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Abstract:



On September 22, 1989 Hurricane Hugo made landfall on the coast of South Carolina.  The storm maintained hurricane status as it moved inland causing damage to forests in 23 South Carolina counties.  At the Congaree Swamp National Monument in Richland County winds reached 160 km / hr and up to nearly 40% of trees were seriously damaged in wetland forests.  The damage created a substantial amount of woody litter on the forest floor.  Woody litter has many ecological functions including nutrient cycling, erosion reduction, and wildlife habitat.  This study proposes to inventory characteristics of woody debris at the Congaree Swamp.  This study will also sample terrestrial amphibians through pitfall trapping.

Statement of issue:

Research proposed in this study plan will investigate the role of natural disturbance in wetland forests of South Carolina.  Study plots will be examined for differences in woody debris characteristics in relation to varying levels of hurricane disturbance and forest type.  This study will also seek to identify the functionality of woody debris by monitoring its use by terrestrial amphibians.


Literature Review:




Forested Wetlands

Definition and Location


Wetland forests commonly occur on the coastal plain regions of the southern Atlantic and Gulf Coast states.  An estimated 6.6 to 13 million acres of forested wetlands are thought to exist in this region (Sharitz and Mitsch 1993).   The state of South Carolina hosts an estimated 2.9 million acres of forested wetlands (Brown 1997). Southern-forested wetlands are chiefly comprised of bottomland hardwood species as well as cypress (Taxodium distichum) and tupelo (Nyssa spp.) communities.  

Ecology


Forest communities having the presence of a hydric soil, hydric vegetation, and wetland hydrology are delineated as wetland forests (Brown 1997). The hydrology of forested wetlands is key in the ecological processes of these communities. Wetland forests typically occur on river floodplains with rich alluvial soils. Because of their flat topography, these communities are subject to seasonal flooding (Hupp 2000).  Scattered depressions throughout the landscape fill with water after a precipitation event.  Excessive precipitation, particularly in the winter, is stored in these wetlands for several months (Kellison et al. 1998).  Besides serving as a storage area, forested wetlands serve as filters by trapping sediments and recycling nutrients filtered from the water (Lockaby and Walbridge 1998).

Wetland forests also serve host to an abundance of plant and animal species.  The high productivity of these sites is reflected in the wealth of biota that inhabits these communities (Wigley and Lancia 1998).  Forested wetlands provide habitat for fish, invertebrates, herpetofauna, mammals, and birds (Howard and Allen 1988; Burdick et al. 1989; Madison 1997).

Role of Disturbance


Disturbances in wetland forests have the potential to alter the community structure greatly.  Disturbances can range from broken or uprooted trees to large patches of downed trees.  Wind damage is a common source of canopy disturbance for forested wetlands.  Wind gusts can result in breakage and uprooting of trees under moist soil conditions (Hodges 1998).  Moderate damage can result from wind gusts and thunderstorm downbursts while extensive damage can result from sustained winds associated with hurricanes.  Canopy disturbances have been found to increase herbaceous biomass while allowing the release of understory vegetation (Perison et al 1998).  Fallen trees and limbs provide refuge for many species of wildlife (Loeb 1990).

Hurricane Influence on Southern Forests

Background


Landfall of hurricanes is a common phenomenon for states along the Atlantic and Gulf coasts of the United States.  Hurricanes form over warm tropical waters and are carried by prevailing winds.  Hurricanes are strongest over water because they derive strength from the heat released by condensation.  The center of the storm is known as the “eye”, where weather is calm.  The eye wall, however, consists of towering clouds with heavy rains and strong winds.  Bands of clouds extend from the center, giving it a spiral pattern. In the Northern Hemisphere, hurricanes have a counter-clockwise swirl, which makes the left side of the storm the strongest.  (Purvis 1996)

Hurricanes hit the southern coast of the United States at a rate of one or more every three years during the months of June through November (Purvis 1996).  On average, South Carolina experiences a hurricane every seven years (Dukes 1984).  In the past half-century, South Carolina has sustained damage from four major storms: Hazel in 1954, Gracie in 1959, David in 1979, and Hugo in 1989 (Purvis 1996).  

Many factors influence how a hurricane will affect a forest.  Intensity varies from storm to storm as well as within the storm.  Hurricane wind speeds range from 120 km/h to greater than 250 km/h.  Hurricane impacts can range from the near destruction of entire forests to small isolated canopy gaps (Brokaw and Grear 1991; Greenberg and McNab 1997).  Individual tree damage can range from uprooting or breakage of the bole to crown or the loss of leaves (Whigham et al.  1991).  The amount damage varies with wind speeds and can be different among species (Gresham et al. 1996).  

Hurricane Hugo


On September 21, 1989, the 32-km wide eye of Hurricane Hugo made landfall near Charleston, SC (Purvis 1996).  The category 4 hurricane continued ashore in the early hours of September 22.  Just north of Charleston at Bulls Bay, maximum wind speeds were estimated at 217 km/h (Brennan 1991).   The storm weakened, but maintained hurricane status as it passed through inland South Carolina and entered North Carolina near Charlotte.  It was determined that approximately 700,000 ha of forest were damaged by wind or storm surge (Hook et al.  1996).  Coastal forests within the eye wall of the storm sustained the greatest damage where nearly 90% of trees were blown down (Hook et al.  1996).  Forests outside of the eye wall were less impacted, where damage varied among species (Gresham et al.  1996).   

Coarse Woody Debris

Description of Coarse Woody Debris


The term coarse woody debris (CWD) refers any standing or fallen dead woody material greater than 7.5 cm in diameter (Harmon et al. 1986).  CWD is found in the form of standing dead trees (snags), fallen trees and limbs.  The death of trees and limbs can be attributed to such causes as: fire, insects, wind, disease, competition, and anthropogenic factors.  These events may occur at different scales ranging from individual trees or limbs falling to natural disasters, thus influencing the level of CWD loading (Sharitz 1993).


The chemical make up of dead woody material influences nutrient cycling in forest soils.  Concentrations of carbon, nitrogen, and phosphorus are found in CWD (Laiho and Prescott 1999).  The concentrations of these minerals change over time through decomposition (Polit and Brown 1996; Hagan and Grove 1999).  Decomposition occurs as organisms such as microbes, fungi, and insects invade the woody material. Wood is composed of carbohydrates in the form of cellulose and hemicellulose.  These structures are readily degraded by microorganisms (Tainter and McMinn 1999).

Accumulation and Loss of Woody Debris

Loading of CWD is based on the equilibrium of the input of woody material minus its decomposition.  CWD can accumulate progressively over time from the gradual death of trees throughout succession or rapidly through major episodic disturbances (Van Lear 1993).  In terms of forest succession, loading of CWD is usually lowest when forests experience a steady growth phase (Hagan and Grove 1999).  Loading of CWD can vary among forest types (Hagan and Grove 1999).  Decomposition of CWD can vary with size and environmental conditions (Van Lear 1993 –CWD sym) and therefore has the potential to persist for long periods of time (Harmon and Hua, 1991).  

Ecological Importance of Woody Debris

The presence of dead woody material has the capacity to influence ecosystems for in various ways.  CWD in ecosystems is important to nutrient cycling, moisture retention, erosion reduction, and wildlife cover (Hagan and Grove 1999).  Fallen boles trap nutrients such as carbon and nitrogen for extended periods (Hart 1999).  This is particularly true with large accumulations of debris following large-scale disturbances (Zimmerman et al. 1995), however, these concentrations drop with wood decomposition and are released into the soil (Polit and Brown 1996).    


Coarse woody debris can provide habitat for many species of invertebrates and vertebrates.  Invertebrate species such as centipedes, millipedes and land snails rely on CWD for cover and forage (Caldwell 1993).  Coarse woody debris also provides earthworms with cover and food resources and in turn, earthworms enhance decomposition of the wood (Hendrix 1993).  Organisms of higher trophic levels, such as small mammals and herpetofauna also rely heavily on CWD (McCay 2000). 

Uses of Coarse Woody Debris by Amphibians



Because of relatively restricted dispersal and migration ranges, amphibians must find important habitat requirements at a fine scale.  Home ranges may vary with size or among species, however, are generally found within proximity to some means of cover (Duellman and Trueb 1994).  In some cases, terrestrial amphibians may spend their entire adult life in a single protected structure (Stebbins and Cohen 1995).  Amphibians seek shelter under rocks, leaf litter, subterranean refugia, root masses, and woody debris. 

Amphibians use CWD for nesting, calling sites, foraging, thermoregulation, and protection from desiccation (Whiles and Grubaugh 1993).   Studies have shown that amphibian abundance increases with an increase in woody cover (Grover 1998; Metts et al. 2001).  Butts and McComb (2000) found that the likelihood of encountering a salamander (Ensatina eschscholtzii) increased with CWD volume.  

Amphibians constitute a large portion of biomass found in southern forests, particularly on the forest floor.  At least 20 species of salamanders and 25 species of frogs can be found in the coastal plain region of South Carolina (Conant and Collins 1998).   Certain taxa such as:  Ambystoma, Plethodon, Gastrophryne, and Bufo exhibit predominately terrestrial adult lives (Petranka 1998; Conant and Collins 1998).  Life outside of the wetlands requires that these species rely on forest litter for cover and forage.

Objectives:

The study objectives are to:
1) inventory coarse woody debris (volume and decay class) in cypress / tupelo and bottomland hardwood forests disturbed by Hurricane Hugo,

(2) determine differences in CWD volume and size distribution among forests with different levels (high intensity, moderate intensity, and low intensity) of hurricane damage,

(3) monitor amphibian communities (species composition, abundance, size, mass, species richness, and diversity) in relation to CWD characteristics in hurricane impacted sites,

(4) examine differences in amphibian / CWD associations between red water and black water swamps in relation to amphibian niche preferences,

(5) examine differences in amphibian / CWD associations between cypress / tupelo and bottomland hardwood forests in relation to amphibian niche preferences,

(6) develop statistical models predicting amphibian occurrence in relation to CWD characteristics.

Hypotheses to be addressed

Ho1:  CWD characteristics do not differ between cypress / tupelo and bottomland hardwood forest types.

Ho2:  CWD characteristics do not differ relative to wind damage from Hurricane Hugo.

Ho3:  Amphibian species composition, abundance, richness, and diversity do not vary in relation to CWD characteristics between cypress / tupelo and bottomland hardwood sites.

Ho4:  Amphibian species composition, abundance, richness, and diversity do not vary in relation to CWD characteristics among levels of hurricane wind disturbance.

Ho5:   Differences in amphibian age classes (adult, juvenile, recent metamorph) do not occur between cypress / tupelo and bottomland hardwood sites.

Ho6:  Differences in amphibian age classes (adult, juvenile, recent metamorph) do not occur among levels of hurricane wind disturbance.

Ho7:  Amphibian abundance does not change in relation to CWD decay classes.

Ho8:  Capture locations of amphibians do not differ between CWD locations and randomly generated points.

Ho9:   Amphibian species composition, abundance, richness, and diversity do not vary in relation to CWD characteristics between red and black water swamps.

Methods:

Study Area


The Congaree Swamp National Monument is an old-growth floodplain forest owned by the United States National Park Service.  The 8,988 ha monument lies on the floodplain of the Congaree River, a red water river that drains the piedmont of South Carolina.  The monument lies in the southern portion of Richland County, approximately 160 km from South Carolina’s coast.  The Congaree forest is composed mainly of mesic bottomland hardwood and hydric cypress / tupelo communities as well as upland pine and hardwood forests.  Winds from Hurricane Hugo reached nearly 160 km / hr as the eye wall of the storm passed over the monument (Putz and Sharitz 1996).  Damage within bottomland forests was measured at 37% of trees being seriously damaged and 10% in cypress / tupelo forests (Putz and Sharitz 1996).  A total of eight study plots will be used for research at the monument.  The plot locations can be found in the form of UTM coordinates in Appendix I.

Procedures

Eight 20 m x 100 m (0.20 ha) plots will be established at the Congaree Swamp National Monument.  A one hundred meter transect will be placed down the centerline of each plot.  Subplots will be established along the central transect at five meter intervals.  Pitfall trapping, coarse woody debris sampling, and vegetation / environmental analysis will be conducted within each subplot.  See Table I for descriptions of each sampling plot.

Table I.  Sampling plot descriptions.

Plot Name
Size
Area
Number per study plot
Population Sampled

Study Plot
20 m X 100 m
0.20 ha
1
Trees (DBH>2.5 cm) and framework for other sampling

Fine woody debris transect
1 m long

40
Fine woody debris <7.5 cm diameter

Coarse woody debris transect
2m long
 
40
Woody debris >7.5 cm diameter

Shrub subplot
1.40 m radius
6.28 m2
80
Live woody shrubs > 30 cm tall and < 2.5 cm DBH

Ground vegetation

quadrant
56.4 cm radius
1 m2
80
Woody stems < 30 cm tall and herbaceous vegetation

Amphibian sampling

Sampling for terrestrial amphibians will be conducted using a combination of pitfall traps and anuran vocalization monitoring (Corn and Bury 1990).  Due to seasonal flooding in the cypress / tupelo plots, pitfall trapping may be restricted to bottomland hardwood plots.  Because study plots at the Congaree Swamp National Monument are shared with other researchers, pitfalls will be installed along transects one meter outside study plots running parallel to study plots.  A total of 21 pitfall traps will be installed at each plot.  Pitfalls will be constructed from plastic (10 x 30 cm) pails buried flush with the ground.  Each trap will be assigned an individual identity as a capture reference.  Sponges soaked with water will be placed in pitfalls to prevent desiccation of animals.  Traps will be opened for three months in the spring and summer of each year and will be checked every other day.  For the remainder of the year, traps will be closed with a lid and weighted down to prevent accidental captures of animals.  All pitfall traps will be removed at the end of the study and holes will be filled with soil.

Animals captured by hand during checking of pitfall traps will have their positions relative to pitfalls noted.  Capture sites will be categorized as (1) coarse woody debris, (2) fine woody debris, (3) leaf litter, (4) herbaceous, (5) woody plant, (6) moss, or (7) bare ground.   Proximity to woody debris > 7.5 cm for captured animals will be measured and classified as: (1) captured within or on CWD, (2) captured within 1 m of CWD, (3) captured within 1 to 5 m from CWD, and (4) captured > 5 m from CWD.

Captured animals will be identified to species, classified according to age (larval, recent metamorph, juvenile, or adult), identify by sex, weighed (g), and measured from snout to vent (cm).  Animals will be marked by removing the second toe from the animals right rear limb (RR2) to prevent tabulation of recaptured animals.  All animals will be released immediately following data collection within two meters of capture.

Anuran vocalization detection will be conducted to survey for anuran species that may be undetected through pitfall trapping and area searches.  Tabulation of vocalizations will be done during spring and summer months.  A ten minute census will be conducted along the central transect of each plot at the 0, 50, and 100 m from the study plot base.  No equipment will be needed to conduct vocalization identification.

Coarse Woody Debris Sampling

The quantity of CWD will be measured using the planar intersect method (Brown 1974).  Two CWD transects will be established at each pitfall trap (See Table I).  One running along the central transect and one perpendicular to the central transect will be randomly selected to be sampled.  Sampling along each transect will entail recording diameter and decay class of woody debris. Depth of leaf litter will be measured at the end of each two-meter transect.  Fine woody debris (< 7.5 cm) will be tallied along the outer meter of each two-meter transect to avoid areas trampled around pitfall traps by researchers.  The diameter of coarse woody debris (>7.5 cm) will be measured along the entire two meter transect.  The weight of woody debris will be calculated using known wood densities adapted from Brown (1974).  

material > 7.5 cm: w = (11.64)(∑d2/Nl)s,


material < 7.5 cm: w = (11.64)(nd2/Nl)s,

Where:


w = woody debris weight in tons / acre,


11.64 = volume conversion factor,


∑d2  = sum of squared diameters for intersections of pieces > 7.5 cm in 
diameter,


n = number of intersections (pieces < 7.5 cm),


d = quadratic-mean-diameter (pieces < 7.5 cm),


N = number of plots taken,


l = length of sampling plane in each plot,



s = specific gravity of material.

Decomposition levels of woody material greater than 7.5 cm will be placed in five classes (Spetich et al. 1999) (Table II).  

Table II.  Decomposition classes for down woody debris > 7.5 cm.  Adapted from Spetich et al. 1999.  


I
II
III
IV
V

Bark
Intact
Intact
Trace to absent
Absent
Absent

Twigs<3cm
Present
Absent
Absent
Absent
Absent

Texture
Intact
Intact, sapwood partly soft
Hard, solid interior, possible evidence of decay
Soft, blocky pieces
Soft and powdery

Shape
Round
Round
Round
Round to oval
Oval

Color of

wood
Original color
Original color
Original color to faded
Original color to faded
Heavily faded

Portion of log on ground
Log elevated on support points
Log elevated on support points
Log near or on ground
All of log on ground
All of log on ground

Vegetation Sampling

All trees > 2.5 cm will be inventoried over the 0.20 ha study plot. Wind damage to trees will be assessed using damage classes similar to that of Gresham et al. (1991).  Seven damage classes will categorize trees as undamaged, bent, limbs broken, top broken, bole broken, partially uprooted, and downed.  Diameter at breast height of standing dead trees (snags) will be inventoried on the entire plot.

Sampling for woody material > 30 cm tall and less than 2.5 cm d.b.h. will be conducted within two circular shrub plots (See Table I).  Shrub plots will be established two meters from pitfall traps perpendicular to the central transect.  Seedlings and shrubs will be identified to species, tallied, and placed in three separate height classes (30-99 cm, 100-140 cm, and 140 cm to 2.5 cm d.b.h.).  Percent cover of vines will be broken into six classes (0-5%, 6-25%, 26-50%, 51-75%, and 76-95%, and 96-100%) (Daubenmire 1959).  The percent cover of all microsites will be recorded within each shrub plot.  Microsites will be categorized as mound, pit, bare soil, log, woody litter, leaf litter, stump, under water, cypress knees, tree bole, roots, muck, and hummock. 

Ground vegetation will be surveyed within one ground vegetation quadrant at the center of each shrub plot (See Table I).  Species composition and percent cover for all herbaceous material will be determined at each ground vegetation quadrant.  Coverage for ground vegetation will be placed in six classes (0-5%, 6-25%, 26-50%, 51-75%, and 76-95%, and 96-100%) (Daubenmire 1959).

Environmental and Hydrologic Analysis


Where available, soil types will be determined from soil survey maps.  If necessary, two soil samples will be collected at each plot.  Samples measuring approximately two inches in diameter will be taken with a soil auger to a depth needed to expose all soil horizons.  Air and soil temperatures will be recorded during amphibian trapping periods using a single electronic temperature logger at each plot.  Precipitation levels will be monitored from a central single rain gauge at each plot located in canopy openings during amphibian sampling.  Four CWD temperature samples will be collected each week using wire thermocouples placed within logs along the central transect (equipment will not be left in the field).   Water table depth will be measured weekly at the zero and one hundred meter marks of the central transect.  All water table stations will be mapped using a Global Positioning Satellite (GPS) Unit.  Sunlight input will be measured directly at each pitfall trap.

Animal Use Protocol


The use of pitfall traps to capture amphibians and the subsequent handing and marking of specimens has been authorized by Clemson University’s Animal Research Committee.  Approval was granted through an addendum to Animal Use Permit # 00-087 allowing the trapping and handling of live animals in the South Carolina counties of Berkeley, Dorchester, and Richland.

Data Analysis


The statistical programming software SAS will be used to analyze all amphibian, CWD biomass, vegetation, and environmental data.  Amphibian abundance, species richness (S1; Margalef 1958), evenness (J˚; Pielou 1969) and diversity (H˚; Shannon 1948) will be calculated for each plot and statistically compared among study areas and habitat types.  Amphibian proximity to CWD will be determined through linear regression to predict the occurrence of amphibians in relation to woody debris.  Amphibian abundance will also be correlated with CWD biomass, vegetation, and environmental data.  All statistical comparisons will be made at the α level of 0.5.

Schedule

2001

Summer

Establish coarse woody debris transects




Vegetation analysis




CWD measurement




Pitfall installation

Fall 


Pitfall installation

Winter


Pitfall installation




CWD measurement

2002

Spring


Begin pitfall trapping




Anuran vocalization census

Summer

Vegetation analysis




CWD measurement




End pitfall trapping

Anuran vocalization census

Fall


CWD measurement

Winter


CWD measurement

2003
Spring


Begin pitfall trapping

Anuran vocalization census

Summer 

Vegetation analysis




CWD measurement




End pitfall trapping

Anuran vocalization census

Fall


CWD measurement

Winter


CWD measurement

2004
Spring


Begin pitfall trapping 

Anuran vocalization census

Summer 

Vegetation analysis




CWD measurement




End pitfall trapping

Anuran vocalization census

Fall


Data Analysis

Winter


Dissertation write-up and preparation for publication 

Products:

Publications and Reports

1) Yearly Progress Reports

2) Coarse Woody Debris Loading in Three South Carolina Wetland Forests Impacted by Hurricane Hugo.

3) Associations of Coarse Woody Debris and Amphibians in Wetland Forests Impacted by Hurricane Hugo.
4) GIS Analysis of Wind Damage in Wetland Forests in Relation to the Path of Hurricane Hugo.

Data and other materials

All plots will be mapped using a Global Positioning Systems (GPS) unit.  Coordinates will be entered into the Geographic Information System (GIS) software program ArcView.   Digitized representatives of each plot and subplot will be overlaid upon digital orthoquad images (DOQQ’s) of each study area. A database containing trap data (CWD, vegetation, and environmental characteristics) will be queried with capture rates in order to map differences in relation to trap data.


The path of Hurricane Hugo will be plotted with each study area.  Distances between plots and the storm’s eye wall will be determined and used along with wind speed distribution from radar data to evaluate gradients of wind damage within and between plots.  
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Qualifications:

The researcher proposing this study has two years experience in the trapping and handling of herpetofauna as part of requirements for a master’s degree from Clemson University.  Prior to attending graduate school the researcher gained two years of experience in the same field as a technician for the University of South Carolina at Aiken working under Dr. Hugh Hanlin.  This experience also includes the installation of pitfall traps in mesic to hydric soils similar to those at the Congaree Swamp National Monument.  

Safety:


During the course of the proposed study, researchers will be exposed to the following risks:  motorized boat travel in the Congaree River (outside of park boundaries), wilderness travel, and venomous snakes.

Access to Study Sites:


The majority of study sites will be accessed by foot.  Several plots, due to their proximity to the Congaree River, will be accessed via motorboat.  Vehicle and bicycle use will be restricted to the service road leading into the monument.  The use of all terrain vehicles may be needed to carry gear during the installation of pitfall traps.  Kayak use may also be employed to access plots near Cedar Creek.

Equipment:

Within each study plot 20 pitfall traps will be placed and will remain for three years.  Each trap will be marked by flagging to indicate the individual identity of the trap.  Each plot will also have one rain gauge and two electronic thermometers.  All equipment will be placed in areas not visible to the public.  Equipment used to install traps (posthole diggers, shovels, etc.) will be removed daily during the installation of traps. 
Ground Disturbance:


Ground disturbance will occur with the installation of pitfall traps.  Holes dug for pitfalls will be no more that 10 cm in diameter and 30 cm in depth.  Each plot will have twenty traps.  At the end of the study, traps will be removed and the holes will be filled.

Appendix I.  UTM Coordinates For Plot Locations.

Plot Number
Easting
Northing

20
516755
3741245

21
515458
3740219

22
515701
3740504

24
526138
3736524

25
525826
3737587

26
517036
3741874

27
517268
3740099

28
525898
3739438

