imposed by the storm, their root
systems or the substratum upon which
they were perched proved unequal to
the task of providing structural
support. A consequence of the concen-
tration of damage on species other
than 7. distichum and N. agquatica is
that canopy diversity was reduced and
dominance by these two species was
increased by Hurricane Hugo. In T.
distichum dominated swamps elsewhere
in southeastern United States, domi-
nance is maintained in part by
occasional fires that disproportion-~
ately damage the rarer species (Ewel
and Mitsch 1978).

A large proportion of trees in the
Congaree Swamp National Monument had
obviously suffered severe mechanical
damage prior to Hurricane Hugo (Table
3). Damage and subsequent recovery
was evident in the crown and bole
structure of many trees, particularly
in the larger N. aguatica. Previous
mechanical damage is likely to have
contributed to the incidence and
severity of attack by heartrot fungi;
trees with heart rot are very suscep-
tible to further damage even if the
crown resprouts. Susceptibility to
damage is also increased if resprouted
branches form v-shaped crotches with
entrapped bark or other architec-
turally unsound crown morphologies.

To the extent that trees that cause
canopy gaps resprout and close the
openings they created, frequencies of
canopy tree replacement are reduced.
Heightened probabilities of repeated
canopy-opening events near previously
broken but recovered trees, however,
may be reflected in the distribution
and growth of understory species.
Although breakage and resprouting
seems to be a major process in the
dynamics of other forests (Foster
1988, Webb 1988, Putz and Brokaw 1989,
Boucher 1990), this is the first
report of a positive feedback mecha-
nism enhancing the likelihood of
repeated damage and recovery. In
complete contrast, however, resprout-
ing does not occur in Rhizophora
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apiculata Blume dominated mangrove
forests in southeast Asia, where even
minor mechanical damage leads to tree
death within 10-15 years (Putz and Chan
1986).

Among commercial tree species in North
America, both T. distichum and N.
aguatica are rated by foresters as
relatively resistant to hurricane
damage (Barry and others 1982). Along
with Sabal palmetto Lodd. ex J.S.
Shult. & J.H. Shult. (palm cabbage) and
Quercus virginiana Mill. (live oak), T.
distichum is ranked as highly resistant
to uprooting and breakage. Nyssa
agquatica is considered to be less
resistant than T. distichum but is
ranked as less prone to uprooting and
breakage than are most Quercus spp.,
Pinus spp., and Carya spp. Observa-
tions in forested areas elsewhere on
the South Carolina coastal plain
(Francis Marion Forest and Santee
Experimental Forest) have also revealed
far more extensive damage to forest
dominated by Pinus spp. and Quercus
spp. than to stands of Taxodium and
Nyssa (personal observation).

In the absence of fire, even the exten-
sive damage of Hurricane Hugo to
bottomland forests may not be followed
by substantial P. taeda regeneration in
the Congaree Swamp National Monument
(Hough and Forbes 1943, Glitzenstein
and others 1986, Foster 1988). 1In the
area dominated by large P. taeda trees,
there were few individuals <40 cm dbh.
Trees that survived the storm will
probably be subjected to severe attack
by beetles that will breed in the
downed timber and in damaged but
standing trees. Annual ring counts of
three fallen P. taeda trees (90, 101,
and 113 cm dbh) were about 156, 157,
and 180 years old, respectively, and
grew extremely slowly (<1 mm/year)
during the last 20 years. This
suggests that conditions were suitable
for P. taeda recruitment during the
mid-1800s but have deteriorated
subsequently. The understory of
Arundinaria gigantea (Walter) Muhl.
(switchcane), vines, shrubs, and small
broad-leaved trees is likely to
increase in density where the canopy
was radically opened by Hurricane Hugo.
Furthermore, thick mats of litter and
organic matter still cover the ground,
except where mineral soil was exposed
by uprooted trees. Fire is a distinct
possibility, however, especially now
with heavy fuel loads in much of the
bottomland forest.




It became evident in the course of our
damage survey that the forests of the
Congaree Swamp National Monument have
suffered severe storms several times
during the last few decades. We
expect that in response to Hurricane
Hugo and other storms, changes in tree
species composition will be buffered
by the capacity of hardwoods to
resprout even after suffering severe
damage. In sloughs, storms such as
Hurricane Hugo reduce canopy tree
species diversity and foster the
dominance of T. distichum and N.
aguatica by uprooting trees of other
species. Because of the suscepti-
bility of resprouted trees to wood-
rotting organisms and further
mechanical damage, the effects of
Hurricane Hugo will be evident for
many decades. These long-term effects
will be concentrated in areas where
trees have vegetatively recovered from
severe mechanical damage.
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HURRICANE DAMAGE TO THE CANOPY SPECIES OF
A 24-YEAR-OLD SEED TREE REGENERATION
EXPERIMENT IN A NON-ALLUVIAL SWAMP

David L. Gartner, Donal D. Hook, and Marilyn A. Buford!

Abstract--In the mid 1960's a 500-acre non-alluvial swamp
on the Francis Marion National Forest in South Carolina
was experimentally regenerated. The five treatments
were: 1) clearcut, 2) leave 15 seed trees per acre, 3)
leave 30 seed trees per acre, 4) leave 90 seed trees per
acre, and 5) an uncut control. All seed trees were
approximately 90-year-old swamp tupelo (Nyssa sylvatica
var biflora) and averaged 14 inches in diameter at breast
height.

On September 21, 1989, the area was hit by Hurricane
Hugo, and was within the high impact zone (Hook and
others, 1991). 1In the winter of 1992, data were
collected from the study area to determine if the stands
resulting from the various harvesting treatments were
impacted differently by the hurricane.

Of the five main tree species, loblolly pine (Pinus taeda
L.) received the most damage, followed by swamp tupelo,
red maple (Acer rubrum), sweetbay (Magnolia virginiana),
and bald cypress (Taxodium distichum) in decreasing order
of damage. Most of the damage to swamp tupelo, red
maple, sweetbay, and bald cypress was bent stems, with
some broken stems. Loblolly pine stems were primarily
broken or uprooted resulting in greater than 50 percent
direct mortality for this species.

Hurricane damage differed significantly from that of the
uncut control treatment for only a few treatment species
combinations. The results followed two general patterns:
1) for bald cypress, red maple, swamp tupelo, and
sweetbay, the harvested treatments had a higher
percentage of stems in the Bent category than the uncut
control, and 2) for loblolly pine, the harvested
treatments had a higher percentage of stems in the
Broken, Uprooted, and Dead categories than the uncut
control.

! Mathematical Statistician, Southeastern Forest Experiment Station, Forest
Service, U.S. Department of Agriculture, Charleston, SC; Professor of Forestry,
Clemson University, Clemson, SC; and Research Forester, Southeastern Forest
Experiment Station, Forest Service, U.S. Department of Agriculture, Research
Triangle Park, NC.
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INTRODUCTION

A seed tree regeneration experiment
was established in 1963 in a 500-acre
non-alluvial swamp on the Francis
Marion National Forest in South
Carolina. The area is known as Blue-
bird swamp. The study area was an
approximately 90-year-old even-aged
stand of swamp tupelo (Nyssa sylvatica
var biflora) and bald cypress
{Taxodium distichum). The stand
contained 245 stems per acre that were
5 inches or greater in diameter, and
averaged 168 square feet of basal area
per acre in 1963. The Bayboro soil
series (clayey, mixed, thermic Umbric
Paleaquults) covers the entire site
and is listed as hydric soil (USDA
Soil Conservation Service, 1991).

The study was designed as a randomized
complete block with three blocks and
five treatments. The five treatments
were: clearcut, leave 15 seed trees
per acre, leave 30 seed trees per
acre, leave 90 seed trees per acre,
and an uncut control. All seed trees
were swamp tupelo and were spaced as
evenly as possible within the treat-
ment area. Fifteen 4.9-acre plots
were laid out in the swamp during the
summer of 1963. Block 1 was located
above a logging access road that was
built across the swamp in the fall of
1965 and Blocks 2 and 3 were located
below the road. Block 1 was harvested
during the dormant season of 1965-66,
Block 2 in 1966-67, and Block 3 in
1967-68. The harvest was done under a
regular USDA Forest Service contract
and rubber-tired skidders were used to
log the area. During the growing
season prior to each harvest, all
plots of each block were mist-blown
with 2,4,5-T to kill a heavy under-
story. Larger undesirable trees were
poisoned by injecting them with
2,4,5-T. Following logging, swamp
tupelo stumps were sprayed with a 1:30
solution of the 2,4,5-T esters and
diesel cil to prevent sprouting
(DeBell and Auld, 1971).

On September 21, 1989, the area was
hit by Hurricane Hugo, and was within
the high impact zone (Hook and others,
1891). The pre-Hugo average basal
area across all plots, including
remnant seed trees, was approximately
115 square feet per acre (range 106.1
- 126.7). The basal area, exclusive
of remnant seed trees, ranged from 110
square feet per acre in the clearcut
plots to 27.5 square feet in the
control plots. Swamp tupelo and red
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maple (Acer rubrum) dominated the
regeneration in terms of number of
stems. In the harvested treatments,
loblolly pine (Pinus taeda L.) con~
tributed a major portion (at least 30
percent) of the basal area. See Hook
and others (in press) for a more
detailed description of the stand.

OBJECTIVES

We report on the treatment differences
in the amount and type of hurricane
damage received by the major tree
species.

METHODS

In the summer of 1992, three 0.l-acre
circular plots were randomly estab-
lished within the central one-acre area
of each original treatment plot for a
total of 45 plots. For all stems 4.5
feet and taller, species and diameter
at breast height (dbh) were recorded.
Hurricane damage was documented for
each stem as to whether it was bent,
broken, uprooted, and/or dead. All
blown down or broken loblolly pine
stems were measured at breast height
and recorded as dead in each plot. The
damage classes are not mutually exclu-
sive, so some stems were recorded in
more than one damage class. The per-
cent of stems in each damage class was
calculated for each species from the
sums of the data from the three sub-
plots at the treatment plot level.
These percentages were then analyzed by
an ANOVA.

There was no apparent regeneration
between Hurricane Hugo and when the
measurements were taken except sprouts
from bent and broken stems. These
sprouts were removed from the data set
for this analysis.

RESULTS

Effects of Species

Of the five main canopy tree species,
swamp tupelo had the highest percentage
of damaged stems with 73.5 percent.
Loblelly pine had the second highest
percentage with 63.5 percent. Red
maple (Acer rubrum) had only 49.0
percent damaged stems. Sweetbay
(Magnolia virginiana) had 32.6 percent
damaged stems. Bald cypress received
the least damage with 20.7 percent
damaged stems. Bald cypress, red
maple, swamp tupelo, and sweetbay
reacted similarly in that the damage
consisted primarily of bent stems with
some broken stems (Table 1). The
damage to loblolly pine consisted




Table l--Percent of stems damaged.

Species All Damage Bent Broken Uprooted Dead
Swamp Tupelo 73.5a 56.9a 22.5a 0.1b 0.1b
Red Maple 49.0ab 45.2a 4.3b 1.2b 0.2b
Sweetbay 37.6bc 36.7ab 1.3b 0.0b 0.0b
Bald Cypress 20.7c 18.2bc 2.5b 0.0b 0.0b
Loblolly Pine 63.5ab 14.6¢ 23.1a 29.2a 51.5a

Letters indicate species that are not significantly different from each other
within a damage category using Tukey’s procedure (Steel and Torrie, 1980).

primarily of uprooted and broken stems
which caused a much higher direct
mortality rate than observed for any
other species. The ranking of species
by the amount of damage received
follows the ranking by Barry and
others (1982) as shown in Table 2.

Table 2--Ranking of species from least
to most susceptible to hurricane
damage.

Bluebird Swamp Barry and Others (1982)

Bald Cypress Bald Cypress

Sweetbay Sweetbay
Red Maple Loblolly Pine
Swamp Tupelo Red Maple

Loblolly Pine

Because the hardwood stems resprout
and cypress stems suffered little
damage, the hurricane will probably
not affect the hardwood and cypress
composition of the stand. However,
there probably will be a large
reduction in the proportion of
loblolly pine in the regenerating
stand, as reported in Hook and others
(in press).

Effects of Treatments

Table 3 shows how the combined canopy
species in the regenerating stands in
the different harvesting treatments
were affected by Hurricane Hugo. When
testing for differences in the percent
of damaged trees, the main effect for
treatments was not significant. Means
for each treatment showed that the
harvested treatments usually congre-
gated around an average that was
higher than the mean for the control
treatment. These differences between
individual harvested treatment means
and the control treatment means were
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analyzed using Dunnett’s test for
treatment means being different from a
control mean (Steel and Torrie, 1980).
The 15 seed trees and 90 seed trees
treatment means in the All Damaged
category are significantly different
from the control treatment mean (alpha
= 0.05), along with the 90 seed tree
treatment mean in the Bent category.

Table 3--The effect of regeneration
treatments on the percent of stems
damaged by Hurricane Hugo. All five
major canopy species combined.

Treatment Means (percent)
Clear 15 30 90 Contro

Damage

Class ~cut Trees Trees Trees

All 65.4 66.0* 59.4 70.4* 54.8
Bent 50.8 50.0 49.3 58.8* 43.3
Broke 16.3 21.3 12.2 15.8 15.4
Uproot 1.5 1.4 .8 1.0 .5
Dead 1.9 2.0 .9 1.1 2

* Treatment mean significantly different from
control mean via Dunnett’s test at p = .05.

For the individual species, there is a
general pattern of the harvest treat-
ment means being larger than the uncut
control treatment means for the All
Damage category. For bald cypress
(Table 4), red maple (Table 5), swamp
tupelo (Table 6), and sweetbay (Table
7), the pattern of the harvest treat-
ment means being larger than the uncut
control treatment means also holds for
the Bent category. The swamp tupelo 90
seed tree treatment All Damage category
mean is significantly different from
the control mean at the alpha = .05
using Dunnett’s test. For loblolly
pine (Table 8), the pattern holds for
all of the damage categories except the
Bent category. For loblolly pine
clearcut treatment All Damage category




was significantly different from the
control treatment mean.

Table 4--The effect of regeneration
treatments on the percent of stems
damaged by Hurricane Hugo.

Bald Cypress

Treatment Means (ggrcent)
Damage Clear Contro

Class -cut Trees Trees Trees

All 30.5 30.0 40.2 12.4 11.3
Bent 29.3 26.6 39.0 1.3 11.3
Broke 1.2 3.1 1.2 11.1 .00
Uproot .00 .00 .00 .00 .00
Dead .00 .00 .00 .00 .00

* Treatment mean significantly different from
control mean via Dunnett’s test at p = .05.

Table 5--The effect of regeneration
treatments on the percent of stems
damaged by Hurricane Hugo.

Red Maple

Treatment Means (percent)

Damage Clear 15 30 90 Control
Class -cut Trees Trees Trees

All 52.4 52.1 49.7 58.7 37.3
Bent 47.7 46.6 47.9 55.2 32.9
Broke 3.96 5.76 3.00 4.82 4.05
Uproot 1.73 2.11 .74 1.09 1.23
Dead .54 .00 .00 .00 .00

* Treatment mean significantly different from
control mean via Dunnett’s test at p = ,05.

Table 6--The effect of regeneration
treatments on the percent of stems
damaged by Hurricane Hugo.

Swamp Tupelo

Treatment Means (percent)

Damage Clear 15 30 90 Control
Class -cut Trees Trees  Trees

all 71.3 75.8 63.8 81.7+ 46.8
Bent 55.6 55.6 52.0 65.2 36.3
Broke 19.0 27.7 15.2 23.6 16.2
Uproot .22 .33 .03 .17 .00
Dead .33 .11 .00 .00 .00

* Treatment mean significantly different from
control mean via Dunnett’s test at p = .05.
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Table 7--The effect of regeneration
treatments on the percent of stems
damaged by Hurricane Hugo.

Sweetbay
Treatment Means (percent)

Damage Clear 15 30 90 Control
Class -cut Trees Trees Trees

All 62.1 46.1 21.5 53.6 32.8
Bent 62.1 43.7 21.5 53.6 16.1
Broke .00 4.3 .00 .00 16.7
Uproot .00 .00 .00 .00 .00
Dead .00 .00 .00 .00 .00

* Treatment mean significantly different from
control mean via Dunnett’s test at p = .05.

Table 8--The effect of regeneration
treatments on the percent of stems
damaged by Hurricane Hugo.

Loblolly Pine

Treatment Means (percent)

Damage Clear . 15 30 90 Control
Class -cut Trees Trees Trees

All 81.6* 56.4 69.7 50.0 34.1
Bent 19.2 17.9 15.6 - 15.6 18.9
Broke 19.8 25.1 18.1 22.7 10.0
Uproot 54.5 15.4 39.3 14.7 12.7
Dead 68.3 42.8 63.6 30.5 16.3

* Treatment mean significantly different from
control mean via Dunnett’s test at p = .05.

SUMMARY

Loblolly pine received the most damage,

followed by swamp tupelo, red maple,
sweetbay, and bald cypress. Most of
the damage to swamp tupelo, red maple,
sweetbay, and bald cypress was in the
form of bent stems with very little
mortality.
was primarily in the form of uprooted
and broken stems leading to a high
(over 50 percent) mortality rate. A

higher percentage of stems were damaged

on the treatment plots than on the
control plots.
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Timber Supplies, Salvage, and Use

DAMAGE, HARVEST OPERATIONS, AND REGENERATION ACTIVITIES
FOLLOWING HURRICANE HUGO IN SOUTH CAROLINA--
PHOTOGRAPHIC DOCUMENTATION

Jeffrey L. Baumann, Robert G. Haight,
Allan P. Marsinko, and Thomas J. Straka'l

Abstract--Hurricane Hugo damaged 4.5 million acres of South
Carolina forest land in 1989. Nearly 900 million board
feet of sawtimber and nearly 2.6 million cords of pulpwood
was salvaged from the damaged forest land. Approximately
1.2 million acres needed reforestation. Much of this
acreage required site preparation. As a result many unique
conditions were present in 1989 and the early 1990’s in
terms of damage, harvesting and regeneration.

This article includes representative photographs of much of
the damage and many of the activities. Unusual activities
are also included; for example, wet storage of salvaged
logs, helicopter logging, horse logging, and planting of
v-bladed strips.

Related activities are also included. Probably the most
interesting example involves the Francis Marion National
Forest red-cockaded woodpecker (RCW) population. Prior to
the hurricane, the forest had 477 family groups of RCW’s.
Hurricane Hugo destroyed 87 percent of the RCW cavity trees
and more than 50 percent of the pine sawtimber used as
foraging habitat and for cavity trees. Nearly two-thirds
of the birds were killed. Photographs document the damage
and an interesting method of developing new tree cavities.

These photographs and related descriptions serve as basic
documentation of the effect of Hurricane Hugo on South
Carolina‘’s forest resource, the early efforts to salvage
damaged timber, and the reforestation activities that
followed the hurricane. They provide an idea of the damage
that can be expected after such a hurricane and the type of
effort required to re-establish a storm-damaged forest.

Note that the article "Site Preparation and Tree Planting
Costs on Hurricane-Damaged Lands in South Carolina" by
Straka, Marsinko, Baumann, and Haight in this publication
contains five photographs of site preparation activities
following Hurricane Hugo.

'Jeffrey L. Baumann, South Carolina Forestry Commission, Box 21707, Columbia, SC
29221; Robert G. Haight, USDA Forest Service, North Central Forest Experiment
Station, 1992 Folwell Ave., St. Paul, MN 55108; Allan P. Marsinko and Thomas J.
Straka, Department of Forest Resources, Clemson University, Clemson, SC 29634~
1003.
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1. Typical Hurricane Hugo damage in a pine sawtimber stand. Tree snag in front
has a "Gimme 12" campaign poster on it requesting the public to postpone any
outdoor burning for a 12-month period.

2. Hurricane Hugo damage around one of the many homes.
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3. Hurricane Hugo severely damaged the timber resource of the Francis Marion
National Forest, once home of the second largest population of the endangered
lred—cockaded woodpecker.

4. Aerial shot of some of the many acres affected by Hurricane Hugo.
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Young pine plantations were not spared the brunt of the hurricane force
winds. Many plantations displayed the characteristic lean caused by the
prolonged exposure to 75+ miles per hour winds. Fortunately, over time,
these young trees straightened up.

A good example of the twisting effect the hurricane winds had on trees.
Loggers were forced to extensively utilize chain saws in harvesting which
slowed the salvage effort.
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8. Most trees developed "ring shakes" which made them unusable for poles, veneer
logs and sawtimber. Most ended up for pulpwood; landowners received on
average only 10 cents on the dollar of pre-Hugo timber value.

9. All methods of logging were utilized to salvage as much timber as possible.
Here mule logging is used on a sensitive site.




10. Higher tech methods like helicopter logging were alsc utilized.
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11. Road weight limits were raised for logging trucks to help maximize salvage
efforts.

12. A large amount of wood needed to be salvaged over a short period of time.
Mill capacity was exceeded. Wet storage was promoted and utilized to
"preserve” wood quality until it could reach the saw.




13. Many acres would regenerate naturally over the next few years. There was a
good seed crop of lecblolly pine and many stands had advance regeneration of
longleaf pine.

114




14. Other stands needed help through site preparation and artificial
regeneration. :

15. Through Federal Emergency Management Agency (FEMA) funds, John Deere 750
tractors were leased by the Forestry Commission and private contractors were
hired to establish pre-suppression firebreaks around homes and communities.
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16, Private contractors were also utilized in fire suppression work to construct
firebreaks through the heavy debris left by Hurricane Hugo.
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17. FEMA funded the use of CL-215 aerial tankers from Canadair to help suppress
wildfires in the areas affected by Hurricane Hugo.

18. Hurricane-damaged timber.
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19. Before-Hugo and after-Hugo photographs showing hurricane damage.
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20.

Following the hurricane, artificial cavities were used to provide nesting
sites for red-cockaded woodpeckers. A chainsaw was used to cut a hole in a
live pine and the insert was placed in the hole. Cracks around the insert
were filled with wood filler and the artificial cavity painted to blend with
the tree (USDA Forest Service). '
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Hurricane-damaged timber.

Hurricane-damaged timber.
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HURRICANE HUGO:

EFFECTS ON

SOUTH CAROLINA’'S FOREST RESOURCE

Raymond M. Sheffield and Michael T. Thompson'

INTRODUCTION

On September 21, 1989, Hurricane Hugo
struck the coast of South Carolina
near Charleston with sustained winds
of 135 miles per hour. The storm
moved northwest toward Rock Hill and
exited the state with winds still at
or near hurricane strength. Hugo has
since been widely acknowledged as the
greatest single forest disaster in the
state’s history.

Aerial and ground surveys conducted by
the South Carolina Forestry Commission
identified 23 countiesg with substan-
tial forest damage. Damage estimates
from this aerial survey guided the
salvage of damaged timber, the estab-
lishment of fire control measures, and
initial planning for reforestation.

It was evident, however, that more
comprehensive and objective data on
the damage to the forest resource were
needed to assess changes in wood
supply, plan for necessary wood
procurement shifts, and to guide long-
term forest resource programs.

The Forestry Commission requested that
the Forest Inventory and Analysis
(FIA) Research Work Unit at the South-
eastern Forest Experiment Station
conduct a special inventory of the
forest resource in the damaged area.
The previous full-scale inventory of
South Carolina was completed in 1986
(Tansey and Hutchins 1988). During
the fall of 1989 and early 1990,
objectives were established, field
procedures developed, funds secured,
and field crews assembled. The
objectives of the inventory were to:
(1) determine the volume of hurricane-~
related mortality and damage, (2)
assess damage to merchantable and
submerchantable pine plantations, and
(3) quantify needed stand treatments
resulting from the storm.

! Resource Analyst and Forester,
Forest Inventory and Analysis,
Asheville, North Carolina
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This report presents results, our
interpretations, and documents the
procedures used in the collection and
analysis of the data.

METHODS

Sampling Procedures

The sample plots used in the Hugo
inventory included 2,530 permanent
plots established in the 23 counties
during the sixth survey of South
Carolina in 1986 (Figure 1). FIA
sample plots are based upon a 10-point
cluster design. In most cases, five
points are installed in a single forest
condition using a basal area factor of
37.5 square feet per acre to sample
trees 5.0 inches d.b.h. and larger.
Trees less than 5.0 inches d.b.h. are
tallied on 1/300-acre fixed plots at
each of the point centers. More
detailed information about standard FIA
field sampling procedures is available
(Tansey and Hutchins 1988; USDA Forest
Service 1991). Between February 1990
and June 1990, each of the 2,530 ground
samples was relocated and assessed for
hurricane- and nonhurricane-related
changes since 1986.

Figure 1l--Distribution of 2,530
timberland sample locations that were
remeasured and evaluated for hurricane
damage.



In accordance with the objectives,
sampling procedures differed for
natural and planted stands. In
natural stands, field crews accounted
for each tree that was 3.0 inches
d.b.h. and larger in 1986. This
procedure provided assurance that any
tree that had grown large enough to
have merchantable volume (5.0 inches
d.b.h. and larger) would be evaluated.
Each tree was assigned to one of six
categories: (1) live, without hurri-
cane damage; (2) live, with hurricane
damage; (3) dead, hurricane related;
(4) dead, not hurricane related; (5)
cut, not associated with the salvage
of damaged stands; or (6) cut, associ-
ated with hurricane salvage or cleanup
operation, regardless of whether the

tree was utilized for a product. Live
trees with hurricane damage were
assessed for volume loss, percentage

of crown missing, lean and bend, root
damage, degree of damage to the tree
bole, and salt burn. Data-collection
procedures are documented in more
detail in Appendix A.

In planted stands, data-collection
procedures differed from those in
natural stands in two respects: (1)
field crews accounted for all trees
that were 1.0-inch d.b.h. and larger
in 1986; and (2) planted pine trees
that had grown from less than 1.0 inch
d.b.h. to greater than 1.0 inch and
free-to-grow pine seedlings were
tallied on 1/300-acre fixed plots
around each of the point centers.
These data were necessary to assess
‘current stocking and damage levels in
young plantations.

The collection of updated stand
descriptive information was minimized.
Items such as ownership, stand size,
forest type, and stand age were not
updated or reclassified. The use of
these stand descriptors in this report
reflects classifications made in the
sixth inventory in 1986. Current
stand origin (planted or natural) was
noted. Field crews also recorded the
treatments and/or disturbances,
including hurricane damage, that had
occurred in each stand since 1986.
Finally, crews assessed treatment
opportunities at each plot--salvage
cuts, regeneration, thinning, etc.--
along with the potential for natural
pine regeneration.

Data Limitations

Since procedures were designed to
provide data focused on hurricane
damage, many estimates and
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classifications were carried forward
from the 1986 inventory. Estimates of
timberland area were not updated for
this inventory; thus, no change in
timberland area is factored into the
volume change estimates. Forest type,
ownership, stand size, and age were not
re-estimated. The reader should be
aware that tables displaying these
stand and area descriptors may differ
somewhat from true conditions in 1990.
For example, major land transactions
since 1986 that would affect the
acreage by ownership are not reflected
in tables or illustrations in this
report. All displays of age class or
stand type portray 1986 conditions
prior to any cutting, treatment, or
hurricane disturbance. An exception
was made when planting was noted on a
plot. Then, the broad stand type was
changed to pine plantation and a zero
(0) age class was assigned.

A complete assessment of current stock-
ing and hurricane damage in very young
natural stands was hampered because no
trees less than 3.0 inches d.b.h. were
measured or sampled there in 1990.
Field crews did assess treatment oppor-
tunities in these stands, reflecting
the degree of damage inflicted.

Finally, the Hurricane Hugo inventory
is limited to providing updated volume
statistics for the 23 counties identi-
fied as sustaining significant damage.
Volume estimates for the entire state
cannot be estimated directly from these
data.

Classification of Live-Tree

Damages

The inventory procedures were designed
to estimate inventory change in the
selected counties and to meaningfully
describe damage to the existing inven-
tory. The new inventory includes all
merchantable trees that were alive at
the time field crews visited each
ground location. All types of signifi-
cant damage to sample trees were
recorded to best describe the condition
of each tree. A logical classification
system was needed to accurately assess
and illustrate the true extent of
damage, but no suitable one was known
to exist. The challenge was to place
each tree into a meaningful category
that would provide a reasonable
description of damage severity and risk
of dying in the near future. Draft
criteria were developed for different
categories of tree size, species group,
and stand type to place each tree in
the appropriate class of damage. The




criteria were submitted to 20 indivi-
duals or organizations for review.
Review comments were received from 13
individuals or organizations, and
final criteria were developed. These
criteria and a description of evalu-
ation methodology are in Appendix B.

The damage/risk classes were designed
to reflect the likelihcod of tree
survival and present (or potential)
value degrade. The categories are:

Class l--High-risk tree with a high
probability of dying in the near
future. Damage and value loss are
severe enough that this tree should
not be retained in the stand.

Class 2--Moderate-risk tree with ele-
vated risk of mortality; serious
current or potential loss of value;
retention in the stand is
questionable.

Class 3--Low-risk tree that has a high
probability of surviving, though not
as high as an undamaged tree. Damage
and value degrade are minimal--these
trees should be retained in the stand
in most management scenarios.

Healthy--No obvious hurricane damage.
A tree with hidden or internal damage
would be included here.

The damage/risk evaluation process
placed trees into discrete categories.
We recognize that, in reality, damaged
trees belong on a continuum ranging
from "not damaged" to "nearly dead."
Our process was uncomfortably subjec-
tive. We found only a limited number
of research studies for guidance
(Barry and others 1982; Brewer and
Linnartz 1973). We defend it pri-
marily on the basis that it seems
practical. We hope that our detailed
description of methods will help in
understanding Hugo damage and will
lead to improvements in damage estima-
tion techniques in the future.

Affected Area and Volume

This chapter summarizes our estimates
of the amount and location of timber-
land that was significantly affected
by Hurricane Hugo. It also provides
estimates of the losses of softwood
and hardwood timber volumes. Addi-
tional data on damage are in Appendix
cC.
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More Than 4.5 Million Acres

Damaged

The reinventory indicates that 4.5
million acres, or two-thirds of the 6.5
million acres of timberland in the 23
counties, were damaged by Hurricane
Hugo (Appendix Table C.21). About 37
percent of South Carolina‘s timberland
sustained some storm damage.

Timberland damage was most widespread
near the coast and on the northeast
side of the hurricane’s eye as it moved
in a northwesterly direction. Figure 2
shows the generalized distribution and
extent of hurricane damage in South
Carolina. One should not conclude,
however, that all stands in the area
shown as damaged sustained damage or
that damage does not exist in the
unshaded areas. Representations of
damaged timberland were created by
drawing Thiessen polygons (Newton and
Bower 1990) around each ground location
classed as having hurricane damage.
Adjacent polygons depicting damage were
merged into a single polygon by delet-
ing interior polygon lines. Undamaged
timberland and nonforest plot locations
are portrayed as undamaged on the map.
Therefore, the higher incidence of
nonforest land in the central portion
of the state lends an appearance of
less damage there than in the lower
coastal plain or in the more heavily
forested areas to the north.

Figure 2--A generalized distribution of
timberland in South Caroclina damaged by
Hurricane Hugo. Note: Not all stands
in shaded areas sustained damage, and
damage occurred in unshaded areas.



Hurricane Hugo damaged more than 90
percent of the timberland in six
counties--Berkeley, Clarendon,
Florence, Lee, Sumter, and
Williamsburg. The distribution of
damage suggests that there probably
was damage in some counties not
reinventoried, most notably Colleton
and Lexington Counties. The damage in
these counties was acknowledged prior
to the field work; they were omitted
because of the limited extent of
damage and increased data-collection
effort required.

Substantial hurricane damage was found
in all stand types and broad manage-
ment types (Appendix Table C.21).
Sixty-two percent of the pine planta-
tion acreage was affected, compared
with 68 percent for natural pine and
oak-pine stands, and 64 percent for
upland hardwood stands. Lowland hard-
wood stands sustained the highest
incidence of damage--77 percent. Low-
land hardwood stands often contain
large, shallow-rooted trees with large
crowns, factors associated with
increased susceptibility to wind
damage (Barry and others 1982; Hook
and others 1991). Across all stand
types, the damage incidence rate
averaged 76 percent for stands
classified as sawtimber size, 67
percent for pole-timber, and 59
percent for sapling-seedling.

Timberland in public ownership was the
most severely affected in terms of
acres damaged--79 percent of the
acreage controlled by public agencies
sustained some hurricane damage
(Appendix Table C.21). One factor
contributing to the high incidence is
the large concentration of National
Forest in the most severely affected
area near the coast in Berkeley and
Charleston Counties. Another reason
for the high rate of damage on public
land is that the older stands and
larger trees characteristic of public
forests are more susceptible to wind
damage. Tall, large-diameter trees
sustained more damage than smaller
trees. Forest industry land and
nonindustrial private forest (NIPF)
land were both equally affected by the
hurricane; 68 percent of the acreage
in these two classes was affected.

Softwood Inventory Reduced by

21 Percent

Hurricane Hugo reduced the inventory
of softwood growing stock by 21
percent, from an estimated 4.8 billion
cubic feet that existed prior to the

storm to 3.8 billion cubic feet (Figure
3 and Appendix Table C.1). Some 376
million cubic feet of Hugo-damaged
softwoods were salvaged, and 632
million cubic feet were killed but not
salvaged. The extent and nature of
damages to trees that were not killed
will be discussed later. Softwood
sawtimber volume declined from an
estimated 19 billion board feet to 14
billion board feet, a drop of more than
25 percent (Appendix Table C.3).

Biltion cudic feet
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Figure 3--Change in volume of softwood
growing stock, by component of change.

Not all the volume classed as salvage
was utilized for wood products. Our
total includes all damaged trees that
were cut after the hurricane. Some of
these trees were cut in cleanup opera-
tions in which the stems were not
utilized, and some were cut but not
utilized during salvage operations.

The South Carolina Governor’'s Forest
Disaster Salvage Council tracked actual
salvage volumes removed for product use
and can provide final statistics.

The pre-Hugo estimate of softwood
inventory was developed by adding
estimates of gross growth (1 billion
cubic feet) to the 4.8 billion cubic
feet present in 1986 and subtracting
non-Hugo-related softwood removals (900
million cubic feet) and mortality (100
million cubic feet). We are fairly
certain that softwood volume changed
little from 1986 until Hugo struck, but
we acknowledge that errors are associ-
ated with the computation. For
instance, field crews encountered some
difficulty in determining whether a
tree was cut prior to the hurricane or
whether it was removed during a storm-
related salvage operation. Also, some
growth occurred between the time Hugo
struck and the date of plot measure-
ment the next spring; this volume
increment was assumed to be minimal.




In establishing the pre-Hugo inven-
tory, all growth was assigned to the
period before the storm’s occurrence.
To more accurately describe storm
impacts in the text, all losses and
changes are related to the pre-Hugo
inventory rather than the 1986 inven-
tory. This rule is not strictly
adhered to in the appendix tables, but
the values reported and their bases
for change are well defined in the
tables.

Declines in softwood inventory were
recorded in all 23 counties, but
declines were greatest in counties
near the coast and along the path of
the hurricane’s eye (Figure 4). More
moderate losses occurred in counties
more distant from the path. Six
counties--Berkeley (49 percent),
Charleston (47 percent), Clarendon (45
percent), Sumter (44 percent),
Lancaster (35 percent), and Lee (34
percent)-~lost more than one-third of
their pre-Hugo softwood inventory.
Berkeley and Charleston Counties alone
accounted for 43 percent of the Hugo-
related drop in softwood inventory.
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Figure 4--Pre- and post-Hugo softwood
growing-stock inventories, by county.

Declines in softwood inventory varied
considerably among the major ownership
categories (Appendix Tables C.7 and
C.9). The most severe loss occurred
on land controlled by public agencies.
Volume of softwood growing stock fell
34 percent to 451 million cubic feet
on public land. Public land, which
accounted for only 14 percent of the

pre-Hugo softwood inventory, sustained
23 percent of the softwood volume loss.
More than one-third of the total soft-
wood mortality caused by the hurricane
occurred on publicly owned timberland--
about 204 million cubic feet. The
location of National Forest land in the
storm’s path and the larger-than-
average size of trees on this land
explain the heavy losses sustained
there. The volume of softwocd growing
stock dropped by only 12 percent to 907
million cubic feet on timberland con-
trolled by forest industry. The per-
centage reduction was smallest for this
owner category. In this region a high
proportion of forest industry holdings
are in young pine plantations. Of the
1.6 million acres of forest industry
timberland, about a fourth was in
planted pine stands under 20 years old
in 1986. The small trees in the
planted stands sustained considerably
less damage and mortality than larger
trees in older stands. Hugo-related
salvage also was relatively small on
industry land. Forest industry land
supplied only 11 percent of all Hugo-
related softwood growing-stock
removals. Softwood inventory held by
NIPF owners was reduced by 21 percent
from 3.1 to 2.4 billion cubic feet.

No yellow pine species was especially
resistant to the hurricane’s winds
(Figure 5 and Appendix Tables C.17 and
C.19). Loblolly pine inventory fell by
22 percent in the wake of Hugo to 2.5
billion cubic feet. By far the most
abundant species in the region, lob-
lolly pine accounted for 72 percent of
the decline in softwood inventory.
Volume of longleaf pine fell by 25
percent to 303 million cubic feet.
Slash and pond pine volumes declined by
27 and 29 percent to 146 and 180
million cubic feet, respectively.
Shortleaf pine experienced a smaller
decline of 13 percent to 205 million
cubic feet. However, shortleaf occur-
rence is concentrated in the areas away
from the coast.

Cypress survived the hurricane sur-
prisingly well. The inventory of
cypress fell by only 3 percent to 355
million cubic feet. Putz and Sharitz
(1991) also found that cypress was able
to withstand the hurricane’s winds
better than most species in the
Congaree Swamp.

Softwood volume declined across the
entire range of diameter classes
(Figure 6 and Appendix Tables C.13 and
C.15). Volume declined by 8 percent
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Figure 5--Pre- and post-Hugo softwood
growing-stock inventories, by species.
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Figure 6--Pre-~ and post-Hugo softwood
growing-stock inventories, by diameter
class.

in the 6-inch class, by 11 percent in
the 8-inch class, and by 16 percent in
the 10-inch class. Reductions ranging
from 22 to 32 percent were recorded in
the larger diameter classes. The high
losses in the larger size classes show
that large pines were particularly
susceptible to bole breakage, wind-
throw, and subsequent mortality.

Further Softwood Mortality

Losses Likely

Observations of damaged trees not
killed by the storm suggest that
substantial additional softwood
mortality is likely in the next few
years. Of the 3.8 billion cubic feet
of softwood growing stock classified
as live timber (post-Hugo inventory),
29 percent, or nearly 1.1 billion
cubic feet, was damaged to some extent
(Appendix Table C.5). Almost half of
this damaged volume was in the lowest
risk category--class 3. However,
nearly 0.6 billion cubic feet was in
trees classed as moderate or high
risk. No attempt will be made here to
estimate the additional mortality that
is likely to occur. The rate of loss

will depend on factors such as weather,
insects, disease, and further salvage
efforts. However, the potential for
additional mortality of several hundred
thousand cubic feet is present.

As with mortality, damage to live trees
was greatest on public forests (Appen-
dix Tables C.11 and C.12). More than
36 percent of the 1990 softwood inven-
tory on public land was damaged to some
degree with severe and moderate damage
(classes 1 and 2) present on 22 percent
of the post-Hugo softwood inventory.
About 36 percent of the post-Hugo
softwood inventory on forest industry
forests was damaged, but 19 percent was
in the class 3 or low-risk group. Some
26 percent of the post-Hugo softwood
volume on NIPF land was damaged; 6
percent was in the class 1 category, 8
percent in class 2, and 12 percent in
class 3.

Softwood Damage Summary

Damage to softwood growing-stock (using
the pre-Hugo inventory as a base) is
summarized in Figure 7. About 8
percent of the pre-Hugo inventory was
removed in salvage operations, and
another 13 percent (0.6 billion cubic
feet) was dead at the time of plot
remeasurement. Hugo-related mortality
will continue to accumulate for a
number of years. Some 23 percent of
the softwood inventory before Hugo is
in damaged living trees. About 2.7
billion cubic feet, or only 56 percent
of the pre-Hugo inventory, was classed
as "healthy," or having no obvious
storm-related damage. Thus, softwood
inventory losses to Hurricane Hugo
range somewhere between the 21 percent
(1.0 billion cubic feet) killed
directly or salvaged immediately after
the storm and the 44 percent (2.1
billion cubic feet) killed, salvaged,
or damaged. A reasonable estimate of
softwood loss is around 30 percent of
pre-Hugo inventory (1.4 billion cubic
feet).

Saivage
%

. Class 1
22%
Class 2
30%
Class &
48%

Damagec
23%

Healthy
56%

Pre-Hugo inventory = 4.8 billion cubic feet
Figure 7--Summary of hurricane losses

and damage to the pre-Huge softwood
inventory.




Hardwood Inventory Reduced by 6

Percent

Hurricane Hugo reduced the inventory
of hardwood growing stock in the 23
counties by 6 percent to 4.8 billion
cubic feet (Figure 8 and Appendix
Table C.2). Sawtimber losses were
similar in magnitude (Appendix Table
C.4). An estimated 5.1 billion cubic
feet of hardwood growing stock was
present prior to Hugo, up from 5.0
billion cubic feet in 1986. Hardwood
inventory reductions were attributed
to 270 million cubic feet of Hugo-
related mortality and to only 49
million cubic feet of salvage. These
losses are small in comparison with
softwood losses for two reasons.
First, there was little hardwood
salvage cutting--most of the efforts
to salvage dead and damaged timber
focused on pine species. Second,
softwood species died more quickly
after windthrow, bole breakage, or
loss of limbs, whereas hardwood
species were generally still alive.
Even windthrown hardwoods and those
that lost their entire crown were
sprouting new growth the spring after
the storm. Many of these severely
damaged hardwoods will die, and the
wood in those that do not will be
degraded badly.

Biltion cubic fest

1988 Gross  Reguiar Regular Pre-Hugs Hugo Hugo »meo
inventory growth cut mortality invantory saivage mortality inventory

Figure 8--Change in volume of hardwood
growing stock, by component of change.

Geographically, the distribution of
hardwood volume loss followed essen-
tially the same pattern as for soft-
woods (Figure 9). The counties with
the most severe declines in hardwood
volume are near the coast and along
the path of the hurricane’s eye. Lee
County lost 34 percent of its hardwood
inventory, whereas Charleston lost 16
percent, and Berkeley 14 percent.
Among ownership classes, public land
sustained the most severe reductions
in hardwood volume (Appendix Tables
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C.8 and C.10). The hardwood inventory
controlled by public owners declined by
16 percent to 237 million cubic feet.
That controlled by forest industry
decreased by 5 percent from less than
1.1 to about 1.0 billion cubic feet.
Hardwood inventory on NIPF land dropped
6 percent from 3.8 to 3.6 billion cubic
feet--near the average for all owner-
ship categories.

Miliion cubic feet

800

Ek
B3 Pre-Hugo

EBEEE Posi-Hugo

Figure 9--Pre- and post-Hugo hardwood
growing-stock inventories, by county.

Large hardwoods were the most prone to
hurricane-related mortality (Figure 10
and Appendix Tables C.14 and C.16).

The inventory of hardwoods 20 inches
d.b.h. and larger dropped by 9 percent,
whereas reductions were more modest for
smaller trees. Volumes of all major
hardwood species in the region
decreased (Figure 11 and Appendix
Tables C.18 and C.20). Red oaks
suffered the most severe drop of 10
percent to 1.0 billion cubic feet.
sweetgum inventory declined by 6
percent to 1.0 billion cubic feet.
Volume of tupelo and blackgum--the
predominant hardwood species group in
the region--dropped 3 percent to 1.1
billion cubic feet. Volume of all
white oaks dropped 7 percent to 420
million cubic feet. The small loss of
blackgum and tupelo relative to other
hardwoods is consistent with findings
of a study in the Congaree Swamp (Putz
and Sharitz 1991).

The

Very Heavy Hardwood Damage
Severely damaged hardwoods did not die
as quickly after the storm as did
softwoods. As a result, hardwood
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Figure 10--Pre- and post-Hugo hardwood

growing-stock inventories, by diameter
class.
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Figure 1l--Pre- and post-Hugo hardwood
growing-stock inventories, by species.

mortality understates the real
terrible blow to the hardwood
resource. That blow is expressed
primarily in the figures for damaged,
living trees. Thirty-two percent of
the post-Hugo hardwood inventory is
damaged to some degree (Appendix Table
C.5). Damaged trees contain 5.3
billion board feet of hardwood saw-
timber. About 12 percent of the 1990
hardwood growing stock is in high-risk
trees. Only 6 percent of the softwood
inventory is in this class. Eight
percent of the hardwood volume is in
class 2 trees and 12 percent is in
class 3 trees.

Public lands contained the highest
proportion of damaged hardwood volume
--51 percent of the post-Hugo hardwood
inventory on public forests was
damaged to some degree (Appendix
Tables C.11 and C.12). National
Forests were most severely damaged; 60
percent of the 1990 hardwood inventory
was damaged, and two-thirds of the
damaged volume is in trees in classes
1 and 2. On both forest industry and
NIPF land, about 31 percent of the

1990 hardwood inventory was damaged
after the storm.

High-risk (class 1) trees are more
prevalent with increasing diameter for
hardwoods (Appendix Table C.14). Less
than 10 percent of the volume in hard-
wood trees 15.0 inches d.b.h. and
smaller was classified as high risk.
For hardwoods larger than 15.0 inches,
the proportion in class 1 averaged 18
percent, and it exceeded 21 percent for
the largest trees. The proportions of
damaged hardwoods in classes 2 and 3
did not change substantially across the
range of diameter classes.

Red oaks appear to have suffered the
most (Appendix Table C.18). About 42
percent of the 1990 red oak inventory
was damaged, and one-half of the
affected trees was in class 1.
percent of white ocak volume was
affected, and 14 percent was in class 1
trees. In contrast, only about 22
percent of the tupelo and blackgum
volume was damaged and most of this
volume was in class 3 trees. About 304
million cubic feet, or 29 percent, of
the sweetgum volume was damaged; 40
percent of yellow-poplar volume was
damaged; and 42 percent of the soft
maple volume was damaged.
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Hardwood Damage Summary

The fate of the pre-Hugco hardwood
inventory is outlined in Figure 12.

The volume present before the storm was
about 5.1 billion cubic feet. Only 5
percent of the pre-Hugo inventory, or
270 million cubic feet, was in trees
that were killed outright by the storm.
Only 1 percent was removed in salvage
operations. Almost 577 million cubic
feet, or 11 percent, of the pre-Hugo
inventory is now in class 1 trees.
Another 385 million cubic feet, or 8
percent, is in class 2 trees and some
577 million cubic feet is in class 3
trees. After subtracting out all Hugo-
related damage, salvage, and mortality,
about 3.3 billion cubic feet, or 64
percent, of the pre-Hugo hardwood
inventory remains in an undamaged
state.

Although the immediate loss of hard-
woods to Hugo was relatively small (0.3
billion cubic feet of mortality and
salvage volume), the potential for
additional hardwood mortality and
degrade is very high. A reasonable
estimate of total hardwood damage is
about 20 percent of the pre-Hugo
hardwood volume, or 1.0 billion cubic
feet. While hardwood mortality will
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Figure 12--Summary of hurricane losses
and damage to the pre-Hugo hardwood
inventory.

not likely escalate to this level,
loss estimates of this magnitude are
justified because of the value loss
associated with many of the wind-
related damages.

Stand Condition Assessment

By any reasonable standard, the timber
damage caused by Hurricane Hugo was
catastrophic. But people are resil-
ient, and they know that timber is a
renewable resource. The people of
South Carolina want to know what must
be done to get their forests back to
normal. And while their forests are
recovering, they want to know what the
effects on the timber industry will
be. Answers to those questions depend
on accurate descriptions of stand
conditions before and after the storm.

We estimated the stocking of manage-
able stand (crop) trees just prior to
Hurricane Hugo by the method described
below. The term "stocking” as used
here refers to the degree of occupancy
of the land by trees as compared with
a minimum standard required to fully
utilize the growth potential of the
land. Values used are expressed in
percentage of full stocking.

(1) Stocking of all tally trees on
each plot was summarized to establish
the baseline stocking level of each
plot at the time of the 1986 inven-
tory. Only trees 3.0 inches d.b.h.
and larger in natural stands and 1.0
inch in planted stands were tallied.
Furthermore, only trees that were
coded as being part of a manageable
stand were considered; if a manageable
stand did not exist in 1986, stocking
of all growing-stock trees was
summarized.

(2) Trees that were cut or died
after the 1986 inventory but before
Hugo were subtracted from the 1986
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baseline stocking to establish the pre-
Hugo condition or stocking for the
stand.

Trees killed by the storm or salvaged
soon after are no problem--they must be
deducted to estimate current stocking.
Asgessment of current stocking, how-
ever, requires some conjecture about
how many of the trees damaged by the
storm will make satisfactory crop trees
through the end of the timber rotation.
Damage to live trees ranges from
relatively minor to major and life
threatening. Three different assump-
tions about damaged trees were made:

1. All damaged trees (risk classes
1, 2, and 3) are unsatisfactory for
future stocking (maximum stocking
reduction).

2. Only class 1 and class 2 trees
are unsatisfactory (average reduction).

3. Only class 1 trees are
unsatisfactory (minimum reduction).

Trees that were classed as acceptable
in 1986 and were not damaged by the
storm, plus those trees with light
levels of damage, were all considered
to be acceptable to retain in the stand
until the end of a rotation. Different
minimum levels of pre- and post-Hugo
manageable stand stocking were used for
assessments of regeneration needs and
timber supply impacts.

Regeneration Needs Soar

Previous assessments of regeneration
treatment opportunity have used 60-
percent stocking as a minimum for
determining whether a manageable stand
exists (Tansey and Hutchins 1988). 1In
1986, the 23 counties reinventoried
contained approximately 1.0 million
acres of timberland judged to be in
need of regeneration. 1In this
analysis, we have used the same
standard for our baseline estimate of
added regeneration treatment oppor-
tunity. Stands that moved from greater
than 60-percent stocking with manage-
able stand trees to less than 60
percent were included in the summary of
additional acres needing regeneration.
Pre-~ and post-Hugo stocking values
different from these can also be used
to estimate regeneration needs, and an
example of this flexibility is demon-
strated.

Depending on which live-tree damages
were included as stocking reductions,
the acreage reduced below minimum-



stocking standards ranged from 0.8 to
1.5 million acres (Table I). Using
the minimum-stocking-reduction
scenario discussed above, 0.8 million
acres shifted from more than 60
percent stocked with crop trees to
less than 60 percent stocked. Under
the average discount, 1.2 million
acres were damaged severely enough to
place them into a regeneration needs
category. If all damaged trees are
used as discounts (maximum discount),
1.5 million acres shift into a poorly
stocked category. Considering this
range, the acreage needing regenera-
tion in these 23 counties has very
likely more than doubled because of
hurricane-related damages.

The average discount option probably
yields the most realistic estimate of
regeneration needs. Under the maximum
discount, many acres are classed as
poorly stocked based on fairly minor
damages such as small portions of
crown missing or minor degrees of lean
and bend. On the other hand, the
minimum discount probably understates
the area of timberland where the need
to start over exists. To a large
extent, the decision to regenerate
will depend upon the individual
landowner’s view of what constitutes
an acceptable stand.

Under the average discount, stocking
was reduced sufficiently on about one-
fourth of the 4.5 million affected
acres to warrant stand regeneration.
Hugo added significant opportunities
for regeneration in all types of
stands. About 29 percent of damaged
pine plantations were determined to be
less than adequately stocked with
acceptable trees based upon the defined
standards. This proportion is as high
as that for lowland hardwood and some-
what higher than that for natural pine
stands (27 percent). The relatively
high proportion of plantations classed
as poorly stocked is partially attrib-
utable to the more complete evaluation
of all potential crop trees in these
stands as compared with natural stands.
In general, however, the timber expec-
tations of the owners of plantations
probably exceed the expectations of the
owners of natural stands.

Other minimum levels of stocking for
pre-Hugo and post-Hugo conditions could
be used to estimate the acreages of
regeneration opportunities. Many
stands that are moderately stocked with
acceptable trees become more fully
stocked as the trees grow and as
natural regeneration becomes estab-
lished (Baker 1989). We did not
attempt to conduct a more complete

Table I--Area of timberland reduced below a manageable stand using different
stocking discounts, by broad management class, for 23 counties in South Carcolina,

1986-1990
Stocking reduced below
Broad manageable levels using:
management All Damaged Mimimal Average Maximum
class classes area discount*® discount® discount®
Thousand acres
Pine plantation 1,208.7 746.7 118.5 220.2 329.7
Natural pine 1,773.8 1,252.9 255.5 332.9 436.1
Oak-pine 832.4 545.4 67.8 105.5 135.1
Upland hardwood 989.2 634.7 102.0 119.0 147.9
Lowland hardwood 1,731.9 1,329.0 267.1 379.5 490.5
ALL classes 6,536.0 4,508.7 810.9 1,157.1 1,539.3

* Stocking reduction consists of Hugo mortality, Hugo salvage, and class 1 live-

tree damage.

® stocking reduction consists of Hugo mortality, Hugo salvage, and classes 1 and 2

live~-tree damage.

¢ Stocking reduction consists of Hugo mortality, Hugo salvage, and classes 1, 2,
and 3 live-~tree damage.
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evaluation of regeneration needs.
Decisions about acceptable stocking
are predicated upon many variables,
among them site quality, forest type,
management objectives, rotation age,
and the mix of damages of various
degrees and types. However, we do
provide a detailed summary of acreage
by stand type that displays the pre-
Hugo and post-Hugo stocking categories

(Appendix Table C.22).

reductions in this table are based
upon the average discount option

discussed above.

An example of how one might use
different combinations of pre- and

post-Hugo stocking values to assess

damage is presented in Table II.
Values in boldface type, corresponding
to pre-~-Hugo stocking levels of 60
percent or greater and post-Hugo
stocking of less than 60 percent, are
those presented in Table I under

average discount.

An alternative

assessment of added regeneration
opportunity created by Hugo damage is
indicated by a summary of acreage
below and to the left of the stairstep

line through the body of the table.

Here, a sliding scale is used to
The result
depends, to a degree, on pre-Hugo

define acceptable.

stocking.

For instance,

Hugo stocking

stands with a

pre-Hugo stocking of 50-59 percent are
not included in a regeneration
scenario unless stocking has been

reduced below 40 percent. Stands 85-99
percent stocked would have to be
reduced below 50 percent post-Hugo
stocking. This assessment of added
regeneration needs yields an estimate
of 1.3 million acres, about the same as
the estimate using the traditional 60-
percent threshold. Appendix Table C.22
contains similar data by stand type so
readers can conduct their own evalu-
ations.

Regardless of the process and stocking
guidelines used to estimate regenera-
tion needs, it is obvious that Hugo
added greatly to the already large
backlog of acreage that lacked a
manageable stand of trees. The
additional area easily exceeds 1
million acres. In addition, the
estimates presented here are low
because small trees in natural stands
(< 3.0 inches d.b.h.) were not reinven-
toried and losses of them were not
discounted.

The extent to which natural regenera-
tion will be able to rehabilitate
damaged stands cannot be assessed using
the Hugo inventory data. Plots were
visited too soon after the storm for
natural regeneration to have become
established. These assessments will be
made in a few years during the next
full-scale inventory of South Carolina,
scheduled for completion by 1993.

Table II--Area of timberland by pre-~ and post-Hugo stocking percentage for

manageable stand trees, for 23 counties in South Carolina,

1986-1990a

Pre-Hugo

stocking All Post~Hugo stocking (percent)

(percent) classes 0-14 15-29 30-39 40-49 50-59 60-69 70-84 85-99 100+

Thousand acres

0-14 1,294.3 1,294.3

15-29 429.7 84.6 345.1

30-39 356.1 43.4 62.6 250.1
40-49 418.1 64.2 57.0 52.7 244.2

50-59 623.8 89.1 59.5 72.9 86.9 315.4

60~69 629.5 56.5 63.4 53.4 72.3 95.7 288.2

70-84 901.4 91.1 53.6 82.9 81.8 65.7 128.9 397.4

85-99 716.8 59.8 25.5 34.7 49 .2 24.4 68.2 131.9 323.1

100+ 1,166.3 89.5 45.4 41.2 26.2 44.9 44.4 104.1 126.7 643.9
All

classes 6,536.0 1,872.5 712.1 587.9 560.6 546.1 529.7 633.4 449.8 643.9

* Based on trees 3.0 inches d.b.h. and larger in natural stands; all stems,
including new planted stems, in plantations.
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Future Timber Supplies Altered
We attempted to roughly assess the
effects of the observed damage to
stands on the region’s future timber
supplies. Our analysis did not
include a sophisticated projection
model. Rather, we assigned each
sample stand to a damage class in a
process similar to that used for the
regeneration analysis. Three damage
classes were assigned: no damage,
light damage, and moderate/heavy
damage. Stands that were harvested
since 1986, but before the hurricane
struck, were identified and portrayed
as a separate category, Magnitude of
stocking reduction was the primary
consideration in placing each sample
plot in one of the hurricane damage
categories. The "no damage" category
was assigned based upon field crew
observation on the ground; this
classification was cross-checked
against tree tally to verify that no
hurricane-damaged trees were present.
The remaining stands were assigned to
one of two damage groups based upon
the severity of the stocking reduction
attributed to hurricane damage.

Light damage:
1. Sample plots where pre-Hugo
stocking was already below 30 percent
of full stocking.

2. Sample plots where post-Hugo
stocking remained above 75 percent of
full stocking.

3. Sample plot with stocking stan-
dards between 1 and 2, where less than
one-half of pre-Hugo stocking was lost
and stocking reduction as a percentage
of full stocking did not exceed 30
percentage points.

Moderate to heavy damage:

All damaged stands not assigned
to "light" damage were classified as
moderate/heavy damage.

The distribution of damaged acreage is
depicted in age profiles (Figure 13).
Classifications of stand age and type
are based on 1986 conditions in most
cases. Changes in these classifica-
tions that would be expected with
timber cutting, natural disturbances,
or stand development were not
accounted for. Stands harvested
between 1986 and 1990 are identified
as a separate category in the profiles
so that the timber supply impacts of
recently harvested stands can be
evaluated concurrently with the
impacts of hurricane damage. When
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Figure 13--Stand-age profiles for pine
plantations, natural pine stands, and
oak-pine/hardwood stands, by degree of
hurricane damage.

planting occurred on a sample plot
between 1986 and 1990, the sample was
assigned to pine plantation, age class
0. Pine plantations were assigned to a
5-year class, whereas natural stands
were assigned to l0-year age classes.

More than 261,000 acres out of 1.2
million acres of pine plantations in
the 23 counties were classed as
moderately to heavily damaged (Figure
l13a). ©On these areas, Hugo reduced
manageable stand stocking by 70 percent
based on the average stocking-reduction
criteria discussed previously. These




stands were left with an average
stocking of healthy and class 3
damaged trees of only 28 percent of
full stocking. Almost one-third of
the nonharvested plantations age 15
and above were classed as moderately
to heavily damaged.

Another 475,000 acres (39 percent of
all plantations) were classed as
lightly damaged. 1In these stands,
Hugo reduced pre-Hugo stocking by an
average of 16 percent. However,
stocking of healthy and class 3
damaged trees in these stands averaged
81 percent of full stocking--an ade-
quate amount for long-term development
of acceptable trees. Pine plantations
established since 1986 (age class 0)
and those in age classes 5 and 10
account for almost four-fifths of the
undamaged pine plantations.

About 400,000 acres of stands classed
as natural pine in 1986, and not
subsequently harvested, were moder-
ately to heavily damaged (Figure 13b).
This acreage represents 25 percent of
all nonharvested natural pine stands.
The hurricane reduced manageable stand
stocking for this group by 77 percent,
leaving an average of only one-fifth
of full stocking. As with planta-
tions, losses were concentrated in age
classes that have the highest volumes.
Almost one-third of all unharvested,
natural pine stands greater than 20
years old were moderately to heavily
damaged. 1In contrast, only 7 percent
of natural pine stands less than 20
years old were so classified.

Light damage was inflicted on 743,000
acres of nonharvested natural pine
stands. These stands are found across
the range of age classes but make up
more than one-half of each of the
three youngest age classes for natural
pine. Natural pine stands in this
category lost 11 percent of their pre-
Hugo stocking to the hurricane.

About 17 percent of the stands in ocak-
pine and hardwood forest types in
1986, and not subsequently harvested,
were moderately to heavily damaged
(Figure 13c). Altogether, some
582,000 acres of hardwood-dominated
timberland were so classified. These
severely damaged stands were concen-
trated in the 41-50 and older age
classes. Almost 29 percent of hard-
wood and oak-pine stands past age 40
were moderately to heavily damaged.
Only 7 percent of stands less than 40
years old were placed in that
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category. In moderately to heavily
damaged hardwood and ocak-pine stands,
Hugo reduced stocking by an average 66
percent. The residual stands (com-
prised of healthy and class 3 damaged
trees) averaged only 26 percent of full
stocking.

More than one-half (1.8 million acres)
of ocak-pine and hardwood stands were
lightly damaged. The hurricane reduced
manageable stand stocking there by 15
percent. The remaining 1.0 million
acres did not sustain any hurricane
damage. Oak-pine and hardwood forests
that were not damaged or were lightly
damaged were distributed across all age
classes, but they were more highly
concentrated in the younger age
classes.

Geographically, forest stands with
moderate to heavy damage were distrib-
uted in a similar fashion to the
volume-loss distributions shown earlier
(Figure 14). Moderately to heavily
damaged stands are concentrated near
the coast and to the northeast side of
the hurricane’s path.

&3 Light damage
B Moderate/heavy damage

Figure 14--A generalized distribution
of timberland in South Carolina damaged
by Hurricane Hugo, by degree of damage.

From a timber supply standpoint,
Hurricane Hugo had an immediate impact
by damaging old, high-volume stands
more severely than young, low-volume
stands. The age structure of the
forests was instantly skewed toward
more young stands. The hurricane alsoc
reduced the stocking of residual trees
on relatively large areas to a level
that requires the establishment of a
new, vigorous stand to restore long-
term productivity. Regenerating new
stands over large areas through plant-
ing and natural means will further tilt




the age structure toward young stands.
Concentrations of very young stands
bode well for growth and inven-tory
changes 15 to 20 years in the future.
In the interim, however, timber
supplies have been severely com-
promised in the 23 counties. The
impact is, and will be, especially
severe for both softwood and hardwood
solid-wood-product industries. Much
depends upon the degree to which (1)
trees can respond to the varying
degrees of damage without losing
substantial value for their best use;
and (2) damaged timber can be utilized
and make a viable contribution to
timber supplies in the short term.

Based on levels of damage depicted in
the age profiles, potential timber
supplies for the next 10 to 20 years
have been reduced by 20-30 percent in
the 23 counties. Manufacturers that
depend on medium- to large-diameter
trees will be impacted for a consid-
erably longer period of time. Supply
reductions could easily exceed 30
percent for manufacturers that cannot
utilize damaged timber.
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APPENDIX A: DATA-COLLECTION

PROCEDURES

In the 23 damaged counties, field crews
relocated 2,530 permanent sample plots
that were established in timberland in
previous inventories. At each sample,
crews recorded information about the
condition of the stand, noting any
treatments or disturbances that had
occurred since the previous inventory
in 1986. 1In addition, each stand was
visually assessed for evidence of
hurricane damage of any severity. Land
use changes, windthrow orientation, and
a description of the potential for
natural pine regeneration were also
recorded.

In natural stands, all trees 3.0 inches
d.b.h. and larger at the time of the
1986 inventory were relocated. These
trees were determined to be either
alive, timber removals, or mortality.
Live trees were evaluated for several




storm-related damages. If a tree had
died since the 1986 inventory, its
death was attributed to the hurricane
or to other natural causes. Likewise,
trees removed from timberland by human
activity were separated into regular
removals and hurricane-related salvage
operations.

In planted stands, all trees 1.0 inch
d.b.h. and larger in 1986 were
accounted for and evaluated in the
same manner as above. In addition,
pine trees that had grown from less
than 1.0 inch d.b.h. to 1.0 inch or
larger and all pine seedlings that
were considered part of a manageable
stand were tallied on 1/300-acre fixed
plots at each of the five sample point
centers. These "new" pine tally trees
were also assessed for hurricane
damage.

Stand Condition Variables
The following items were recorded for
each sample:

Stand origin. This code identified
stands that had evidence of planting
or seeding.

Hurricane damage. This code specified
whether or not hurricane damage was
evident in the sample stand. It did
not indicate the severity of the
damage.

Past treatment. Up to three past
treatments were coded by using
standard FIA procedures. Only
treatments that occurred between the
1986 survey and the hurricane survey
were recorded.

Past disturbance. Any significant
natural or human-caused disturbance
such as disease, insects, or pre-
scribed fire that occurred after the
1986 survey was identified (not
including hurricane damage).

Treatment opportunity. At each sample
location, field crews determined what
treatments, if any, were needed to
improve existing conditions in the
stand. Possible recommendations
included salvage, harvest, thinning,
other stand improvement cuttings,
stand conversion, regeneration, and no
treatment.

Potential natural pine regeneration.
This item was coded to describe the
potential of hurricane-damaged stands
to regenerate naturally with pine.
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The coding basically described three
situations: stands that had adequate
existing regeneration, stands with an
adequate seed source (minimum basal
area of 10 ft?/acre), or stands that
did not have an adequate seed source.

Nonforest plot (Optional Item 1). This
item identified those samples that were
cleared to a nonforest land use since
1986.

Throw orientation (Optional Item 2).
Field crews, using standard FIA codes
for aspect description, coded the
predominant orientation of down or
leaning trees on the sample acre.

Tree Variables
The following variables were recorded
for individual trees on each plot:

Tree history. Each tree tallied was
assigned to one of six categories: (1)
pine ingrowth, tallied only in planta-
tions; (2) live tree with damage; (3)
mortality caused by the hurricane; (4)
mortality not caused by the hurricane;
(5) tree removed from timberland, not
associated with a salvage cutting
operation; and (6) tree removed as a
result of a salvage cutting or cleanup
operation. Live trees without damage
were not entered on the field forms;
information for these trees was
extracted from computer files for the
1986 inventory.

Species. A three-digit standard FIA
species code was assigned to each tree
tallied.

0ld d.b.h. The d.b.h. assigned in the
1986 survey was transferred to the
tally sheet used in the Hugo inventory.

Tree class. A tree class code was
assigned to each live tree tallied
using FIA merchantability standards.
Tree class was not changed from that
coded in the 1986 survey unless it
changed as a result of hurricane-
inflicted damage.

Cubic-volume loss. An estimate of the
percentage of the tree’s merchantable
volume missing because of hurricane
damage.

Percentage of crown missing. An esti-
mate of the percentage of live-tree
crown lost because of hurricane-related
damage. The crown ratic code noted in
the 1986 survey was used as a base for
making this determination.




Terminal leader missing. The absence
of the tree’'s terminal leader was
recorded if the breakage was caused by
the storm.

Bole condition. Any damage to the
bole of the tree was coded if the
damage was caused by the hurricane.

On a priority basis, injuries were
coded as: (0) no damage, (1) split or
twisted bole, (2) debris driven into
tree, and (3) tree bole skinned
through cambium.

Tree lean. The angle of lean was
recorded for each live tree. Lean was
defined as the degree from which the
first 12-foot section of the tree
varied from the vertical axis. A code
of "00" was recorded for a tree with
no deviation from vertical axis
associated with hurricane winds. A
code of "90" was used to describe a
live tree lying on the ground.

Tree bend. Tree bend was coded in the
same manner as tree lean except it was
measured from the ground to the tip of
the tree.

Distance to breakage. If the bole of
a tree was broken due to wind damage,
the distance in feet from the l-foot
stump to the point of breakage was
recorded.

Root damage. The field crews looked
for any evidence that the tree’s root
system had been damaged by the storm.
Root injuries were recorded as: (1)
no root damage, (2) roots exposed
(root sprung), and (3) root damage
below ground.

Cut-mortality period. For each tree
tallied that had either died or was

cut before the hurricane (tree history
6 or 8), a code was assigned to
describe when the mortality or removal
occurred. If the mortality or removal
occurred within the past year, a 1 was
recorded; 2 years ago, a 2 was
recorded.

Salt burn. Field crews assigned a
code to indicate the presence of crown
damage from airborne saltwater spray.
The brown or red foliage associated
with this damage was treated as
missing crown.

APPENDIX B: PROCEDURES AND
CRITERIA FOR ASSIGNING TREES
WITH HURRICANE DAMAGE INTO
DAMAGE RISK CATEGORIES

The 1990 inventory includes all trees
that were alive at the time field crews
visited each sample location. Several
kinds of damage were tallied during the
Hugo inventory and they can occur
singly or in multiples in any combina-
tion. This appendix documents the
procedures and criteria used to assign
trees to categories of damage that
reflect the tree’s risk of dying or its
present or potential value loss.

Damage/Risk Class Definition
The damage/risk classes utilized are
defined below. The terms "class 1,"

"class 2," and "class 3" are used
instead of descriptive adjectives such
as "severe," "moderate," or "light" so

that users will review the definitions
and criteria and attach descriptions
that fit each person’s assessment and
use of the data.

Class Description
1 High-risk trees with a high

probability of mortality in
the near future. Damage is
so severe that retention in
the stand until the end of

a rotation is not feasible.

2 Moderate-risk trees with an
elevated risk of dying
soon. Death is not as
"Imminent"” as in class 1.
Damage significantly
degrades present or poten-
tial value, especially for
high-value uses such as
sawlogs and veneer logs.
Tree growth is likely to be
reduced for a number of
years due to damages such
as loss of crown or root
damage. Retention in the
stand is questionable and
depends on tree and stand
age, product objectives,
etc.

3 Low-risk trees with a high
probability of survival.
Damage elevates the risk of
mortality, but reduced
growth and value degrade
will probably be minimal.

4 Trees without obvious
hurricane damage.




Criteria and Evaluation - Class 4 (healthy) was assigned
Procedure if no obvious hurricane damage was

Criteria for assigning trees to present.
damage/risk classes are provided for
the following combinations of species,
stand type, and tree size or age
class:

Class 1 was assigned if one (or
more) qualifying damage was present.
When listed, associated damages were
treated as a required combination with

Softwood species in planted stands-- the primary condition.

- Less than 5 years old
+ 5-20 years old
+ 21 years and older

If the criteria for assignment
to class 1 were not met, then criteria
for class 2 were evaluated in the same

Softwood species in natural stands-- manner as described above.

+ Saplings (1.0-4.9 inches)
Poletimber (5.0-8.9 inches)

+ Sawtimber (9.0 inches &
larger)

If no damages listed for class
2 were present, then damage assignment
defaulted to class 3.

The damage variables coded for each
tree and used in the damage/risk
classification process are described in
Appendix A.

Hardwood species in all stands--
- Saplings (1.0-4.9 inches)
* Poletimber (5.0-10.9 inches)
+ Sawtimber (11.0 inches &
larger)

The following procedure was used to
make the damage/risk class assignment
for each tree.

Table B.l--Damage/risk class criteria for softwood species in pine plantations less
than 5 years old

Damage/risk
class Primary condition Associated condition

4 (healthy) No obvious damage

1 Crown loss z 75%
Root sprung
Split/twisted bole
Lean/bend =z 60 degrees
Salt burn present Crown loss =z 30%
Volume loss (residual trees)
2 30%

2 Crown loss 40-74%
Lean/bend 15-59 degrees
Salt burn present Crown loss < 30%
Volume loss (residual trees)
10-29%
Terminal leader broken out

3 Crown loss 1-39%
Root damage below ground
Skinned bole/other bole damage
Lean/bend 1-14 degrees
Volume loss (residual trees)
1-9%
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Table B.2--Damage/risk class criteria for softwood species in pine plantations 5-20

years old

Damage/risk
class

Primary condition

Associated

condition

4 (healthy)
1

No obvious damage

Crown loss 2 75%

Root sprung
Split/twisted bole
Lean/bend = 45 degrees
Salt burn present
Volume loss =z 30%

Crown loss 40-74%

Lean/bend 15-44 degrees
split/twisted bole

Sskinned bole/other bole damage
Salt burn present

Terminal leader broken out
Volume loss 5-29%

Crown loss 1-39%

Root damage below ground
Skinned bole/other bole damage
Lean/bend 1-14 degrees

Volume loss 1-4%

Crown

Crown

Crown
Crown
Crown

Crown

loss

loss

loss
loss
loss

loss

z 50%

z 30%

< 50%
25%
30%

AN

< 25%

Table B.3--Damage/risk class criteria for softwood species in pine plantations
greater than 20 years old

Damage/risk
class

Primary condition

Assoclated

condition

4 (healthy)
1

No obvious damage

Crown loss =z 75%

Root sprung
Split/twisted bole
Lean/bend = 35 degrees
Salt burn present
Volume loss =z 30%

Crown loss 40-74%

Lean/bend 15-34 degrees
Split/twisted bole

Skinned bole/other bole damage
Salt burn present

Volume loss 5-29%

Crown loss 1-39%

Root damage below ground
skinned bole/other bole damage
Lean/bend 1-14 degrees
Terminal leader broken out
Volume loss 1-4%

Crown

Crown

Crown
Crown
Crown

Crown

loss

loss

loss
loss
loss

loss

50%

v

> 30%

< 50%
> 25%
< 30%

< 25%

139




Table B.4--Damage/risk class criteria for softwood saplings (1.0-4.9 inches d.b.h.)

in natural stands

Damage/risk
class

Primary condition

Associated condition

4 (healthy)
1

No obvious damage

Crown loss z 75%

Crown loss =z 50%

Root sprung
Split/twisted bole
Salt burn present
Lean/bend = 45 degrees

Crown loss 40-74%

Crown loss 25-49%
Split/twisted bole

Skinned bole/other bole damage
Lean/bend 15-44 degrees

Salt burn present

Terminal leader broken out

Crown loss 1-39%

Crown loss 1-25%

Root damage below ground
Skinned bole/other bole damage
Lean/bend 1-14 degrees

Dominant/codominant trees
Intermediate/suppressed trees

Crown loss = 50%

Crown loss = 30%

Dominant/codominant trees
Intermediate/suppressed trees
Crown loss < 50%

Crown loss = 25%

Crown loss < 30%
Dominant/codominant trees
Intermediate/suppressed trees

Crown loss < 25%

Table B.5--Damage/risk class criteria for softwood poletimber (5.0-8.9 inches
d.b.h.) in natural stands

Damage/risk
class

Primary condition

Associated condition

4 (healthy)
1

No obvious damage

Crown loss z 75%
Crown loss 2 50%

Root sprung
Split/twisted bole
Lean/bend = 45 degrees
Salt burn present
Volume loss =z 30%

Crown loss 40-74%

Crown loss 25-49%
Split/twisted bole

Skinned bole/other bole damage
Lean/bend 15-44 degrees

Salt burn present

Volume loss 5-29%

Terminal leader broken out

Crown loss 1-39%

Crown loss 1-25%

Root damage below ground
Skinned bole/other bole damage
Lean/bend 1-14 degrees

Volume loss 1-4%

Dominant/codominant trees
Intermediate/suppressed trees

Crown loss = 50%

Crown loss = 30%
Dominant/codominant trees
Intermediate/suppressed trees
Crown loss < 50%

Crown loss =z 25%

Crown loss < 30%

Dominant/codominant trees
Intermediate/suppressed trees

Crown loss < 25%
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Table B.6--Damage/risk class criteria for softwood sawtimber (9.0 inches d.b.h. and
larger) in natural stands

Damage/risk
class

Primary condition

Associated condition

4 (healthy)
1

No obvious damage

Crown loss =z 75%
Crown loss =z 50%

Root sprung
Split/twisted bole
Lean/bend = 35 degrees
Salt burn present
Volume loss 2= 30%

Crown loss 40-74%

Crown loss 25-49%
Split/twisted bole

Skinned bole/other bole damage
Lean/bend 15-34 degrees

Salt burn present

Volume loss 5-29%

Crown loss 1-39%

Crown loss 1-25%

Root damage below ground
skinned bole/other bole damage
Lean/bend 1-14 degrees
Terminal leader broken out
Volume loss 1-4%

Dominant/codominant trees
Intermediate/suppressed trees

Crown loss 2z 50%

Crown loss 2z 30%
Dominant/codominant trees
Intermediate/suppressed trees
Crown loss < 50%

Crown loss 2z 25%

Crown loss < 30%
Dominant/codominant trees

Intermediate/suppressed trees

Crown loss < 25%

Table B.7--Damage/risk class criteria for hardwood saplings (1.0-4.9 inches d.b.h.)

Damage/risk
class

Primary condition

Associated condition

4 (healthy)

1

No obvious damage

Crown loss =z 90%

Root sprung
Split/twisted bole
Lean/bend = 75 degrees

Crown loss 45-89%
Split/twisted bole

Skinned bole/other bole damage
Lean/bend 15-74 degrees

Crown loss 1-44%

Root damage below ground
Lean/bend 1-14 degrees
Terminal leader broken out

Lean/bend z 45 degrees
Crown loss 2 75%

Crown loss < 75%
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Table B.8--Damage/risk class criteria for hardwood poletimber (5.0-10.9 inches
d.b.h.)

Damage/risk
class Primary condition Associated condition
4 (healthy) No obvious damage
1 Crown loss z 90%
Root sprung Lean/bend 2 35 degrees
Split/twisted bole Crown loss =2 75%, or
Bole breakage in lower 20 ft
Lean/bend =z 60 degrees
Volume loss =z 30%
2 Crown loss 45-89%
Root sprung Lean/bend < 35 degrees
Split/twisted bole Crown loss < 75%, or
] Bole breakage above lower
20 ft
Skinned bole/other bole damage
Lean/bend 15-59 degrees
Volume loss 5-29%
3 Crown loss 1-44%

Root damage below ground
Lean/bend 1-14 degrees
Terminal leader broken out
Volume loss 1-4%

Table B.9--Damage/risk class criteria for hardwood sawtimber (11.0 inches d.b.h.
and larger)

Damage/risk ,
class Primary condition Associated condition
4 (healthy) No obvious damage
1 Crown loss > 90%
Root sprung Lean/bend 2 25 degrees
Split/twisted bole Crown loss =2 75%, or
Bole breakage in lower 20 ft
Lean/bend =z 45 degrees
Volume loss z 30%
2 Crown loss 45-89%
Root sprung Lean/bend < 25 degrees
Split/twisted bole Crown loss < 75%, or
Bole breakage above Lower
20 ft
Skinned bole/other bole damage
Lean/bend 15-44 degrees
Volume loss 5-29%
3 Crown loss 1-44%

Root damage below ground
Lean/bend 1-14 degrees
Terminal leader broken out
Volume loss 1-4%
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Appendix C: Detailed Tables

Table C.1--Period change in volume of softwood growing stock on timberland, by county and component of change,
for 23 counties in South Carolina, 1986-1990

1986 Gross Regular Hugo Net Regular Hugo Net 1990
County inventory growth mortality mortality growth removals removals change inventory
(Igg) (GG) M M) (NG) (TR Ry (NC) (Igg)

Thousand cubic feet

Berkeley 542,202 109,040 6,850 212,364 110,174 49,770 79,184  -239,128 303,074
calhoun 119,407 22,235 - 17,782 4,453 23,709 8,767 -28,023 91,384
Charleston 305,111 43,414 4,106 112,201  -72,893 34,329 34,258  -141,480 163,631
Chester 223,223 58,451 5,967 15,992 36,492 27,939 11,219 -2,666 220,557
Chesterfield 206,712 50,990 4,621 13,737 32,632 21,357 10,815 460 207,172
Clarendon 138,435 20,492 995 35,522 -16,025 17,752 27,956 -61,733 76,702
parlington 102,759 15,903 388 6,563 8,952 11,404 15,607 -18,059 84,700
Dillon 96,508 19,530 2,781 2,051 14,698 11,044 5,505 -1,851 94,657
Dorchester 226,376 31,316 4,585 20,689 6,062 53,544 13,325 -60,827 165,549
Fairfield 286,611 90,995 11,613 867 78,515 68,972 .- 9,543 296,154
Florence 242,192 42,479 5,208 18,659 18,612 78,253 6,884 -66,525 175,667
Georgetown 285,312 54,223 5,69 29,100 19,429 69,430 9,960 -59,961 225,351
Horry 388,917 67,958 5,349 4,883 57,726 71,5% 3,672 -17,540 371,377
Kershaw 185,948 42,864 2,840 13,941 26,083 65,993 13,961 -53,871 132,077
Lancaster 158,758 46,947 4,785 19,332 22,830 46,096 35,403 -58,669 100,089
Lee 85,669 16,707 4,064 15,963 -3,320 14,788 12,603 -30,711 54,958
Marion 158,473 27,006 3,519 4,930 18,557 35,361 4,858 -21,662 136,811
MarLboro 92,880 24,812 5,308 2,845 16,659 9,648 - 7,011 99,891
Orangeburg 211,080 38,538 7,302 14,837 16,399 68,385 838 -52,824 158,256
Richland 161,380 35,327 3,239 4,288 27,800 38,963 1,340 -12,503 148,877
Sumter 146,349 26,157 632 31,405 -5,880 18,278 36,545 -60,703 85,646
Williamsburg 271,340 49,581 3,262 28,513 17,806 40,336 41,344 -63,874 207,466
York 179,464 46,536 3,89 5,625 37,017 37,760 1,669 -2,412 177,052

Tota