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ABSTRACT

Overstory species composition dynamics following a major disturbance integrates both the characteristics of individual species and
competitive interactions. The purpose of this study was to monitor species composition shifts in several wetland and upland ecosystems
receiving varying levels of damage from Hurricane Hugo that took place in 1989. Fifty permanent plots were established among four
study sites in the Coastal Plain of South Carolina in 1994 and the trees and saplings re-inventoried in 1997, 2000, and 2003. Over the 10-
year study period, the species composition and dominance of most of the species did not change greatly; there was just the expected slow
growth of basal area. On several of the sites, especially those more heavily damaged, there was a large increase in the density of species in
the sapling size class that were not in the tree size class. Loblolly pine, hornbeam, redbay, deciduous holly, and wax myrtle are examples

of such species.
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INTRODUCTION

Understanding resiliency in forests to impacts of catastro-
phic disturbances, such as hurricanes, may form a basis for
restoration of ecosystem goods and services. An important
aspect of hurricane impact concerns the long-term effect of
this widespread wind damage. Lugo (2008) discusses hur-
ricane impact as “visible”, the immediate impact of wind
and rain, or “invisible” the long term alteration of ecosys-
tem structure and function due to differences in plants abil-
ity to recover after hurricane stress. While the immediate
impact of wind and rain has been reported for several recent
major hurricanes (e.g. Browkaw and Walker 1991; Ever-
ham and Browkay 1996; Haymond et al. 1996; Stanturf et
al. 2007; Kupfer 2008), the “invisible effects are best
understood only in tropical ecosystems (Lugo 2008). Our
best understanding of temperate forests comes from a long-
term recovery monitoring study of a hurricane damage on
sections of the Harvard forest that were damaged in 1938
by periodic re-sampling of permanent plots (Foster 1992;
Motzkin et al. 1999). In their studies, four growing seasons
after the storm, the basal area was relatively low and the
stem density was quite high compared to pre-storm levels.
After 46 growing seasons the pre- storm species were
regaining dominance, and the basal area and density were
returning to pre-storm levels.

For southeastern US forests, understanding is limited to
individual tree species resistance to hurricane wind damage
and management to minimize economic losses (Stanturf et
al. 2007). Several ecosystem level questions remain. Will
the damaged forests return to a pre-hurricane floristic com-
position via growth and regeneration of existing species, or
will secondary succession be initiated with pioneer species
invading? Will wetland forests, such as bottomland hard-
wood swamps and cypress-tupelo swamps, recover faster or
slower than upland pine or hardwood forests? Finally, does
the degree of wind damage the forest received affect the
pattern and timing of forest recovery? Answers to these
questions not only contribute to an understanding of forest

dynamics, but also measure forest health since resistance to
catastrophic change and the ability to recover from catastro-
phic change are characteristics of a healthy forest ecosys-
tem (Kolb et al. 1994).

Hurricane Hugo's movement through South Carolina in
1989 damaged 1.8 million hectares of timberland in 23
counties (Sheffield and Thompson 1992). Wind damage to
commercial timberland was documented by Sheffield and
Thompson (1992) and wind damage on selected non-com-
mercial forests was reported by Gresham et al. (1991)-
Hobcaw Forest; Hook et al. (1991)- Santee Experimental
Forest, Putz and Sharitz (1991)- Congaree National Park,
and Duever and McCollum (1992)- Beidler Forest. These
studies described the immediate short-term impact of the
hurricane on forest structure. A long-term monitoring study
was set up on the areas studied by these four papers to iden-
tify the resilience of coastal forests after Hurricane Hugo
(Fig. 1), These four sites were not subject to harvest of mer-
chantable sections of dead or damaged trees (salvage log-
ging) nor other management activities since the storm.
Since this was not a planned experiment of the seven forest
types examined, measurement plots were not evenly distrib-
uted among the seven timber types nor were all types pre-
sent at all study sites (Table 1). The distribution of plots
does allow examination of: remaining vs. invading species,
upland vs. wetland types, and variation among severity
levels of initial damage.

MATERIALS AND METHODS

The study that involved four study areas, seven forest types, and a
total of 50 plots, distributed as in Table 1. Plots were inventoried
in the summers of 1994, 1997, 2000, and 2003 by the following
methods. The use of permanent aluminum tree tags assured that
the data was accurately associated with each tree throughout the
entire study.
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Fig. 1 Map of the study areas and plots. Location of each area, in relation to the path of the center of Hurricane Hugo, is designated by triangle on larger
map of South Carolina. Plot locations in each area are designated by black cross in the individual photo-maps in each corner of the figure.

Study areas

(1) Beidler Forest (Lat. 33° 9’ N Long. 80° 19’ W): The Beidler
Forest is administered as a forest preserve and instructional forest
by the Nature Conservancy. It has a long history of research on
many aspects of the swamp ecosystem. There, 12 plots included
four plots representative of each of the three major wetland forest
types; cypress-tupelo stands at the lowest elevations, bottomland
hardwood (BLH) stands in the floodplain areas, and ridge-bottom
areas that are rarely flooded, a type unique to this wetland (Table
1). The plots at the Beidler Forest are 69 km from the coast and
were 21 km west of the center of Hugo.

(2) Congaree National Park (Lat. 33° 49" N Long. 80° 50" W):
This National Park Service Park was established in the floodplain
of the Congaree River south of Columbia S.C. in the late 1970s
and is the largest expanse of old-growth floodplain forest in Ame-
rica, with approximately 9,000 ha. Most of the floodplain supports
a bottomland hardwood forest type with creeks and sloughs sup-
porting a cypress-tupelo swamp. Subsections (1/5 ha) of ten one
hectare plots established by Putz and Sharitz (1991) were used in
this study (Table 1). One plot of tupelo swamp from the nearby
upland and was sampled as a unique forest type. The plots at the
Congaree National Park are 143 km from the coast and were 24
km west of the center of Hugo.

Table 1 Number of plots among sites and forest types.

(3) Hobcaw Barony (Lat. 33° 20’ N Long. 79° 12" W): Hobcaw
Barony, a 7,100 ha forested area on the southern tip of the Wac-
camaw peninsula north of Georgetown, S.C., is owned and
managed by the Belle W. Baruch Foundation. The Barony is
managed for research and forestry objectives and the plots located
on the Barony have been designated for this study since Hurricane
Hugo. The forest types at this site include longleaf pine (Pinus
palustris), a type unique to this site (Table 1). The plots Hobcaw
Barony are 5.5 km from the coast and were 72 km east of the
center of Hugo.

(4) Santee Experimental Forest (Lat. 33° 7' N Long. 79° 47" W):
The Santee Experimental Forest is a portion of the Francis Marion
National Forest (established as a National Forest in 1936) just
north of Charleston, SC. The pine-hardwood plots are in a control
watershed that has not been disturbed since 1969. The other plots
(Table 1) are in the floodplain of a small creek in the center of the
forest with earthen dikes that were used to control water for rice
cultivation during the 18 and 19™ centuries. One of these dikes
separates the cypress tupelo and BLH types. The Santee Experi-
mental Forest Plots are 28 km from the coast and were 14 km east
of the center of Hugo.

Cover type Study area Total
Beidler Forest Congaree NP Santee Forest Hobcaw
Cypress Swamp 4 3 4 4 15
Bottomland Hardwood 4 5 4 13
Upland Pine- Hardwood 1 4 4 9
Upland Hardwood 4 4
Longleaf Pine 4 4
Ridge Bottom 4 4
Tupelo Swamp 1 1
Total 12 10 12 16 50
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Table 2 1994 mean site type basal area (B.A., m*/ha) and density (stems/ha) for the tree and sapling size classes.

Study area Cover type Tree B.A. Sapling B.A. Tree density Sapling density
Beidler BLH 42.8 22 631 997
Ridge Bottom 15.5 3.6 445 1642
Cypress Tupelo 109.2 39 703 1580
Congaree BLH 58.4 0.6 571 347
Cypress Tupelo 69.7 1.3 744 484
Pine Hardwood 324 325
Tupelo Swamp 23.2 395
Hobcaw Cypress Tupelo 11.8 0.8 192 425
Upland Hardwood 22.1 1.5 321 778
Longleaf 7.3 2.1 205 980
Pine Hardwood 23.6 1.2 533 450
Santee BLH 13.1 34 458 1961
Cypress Tupelo 23.4 2.1 259 1118
Upland Hardwood 9.2 3.4 351 1680
Data collection A. 50
Trees — ™
. . L. 457 [ OCypress B Green Ash
Each plot is marked with a pipe in the corner (also located by GPS 01
coordinates) at the end of the access trail. The plots are 20 m wide
by 100 m long and divided into five 20 m x 20 m subplots. All = 351
woody stems, greater than 2.5 cm in Diameter at Breast Height “é 30 4 Saplings
(DBH) were marked with an aluminum tree tags. . Each tagged -
tree was measured in each plot, including its DBH, species, a 2 251
damage class, and permanently tagged with unique number. Trees $ 201
smaller than 2.5 cm in DBH were inventoried in ten 3.25 m radius o 15 1
subplots in each main plot by tallying woody stems by species and
height class. Measurements were made by these methods in 1994, 107
1997, 2000, and 2003. 5
Basal area was com}Z)uted for each tree from DBH measure- 0 = ‘ =] ‘ = =
ment and converted to m*/ha (n(d/2)* x 5/10000) Total basal area B
and number of stems were determined by species for each plot. © 1400 1 Salings
Importance Values were calculated by tree species combining both Trees ping
the percentages of basal area and number of stems within a plot 1200
(Helms 1998). With these parameters we looked at changes in both OCypress EGreen ash
the basal area and tree densities at different size classes to quantify <1000 1
forest dynamics during the 10-year measurement period. The basal 5
area and density for the major species in the tree and sapling size E 800 1
categories were plotted by study area and forest type over the time f:
period of the study. Stems with a DBH of 10 cm and above were g 600
considered trees; stems with a DBH of 2.5 to 9.9 cm were con- a
sidered saplings. 400 1
TR Tk EE
Initial average plot basal areca and stem density (all stems) 0 ' ' ' ' ‘
are given in Table 2. Changes during study are presented in 1994 1997 2000 2003Y83r1 994 2000 2003

Figs. 2-12. Please note that although all figures are uniform
in presentation the scale changes greatly for some overstory
types. Also some bars are not apparent at the scale chosen
to represent all species.

Beidler forest

In 1994 the cypress-tupelo overstory was mostly bald cyp-
ress (Taxodium distichum, 43.9 m*/ha, 105 stems/ha) and
swamp tupelo (Nyssa biflora, 50.7 mz/ha 286 stems/ha) and
the sapling size class was dominated by green ash (Fraxinus
pennsylvanica, 1,249 stems/ha) with a minor swamp tupelo
component (110 stems/ha).

The basal area of cypress increased slightly during the
study period (Fig. 2A) and there was a slight increase in the
density of tree-sized green ash stems (Fig. 2B). None of the
other species with tree-sized stems showed a noticeable
change. In the sapling size class, the high density of green
ash stems did not change much, and only laurel oak (Quer-
cus laurifolia, showed a noticeable increase during the
study period.

In 1994 the bottomland hardwoods were dominated by
sweetgum (quuldambar styraciflua, 9.5 m*/ha, 50 stems/
ha), laurel oak (7.3 m*/ha, 211 stems/ha), and bald cypress
(5.6 m*/ha, 54 stems/ha), with the sapling layer consisting
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Fig. 2 Basal area (A) and density (B) changes for cypress and green ash in
the cypress swamp forest type at Beidler Forest.

of laurel oak (219 stems/ha), hornbeam (Carpinus carolini-
ana, 142 stems/ha) green ash (113 stems/ha) and red maple
(Acer rubrum, 112 stems/ha). Tree-sized cypress increased
slightly in basal area (Fig. 3A). For the sapling size class,
sweetgum and green ash showed noticeable increases in
density (Fig. 3B) and slight increases in basal area. The
higher ridge-bottom plots had the lowest initial total basal
area, but were the most dlverse with the overstory consis-
ting of sweetgum (2.4 m*/ha, 35 stems/ha), green ash (2.0
m?’/ha, 5 stems/ha), water oak (Quercus nigra, 1.7 m*/ha, 40
stems/ha) and hornbeam (1.3 m%ha, 115 stems/ha), with
pignut hickory (Carya glabra) and American elm (Ulmus
americana) in lesser amounts. The sapling size class was
dominated by hornbeam (619 stems/ha), redbay (Persea
borbonia, 212 stems/ha), and lesser amounts of American
holly (Ilex opaca) and sweetgum. Sweetgum and hornbeam
tree basal area (Fig. 4A) and density increased noticeably
during the study period, with red maple and red hickory
(Carya ovalis) increasing much less. The other species did
not show a change in the basal area and density of the tree-
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sized stems. Hornbeam, redbay, and sweetgum sapling den-
sity increased greatly during the study period (Fig. 4B) with
American holly density increasing slightly. The basal area
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of redbay only increased noticeably (Fig. 4A).
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Fig. 4 Basal area (A) and density (B) changes for sweetgum, redbay, and
hornbeam in the ridge bottomland hardwood forest type at Beidler Forest.
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Fig. 6 Basal area (A) and density (B) changes for loblolly pine, wax
myrtle, and cypress in the cypress-tupelo forest type at Hobcaw Barony.

Congaree swamp national park

The cypress-tupelo forest type was dominated by water
tupelo (Nyssa aquatica, 46.0 m*ha), bald cypress (25.3
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Fig. 7 Basal area (A) and density (B) changes for loblolly pine and redbay
in the longleaf pine forest type at Hobcaw Barony.

m?*/ha) and swamp tupelo (11.0 m*/ha) in the tree size class
and water ash (Fraxinus caroliniana, 200 stems/ha) and red
maple (170 stems/ha) in the sapling size class in 1994. Both
water tupelo and bald cypress trees grew noticeably during
the 10-year study period (Fig. 5A), with the other tree spe-
cies not showing much growth. In the sapling stem size
class the density of red maple stems increased (Fig. 5B)
four-fold and the density of water ash decreased about 20%.

In 1994 the bottomland hardwood forest type was domi-
nated by sweetgum with a total basal area of 58.4 m’/ha,
and a sweetgum tree density of 95 stems/ha. Also contrib-
uting to tree basal area were green ash, American holly, and
swamp chestnut oak (Quercus michauxii). The sapling layer
was dominated by deciduous holly (//ex decidua) and paw-
paw (Asimina triloba). This forest type showed little change
during the study period. Sweetgum tree density decreased
slightly and American holly tree density increased slightly.
For saplings, deciduous holly density decreased slightly.

The single pine-hardwood upland plot was dominated
by loblolly pine SPmus taeda, 17.7 m’/ha, 35 stems/ha),
sweetgum (6. 9 m/ha, 50 stems/ha) willow oak (Quercus
phellos, 2.9 m*/ha, 10 stems/ha), and hornbeam (2.6 m*/ha,
150 stems/ha) in 1994. Sapling data was not available. This
forest type did not change during the measurement period,
with the exception of a slight decrease in the density of
American holly trees and a slight increase in hornbeam tree
density.

The single tupelo swamp plot was dominated by swamp
tupelo (18.1 m*/ha, 220 stems/ha), red maple (2.9 m*/ha, 30
stems/ha), sweetgum (1.1 m*ha, 45 stems/ha), and laurel
oak (0.7 m*/ha, 60 stems/ha) in 1994. Sapling data was not
available. There was an increase in the basal area of water
tupelo and density of American holly and sweetgum. Other-
wise this plot changed little during the study.

Hobcaw barony

The cypress-tupelo plots are within drainage 100 m from
the salt marsh of North Inlet. This drainage was filled with
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salt water during the Hurricane to a depth of approximately
2 m. The 1994 tree strata consisted of blackgum (Nyssa syl-
vatica, 4.3 m’, 82 5 stems/ha), bald cypress (3.8 m?/ha),

1aurel oak (1 4 m°/ha, 10 stems/ha), and red maple (0.8
m*/ha, 5 stems/ha). Most of the sapling-sized stems were
wax myrtle (Morella cerifera, 251 stems/ha), loblolly pine
(46.3 stems/ha), and redbay (32.5 stems/ha). During the
study period, the major species, blackgum showed no change
in the tree strata, but loblolly pine increased from a minor
part of the tree strata (Fig. 6A), to slightly less basal area
and density than blackgum. Cypress tree density increased
slightly, but the other tree species remained unchanged
during the 10-year period. In the sapling layer, wax myrtle
increased 10-fold from 251 stems/ha to 1,873 stems/ha (Fig.
6B). Cypress and loblolly saplings also increased, producing
a much denser sapling layer at the end of the study, while
redbay also showed the similar trend.

The longleaf plots were on mesic sites. In 1994 the tree
strata was dominated by longleaf pine (4.5 m%ha, 46.3
stems/ha) and loblolly pine (2.6 m */ha, 14 stems/ha) The
sapling size class was mostly loblolly pine (475 stems/ha),
sweetgum (252 stems/ha) and blueberry (Vaccinium corym-
bosum, 137 stems/ha). During the study period, loblolly
pine became more predominant in the tree strata (Fig. 7A),
and longleaf did not change. In the sapling strata, redbay
increased dramatically from 24 to 626 stems/ha and loblolly
pine density almost doubled (Fig. 7B).

The pine-hardwood plots were adjacent to the salt
marsh and were also inundated with at least 2 m of salt-
water durlng Hugo. The 1994 tree stratum was composed of
loblolly pine (15.6 m*/ha, 307 stems/ha), pond pine (Pinus
serotina, 5.0 mz/ha 60 stems/ha) and live oak (Quercus
virginiana, 1.6 m /ha 79 stems/ha). The 1994 sapling strata
was live oak (130 stems/ha) wax myrtle (90 stems/ha),
sweetgum (88 stems/ha), and loblolly pine (56 stems/ha).
During the study period, loblolly pine basal area and den-
sity increased noticeably (Fig. 8A), and live oak changed
little. The loblolly pine tree basal area decreased between
the 2000 and 2003 sampling, but the tree density remained
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Fig. 9 Basal area (A) and density (B) changes for loblolly pine, sweetgum,
and wax myrtle in the upland hardwood forest type at Hobcaw Barony.

the same, possibly indicating mortality of some large pines.
In the sapling strata, loblolly pine density increased 100
fold from 56 stems/ha to over 5500 stems/ha in 2003 (Fig.
8B). The other sapling species remained unchanged.

The upland hardwood plots were on excessively well-
drained sands on ancient beach ridges and had a tree stra-
tum of 10b1011y pine (4.6 m’/ha, 81 stems/ha), sweetgum
(3.2 m*ha, 58 stems/ha), longleaf pine (2.5 m ’/ha, 13
stems/ha), and southern red oak (Quercus falcata, 2.4 mz/ha,
15 stems/ha) in 1994. Loblolly pine dominated the sapling
strata (332 stems/ha), while sweetgum (140 stems/ha), wax
myrtle (135 stems/ha), and redbay (84 stems/ha) comprised
the sapling strata also. Loblolly pine tree basal area tripled
(Fig. 9A) and its density increased much less during the
study period. The other tree species changed little except
sweetgum basal area, which increased slightly. In the sap-
ling strata, loblolly pine sapling density more than doubled
(Fig. 9B) and wax myrtle density doubled.

Santee experimental forest

The cypress-tupelo plots were adjacent to the BLH plots
and were divided by Nicholson creek. Initially, bald cypress
contributed 10. 3 m°/ha (30 stems/ha) of this forest type
(total of 23.4 m ’/ha in basal area). Less dominant tree strata
species included sweetgum (2.7 m*/ha, 11.3 stems/ha), lob-
lolly pine (2.3 m /ha stems/ha), and overcup oak (Quer-
cus lyrata, 1.2 m /ha 5 stems/ha). Laurel oak (224 stems/
ha), green ash (187 stems/ha) hornbeam (170 stems/ha),
and American holly (99 stems/ha) constituted the sapling
strata. The basal area and density of laurel oak trees almost
tripled during the study period (Fig. 10A, 10B) while the
basal area and density of the other tree species changed
little. In the sapling strata, green ash and hornbeam in-
creased greatly. Green ash density almost tripled and horn-
beam density more than doubled (Fig. 10B). Other species
in the sapling strata did not increase noticeably in density.
The bottomland hardwood plots had a tree stratum of
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and hornbeam in the cypress-tupelo forest type at Santee Experimental
Forest.

red maple (3.7 m*/ha, 160 stems/ha) sweetgum (2.9 m*/ha,
75 stems/ha) green ash (1.6 m*/ha, 41 stems/ha), and laurel
oak (1.5 m*/ha, 21 stems/ha). Red maple constituted about a
third of the saphng strata (686 stems/ha), with laurel oak
(327 stems/ha), hornbeam (173 stems, ha), and slippery
bark elm (Ulmus rubra, 132 stems/ha) being the other com-
mon sapling species in 1994.

During the study period, red maple and laurel oak tree
basal area increased greatly, with a much smaller increase in
density, indicate tree diameter growth (Fig. 11A). The other
tree-strata species changed little during the 10-year period.
The density of the sapling strata increased greatly, primarily
due noticeable increases in hornbeam, laurel oak, and red
maple sapling density (Fig. 11B).

The pine-hardwood plots were in an upland forest that
had a canopy of large loblolly pines that were mostly des-
troyed by the hurricane. By 1994 total tree strata basal area
was 9.2 m’/ha with loblolly pine contributing 4.9 m */ha (70
stems/ha). Less predominant tree species 1ncluded black-
gum (1.5 m*ha, 105 stems/ha), water oak (1.1 m*ha, 66
stems/ha), and sweetgum (0.9 m’/ha, 59 stems/ha). The
dense sapling strata consisted of water oak (323 stems/ha),
blackgum (295 stems/ha), sweetgum (266 stems/ha), and
loblolly pine (247 stems/ha? Loblolly pine tree stem basal
area increased from 4.9 m*/ha to over 9.0 m*/ha in 2003
with a much less increase in tree density (Fig. 12A). Black-
gum and water oak tree basal area increase much less than
loblolly pine. Loblolly pine sapling density increased
almost 8-fold from 245 stems/ha to 1,660 stems/ha (Fig.
12B). Water oak showed a slight increase in sapling density
(and the other sapling species changed little.

DISCUSSION

The findings highlight the variability of hurricane recovery.
Brokaw and Walker (1991) found great variability of hur-
ricane impact in tropical and temperate forests. They com-
pared 15 hurricane damage studies and found branch
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damage varied from 13-72% of all stems, snapped trunks on
8-44% of all stems, uprooting of 4-91% of all stems, and
death of 1-95% of all stems. Much of the variability in
damage, on a regional scale, can be explained by wind dis-
tribution within the hurricane, while topographic modifica-
tion of the predicted wind field best predicts distribution of
damage to individual trees or stands in mountainous terrain
(Boose et al. 1994; Busby et al. 2008). Finally, individual
species of the southeastern forest differ in their resistance to
hurricane damage (Touliatos and Roth 1971; Barry et al.
1993; Stanturf et al. 2007).

These study results must be viewed in light of the dif-
ferences in original damage in each of the four study sites
and differences in the resistance of the species of the stand
types. Among the four sites, the Santee Experimental Forest
was nearest to the northeast eyewall of Hurricane Hugo
(Fig. 1, the area of peak winds in Northern Hemisphere hur-
ricanes and typhoons, Busby ef al. 2008) and received the
greatest wind damage, with up to 90% mortality (Hook et al.
1991). While Hobcaw was 72 km east of the eyewall and
had lower rates of mortality from wind (Gresham et al.
1991), it is also within 5 km of the ocean and received a
surge of up to 2 meters of seawater roughly 1 km into the
forest (Gardner et al. 1991). Salt water remained in the soil
and caused delayed mortality at least 18 months after the
storm (Williams 1996). Both Congaree Swamp and the
Beidler Forest were to the southwest of the center of the
storm (Fig. 1, Sheffield and Thompson 1992). Beidler For-
est is nearer to the coast and had overall mortality of 21%
two years after the storm (Duever and McCollum 1992).
Congaree swamp is over 100 km inland and only 33% of
the surveyed trees were considered seriously damaged and
only 18% uprooted or snapped off (Putz and Sharitz 1991).

Cypress and tupelo are both resistant to wind mortality
(Stanturf et al. 2007) and cypress-tupelo swamps are the
only forest type that exists in all four forest sites (Table 1).
At both Congaree and Beidler, the cypress-tupelo plots were
dominated by mature trees that survived the storm. The only
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Fig. 12 Basal area (A) and density (B) changes for loblolly pine and water
oak in the pine-hardwood forest type at Santee Experimental Forest.

changes were a slight increase in growth and increase in the
number of red maple saplings, both probably due to greater
understory sunlight. The cypress-tupelo plots at Hobcaw
were subject to salt water mortality for which cypress is
more tolerant (Stanturf et al. 2007). There, the decline of
swamp tupelo increased the dominance by cypress and also
allowed loblolly pine seedlings to become established and
dominate the sapling understory, along with redbay and wax
myrtle shrubs. At Santee the cypress-tupelo overstory was
greatly reduced by the stronger wind and a combination of
laurel oak, green ash, and hornbeam are increasing in num-
ber and basal area. Laurel oak appears to have been in ad-
vanced reproduction as much of the increase has been in the
tree size class. Green ash and hornbeam are more likely
seedlings or sprouts as they are primarily saplings, which
one would expect for trees 14 years or younger.

Upland pine hardwoods, which exist in every site but
Beidler, have many species that are intermediate resistance
or susceptible to wind damage (loblolly pine, water oak,
willow, laurel oak) (Gresham et al. 1991; Stanturf et al.
2007). Loblolly pines remained or increased in dominance
at all three sites. Note that in both the Hobcaw and Santee
sites, the small loblolly pine stems dramatically increases
during the 10-year period from 4-14 years after the hur-
ricane, indicating continued seedling establishment for an
extended period after the storm. The shade intolerant lob-
lolly pines have been able to exploit the increase in sunlight
due to higher mortality in this stand type. The unique long-
leaf pine type at Hobcaw had a similar increase in loblolly
pine, as both growth of survivors and establishment in the
sapling size class.

Like upland pine hardwoods, the bottomland hardwood
types also have many intermediate resistance and suscepti-
ble species. Although this stand type only existed at the two
sites with lower wind speeds the type had more damage at
both sites. Sweetgum is playing the same role on these sites
as loblolly pine in the pine hardwood types. The unique
ridge bottomland hardwood type at Beidler also shows rel-
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Fig. 13 A diagram of possible responses of individual species within a
forest type after hurricanes adapted from Batista and Pratt (2003).

ease of understory hornbeam and redbay in addition to in-
creases in sweetgum.

While this study has shown differences in recovery to
be influenced by location in relation to the storm track and
the extent of hurricane damage, it has not produced much
insight into resilience of ecosystems or an inherent dif-
ference between upland and wetland forests. Better insight
may come from a different view of ecosystem dynamics.
Ecosystem resistance and resilience often are expressed in a
Clementsian view of ecosystems that return to fixed equi-
librium by succession after a disturbance. However, if we
adapt a more Gleasonian view of ecosystems being self-
organized systems of individual plant species that may have
multiple successional pathways and equilibria (Uriarte et al.
2009), then our results are consistent with other studies of
hurricanes in tropical and temperate areas. Bellingham et al.
(1995) and Batista and Pratt (2003) present a useful new
interpretation to resistance and resilience in regard to re-
covery of individual species within a forest type as a simple
diagram of possible responses (Fig. 13). A species can be
resistant to hurricane effects: no effect on survival or
growth of adult trees, no change in recruitment or growth of
young. Or it can be resilient: decrease in survival and
growth of adults, but increased recruitment and growth of
young. They (Batista and Pratt 2003) also add two classes,
susceptible: decrease of growth and survival of adults and
no change or decrease in recruitment and growth of young,
and usurper: little or no effect on adults and increase in
recruitment or growth of young (Fig. 13).

Although our study lacks data on pre-hurricane mor-
tality and does not allow the quantitative analysis used by
Batista and Pratt (2003), we can make qualitative judgments
as Bellingham ef al. (1995). We can see relatively resistant
(cypress, tupelo, longleaf) species, relatively resilient
(sweetgum, loblolly pine, laurel oak), susceptible (willow,
water, laurel oaks), and usurpers (hornbeam, and loblolly).
Some have proposed similar distinctions of resistant (Bou-
cher et al. 1990; Tanner et al. 1991) and resilient species
(Boucher et al. 1994; Lugo and Scatena 1996) within tropi-
cal systems exposed to hurricanes. The concept of suscepti-
ble and usurper are only meaningful in a stand or popula-
tion context and have been primarily used by Bellingham et
al. (1995). The results of qualitative comparisons may show
a particular species in more than one role. Loblolly pine
was a resilient species in the pine-hardwood type but a usur-
per in longleaf and cypress-tupelo stands. Large laurel oak
are highly susceptible to hurricane winds (Gresham et al.
1991) but saplings and sprouts were able to play a usurper
role in the cypress tupelo stands at Santee. The role of a
resilient species may also vary based on the degree of
damage. In Santee and Hobcaw the large cypress and tupelo
were removed by high winds and salt water, respectively.
Resilient loblolly pine became a usurper at Hobcaw, where
salt killed advanced reproduction and seedling for several
years, by prolific seed production. Without salt poisoning,
laurel oak sprouts and advanced regeneration filled that role
at Santee. Although limited data in this study show longleaf
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pine to be a resistant species at Hobcaw (wind speed app.
130-170 km/ph), data from the Francis Marion Forest
showed it is susceptible to higher wind speeds (wind speed
app. 210 km/h) (Hook et al. 1991).

CONCLUSION

This paper reports the changes in seven forest types from
four locations that differed in initial damage due to their
location in relation to the path of the hurricane for years 4
to 14 after the storm.

1) Little to no change was observed in the basal area and
density of many tree and sapling species in all study areas.
The tree strata in the Beidler cypress-tupelo plots and to a
lesser extent the BLH plots, the BLH plots in the Congaree
Park and the cypress-tupelo plots of Hobcaw Barony,
changed little during the 10-year study period. This sug-
gests that many common southeastern species are resistant
to damage by moderate hurricane winds. However this was
not true in the most heavily damaged plots in the Santee
Experimental Forest, suggesting that resistance is a function
of wind speed as well as forest species.

2) For several forest types, the species with the greatest
increase in sapling density and to a lesser extent, basal area,
were not the predominant species in the tree strata. In the
Beidler Forest BLH plots ash was not a significant canopy
component, but ash saplings increased greatly. Other sap-
ling species showing great density increases are hornbeam,
redbay, deciduous holly, and wax myrtle; and none of these
were a major component of the tree strata. Batista and Pratt
(2003) also concluded the hornbeam was a usurper species
and they thought it required frequent hurricane damage to
remain in the forest. Thus it appears that these species
responded the fastest to the increase in site resources.

3) Loblolly pine, a recognized pioneer species, responded
greatly to the increase in site resources by greatly increasing
tree basal area and sapling density in several forest types at
several study areas. In the pine-hardwood type it was a
resilient species, while on Hobcaw Barony, loblolly pines
became much more predominant in the cypress-tupelo and
longleaf pine forest types, where it was a minor component
at the beginning of the study. This was more evident on the
pine-hardwood plots of Hobcaw and the Santee Experimen-
tal Forest, on both of which Hurricane Hugo damages were
apparent, loblolly pine trees grew rapidly and loblolly sap-
lings became much more abundant.

This study only represents a 10-year period, from 4 to
14 years after the hurricane, and cannot predict the long-
term impacts of the hurricane. For example, loblolly pine
and laurel oak are only moderately tolerant of flooding
(Hook 1984) and survival of these species on sites formerly
occupied by cypress and tupelo (highly flood tolerant) may
be in jeopardy during a “wet” period. However, even this
short period shows that initial hurricane wind speed inter-
acts with species resistance to result in a variety of respon-
ses.

ACKNOWLEDGEMENTS

This research was funded by Andrew W. Mellon Foundation. We
would like to deeply thank the following agencies for their sup-
ports and help: Nature Conservancy at the Beidler Forest, US
National Park Service at Congaree National Park, Belle W. Baruch
Foundation at Hobcaw, and US Forest Service at the Santee Expe-
rimental Forest. Technical Contribution No. 5788 of the Clemson
University Experiment Station under project number SC-1700405.

REFERENCES

Barry PJ, Doggett C, Anderson RL, Swain KM (1993) How to evaluate and
manage storm-damaged forest areas. Management Bulletin R8-MB-63, U.S.



Monitoring Hurricane Hugo recovery on South Carolina coastal plain forests. Song et al.

Dept. Agric. Forest Service Region 8, Atlanta, GA

Batista WB, Pratt WJ (2003) Tree population responses to hurricane distur-
bance: Syndromes in a south-eastern USA old-growth forest. Journal of Ecol-
ogy 91 (2), 197-212

Bellingham PJ, Tanner EVJ, Healey JR (1995) Damage and responsiveness
of Jamaican Montane tree species after disturbance by a hurricane. Ecology 7
(6), 2562-2580

Boose ER, Foster DR, Fluet M (1994) Hurricane impacts to tropical and
temperate forest landscapes. Ecological Monographs 64 (4), 369-400

Boucher DH, Vandermee JH, Mallona MA, Zamora N, Perfecto I (1994)
Resistance and resilience in a directly regenerating rain forest: Nicaraguan
trees of the Vochysiaceae after Hurricane Joan. Forest Ecology and Manage-
ment 68, 127-136

Boucher DH, Vandermeer JH, Yih K, Zamora N (1990) Contrasting hur-
ricane damage in tropical rain forest and pine forest. Ecology 71, 2022-2024

Brokaw NVL, Walker LR (1991) Summary of the effects of Caribbean hur-
ricanes on vegetation. Isotropic 23 (4) Part A. Special Issue: Ecosystem,
Plant, and Animal Responses to Hurricanes in the Caribbean, 442-447

Busby PE, Motzkin G, Boose ER (2008) Landscape-level variation in forest
response to hurricane disturbance across a storm track. Canadian Journal of
Forestry Research 38, 2942-2950

Duever M, McCollom J (1992) Hurricane Hugo effects on old-growth flood-
plain forest communities at Four Hole Swamp, South Carolina. In: Pro-
ceedings of the Seventh Biennial Southern Silvicultural Research Conference,
USDA Forest Service, SFES General Technical Report SO-93, pp 197-202

Everham EM III, Brokaw NVL (1996) Forest damage and recovery from
catastrophic wind. The Botanical Review 62, 113-185

Foster DR (1992) Land-use history (1730-1990) and vegetation dynamics in
central New England, USA. Journal of Ecology 80, 753-772

Gardner LR, Michener WK, Williams TM, Blood ER, Kjerve B, Smock LA,
Lipscomb DJ, Gresham CA (1991) Disturbance effects of hurricane Hugo
on a pristine coastal landscape: North Inlet, South Carolina, USA. Netherland
Journal of Sea Research 30, 249-263

Gresham CA, Williams TM, Lipscomb DJ (1991) Hurricane Hugo wind
damage to southeastern U.S. coastal forest tree species. Biotropica 23, 420-
426

Haymond JL, Hook DD, Harms WR (1996) Hurricane Hugo: South Carolina

68

forest land research and management related to the storm. USDA Forest Ser-
vice South Research Station General Technical Report SRS5, 540 pp

Helms JA (1998) The Dictionary of Forestry, CABI Publishing, 224 pp

Hook DD, Buford MA, Williams TM (1991) Impact of Hurricane Hugo on
South Carolina coastal forests. Journal of Coastal Research SI8, 291-300

Hook DD (1984) Water logging tolerance of lowland tree species of the South.
Southern Journal of Applied Forestry 8 (3), 136-149

Kolb TE, Wagner MR, Covington WW (1994) Concepts of forest health.
Journal of Forestry 92, 10-15

Kupfer JA, Myers AT, McLane SE, Melton GN (2008) Patterns of forest
damage in a southern Mississippi landscape caused by Hurricane Katrina.
Ecosystems 11, 45-60

Lugo AE, Scatena FN (1996) Background and catastrophic tree mortality in
tropical moist, wet, and rain forests. Biotropica 2 (8), 585-599

Lugo AE (2008) Visible and invisible effects of hurricanes on forest ecosys-
tems: An international review. Australian Ecology 33, 368-398

Motzkin GM, Wilson P, Foster DR, Allen A (1999) Vegetation patterns in
heterogeneous landscapes: The importance of history and environment. Jour-
nal of Vegetation Science 10, 903-920

Putz FE, Sharitz RR (1991) Hurricane damage to old-growth forest in Con-
garee Swamp National Monument, South Carolina, U.S.A. Canadian Journal
of Forestry Research 21, 1765-1770

Sheffield RM, Thompson MT (1992) Hurricane Hugo effects on South Caro-
lina's forest resource. USDA Forest Service Southeast Forest Experiment Sta-
tion Research Paper SE-284

Stanturf JA, Goodrick SL, Outcalt KW (2007) Disturbance and coastal for-
ests: A strategic approach to forest management in hurricane impact zones.
Forest Ecology and Management 250, 119-135

Tanner EVJ, Kapos V, Healey JR (1991) Hurricane effects on forest ecosys-
tems in the Caribbean. Biotropica 23, 513-521

Touliatos P, Roth E (1971) Hurricanes and trees: Ten lessons from Camille.
Journal of Forestry 69, 285-289

Williams TM (1996) Verification of contaminant flow with GIS and aerial pho-
tography. In: Environmental Problem Solving with Geographic Information
System. USEPA Conference Proceedings. EPA/625/R-95/004, Center for
Environmental Research Information, Cincinnati OH, pp 74-81



