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ABSTRACT 
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Data were collected on woody vegetation for 10 years 

in 6 undisturbed plant communities including slash pine 

forest, wet prairie, hardwood hammock, edge and interior 

old-growth cypress forests, and freshwater marsh at 

Corkscrew Swamp. Forested communities all showed a trend 

toward greater successional maturity. Numbers and total 

basal areas generally decreased "over the 10 year period 

for early successional species and tropical species 

affected by the 1982 freeze in hammock and edge cypress 

communities. Otherwise, total basal areas steadily 

increased for all species in the forested communities. 

Initially the slash pine forest contained only canopy 

pine, but hardwoods entered the sites 3-4 years after fire 

and continued to increase in number throughout the study. 

Woody vegetation in the two marsh communities were less 

stable, partially due to fire. Fire and hydrologic 

conditions had measurable impacts on community structure 

and growth patterns. 
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This study began at Corkscrew Swamp Sanctuary in 1973 

in conjunction with a research project conducted by the 

University of Florida which was investigating the effects 

of sewage effluent on cypress wetlands. The Corkscrew 

Swamp Sanctuary study was a three-year baseline ecosystem 

analysis of an undisturbed naturally functioning system, 

and was a control for the overall University of Florida 

study. The National Audubon Society viewed the study as a 

means of gathering information which could be utilized in 

managing the sanctuary as a natural area. Portions of the 

original three-year study have been extended into a long 

term study by the National Audubon Society. Woody 

vegetation research was continued for 10 years in an 

effort to collect quantitative data on community structure 

and how it changes over time. 

Study Objectives 

The objective of the study discussed in this paper 

was to understand woody plant community dynamics and its 

relationship to environmental conditions, so that this and 

similar natural landscapes could be better maintained in 

the face of rapid anthropogenic change in the region. 

Most natural area management actions are based on a 
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perception of abnormal change occurring within the system. 

Since complete information is seldom available, management 

decisions are unavoidably subjective, based on a 

combination of personal perceptions of what changes are or 

are not natural and whatever scientific information is 

available. It is the goal of this study to provide 

information on patterns and rates of change in the form of 

a quantitative synthesis of 10 years of data on six south 

Florida plant communities. 

There is much scientific information available on 

south Florida natural areas which can assist managers in 

making decisions. This information tends to fall into one 

of two formats. One deals with individual species or 

environmental parameters, discussing how a species or 

parameter changes over time and is affected by man's 

activities. Another format deals with community structure 

and dynamics, including relationships between community 

components and environmental conditions. The majority of 

these studies have only been conducted over relatively 

short periods, and there is virtually no data available on 

how communities change over time and how the mix of 

environmental conditions influence these changes. From 

the point of view of managers, information on how 

communities change over time is necessary to determine if 

observed changes on the lands under their care are within 
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the range of natural variability or could be the result of 

anthropogenic change. Single species or parameter and 

short-term studies alone leave major gaps in the 

scientific foundation for management decisions. 

Not only do anthropogenic changes take many forms and 

affect the interrelationships of different parts of the 

system, but natural variability in environmental 

conditions also affects different parts of the system in 

complex patterns. Determining the interrelationship 

between numerous species and multiple environmental 

parameters is unavoidably complex, and often does not fit 

neatly into the classical structure of the empirical 

scientific method. But, it is the responsibility of the 

scientist to provide this synthesis, using the best 

information available at the time, if scientific research 

is going to be useful to managers. 

Corkscrew Swamp Sanctuary is as close to a naturally 

functioning system as currently exists in south Florida. 

It also supports examples of all of the major types of 

non-coastal plant communities found in the region. 

Therefore, the results of this study will also be useful 

to managers and scientists working in similar but more 

disturbed ecosystems in south Florida and other comparable 

areas. 

In order to accomplish these objectives, woody plant 
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diameter data collected seven times over a 10 year period 

from six major types of south Florida plant communities 

will be utilized. For each woo'dy species, community 

structure and dynamics will be discussed in terms of 

density of individuals, stem diameter, height, basal area, 

and growth rate. Rates and direction of change over time 

for these parameters will also be considered in terms of 

recruitment, mortality, and main stem dieback. How 

environmental conditions such as water level fluctuations 

and natural disturbances, including fire and freezes, 

affect each community will be arialyzed. The final 

synthesis will discuss the net effect of successional 

processes, natural perturbations, and changing 

environmental conditions on the structure and composition 

of the six woody plant communities, emphasizing their 

unique characteristics, and similarities and differences 

within and between the communities as they occurred over 

time. 

Description of Corkscrew Swamp Sanctuary 

The National Audubon Society's Corkscrew Swamp 

Sanctuary is located in southwest Florida in Collier and 

Lee counties approximately 25 km northeast of Naples 

(Figure 1). It is a 4400 ha preserve established along 

the northwestern edge of the Big Cypress Swamp. 



Figure 1. Location of Corkscrew Swamp Sanctuary in south Florida. 
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Corkscrew Swamp contains representative examples of 

south Florida's major upland and freshwater wetland 

communities, including the largest remaining stand of 

old-growth bald cypress (Taxodium distichum). Little of 

the sanctuary has been subjected to major disturbances by 

man, and relatively stable plant communities have 

developed in response to long-term climatic, hydrologic, 

edaphic, and fire influences (Gunderson 1977) . This 

situation has made Corkscrew Swamp an ideal site for 

studying ecological relationships in natural plant 

communities, including the environmental factors that 

control their composition and structure. Data from 

research at Corkscrew are also useful as a baseline for 

assessing the degree to which other sites have been 

modified by human activities, in developing management 

plans for restoration of disturbed sites, and in 

understanding the way in which different impacts affect 

these types of communities. 

Geology 

The Corkscrew Swamp watershed is approximately 

295 km2. It extends south and west for approximately 

30 km before encountering an extensive system of drainage 

canals. The Sanctuary comprises 16% of the total 

watershed and approximately 50% of the wetlands (inundated 
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>6 mo/yr) in the watershed. The swamp occupies an 

elongate mineral soil depression which originated 

primarily as a result of depositional processes during the 

last six to seven million years (Duever et al. 1986) . 

Within the cypress strand, the mineral soil surface 

declines more rapidly than the ground surface because 

accumulated organic sediments have tended to level the 

overall slope, resulting in very flat topographic 

gradients. 

Limestone bedrock ranges from approximately 6 m below 

the ground surface to occasionally above the overall 

ground surface in a few localized sites (Figure 2). 

Within wetland areas, these rock outcrops create "islands" 

of higher ground, which are colonized by hammock 

vegetation (Craighead 1984, Duever et al. 1984a). 

Mineral substrates are typically 1 to 3 m of sand 

overlying limestone (Duever et al. 1976). Where limestone 

is close to the surface and wet season water depths are 

shallow, thin layers of calcitic clay (marl) may be 

present. Marls are the result of physicochemical and 

biochemical processes of periphytic algae which grow up to 

4 cm thick on vegetation and ground surfaces when 

inundated (van Meter 1965, Gleason 1972). Scattered beds 

of marine shell occur in restricted areas where they 

greatly alter local soil porosity and affect dry season 
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Figure 2. Schematic profile of soils and vegetation along the Central Harsh Transect, Corkscrew 
Swamp Sanctuary (modified from Duever et aU. 1984a). 

STRAND SUBSTRATES 

SAND 

water levels. 

Histosols, organic soils of peat and/or muck, 

generally fill mineral soil depressions to a depth of up 

to 2 m (Coultas and Duever 1984). In south Florida 

organic substrates are found on sites where anaerobic 

conditions exist at and below the ground surface for much 

of the year (Davis 1943, Cohen and Spackman 1984). These 

anaerobic conditions result from extended periods of 

inundation, more than 250 days/yr at Corkscrew Swamp 
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(Duever 1984a). 

The last marine transgression into the Corkscrew 

Swamp area took place prior to 100,000 B.P., when sea 

level was approximately 7-8 m higher than it is today 

(Duever et al. 1986). The Pamlico sands, which form the 

surface sediment over most of the sanctuary, were 

deposited at that time (Hoffmeister 1974). The elongate 

mineral depression, where the current cypress strand 

occurs, was then the lowest topographic area on the 

sanctuary. It was most likely a bedrock bottomed tidal 

channel bordered by sandy shallows, with localized 

deposits of shell (Duever 1989, personal communication). 

Between approximately 11,000 and 9,500 B.P., a freshwater 

marsh covered the central portion of this channel and 

algae produced calcareous marls, forming a layer over the 

bedrock (Taylor 1980). By approximately 6000 B.P., when 

sea level approached its current elevation, rising water 

levels allowed initiation of peat accumulation (Kropp 

1976). Over time, water levels continued to increase 

slowly, and the peat mass has expanded vertically and 

laterally (Taylor 1980). 

Climate 

Southwest Florida is considered subtropical. It 

typically has a very warm and wet summer, a mild winter 
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with occasional light frost, and a spring drought (Hela 

1952, Thomas 1974). Both hurricanes and freezes, though 

infrequent, can profoundly affect ecological patterns and 

processes. 

Winter precipitation results mainly from regional 

frontal systems, while summer precipitation is mainly in 

the form of frequent heavy localized thunderstorms. 

Average rainfall from June through September is 

18-23 cm/mo while average rainfall from November through 

April is only 2-5 cm/mo (Duever et al. 1986). Occasional 

tropical storms can contribute significant amounts of 

precipitation during late summer and early fall. 

Temperatures are highest in July and August and 

coolest in December and January (Veri et al. 1975). 

Extreme heat waves are rare and tend to occur in spring at 

the end of the dry season when the moderating presence of 

surface water is minimal. Summer highs are also moderated 

by cloud cover associated with almost daily thunderstorm 

activity (Duever et al. 1986). Winter lows vary in 

severity with topography, foliage cover, and proximity to 

water, which also moderates low temperature extremes. 

The Ft. Myers NOAA weather station, located 

approximately 35 km northwest of Corkscrew Swamp, has long 

term temperature and precipitation records dating back to 

1891. Monthly mean temperatures range from 17°C (63°F) to 
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28°C (83°F). The mean annual temperature is 23°C (74°F) 

(National Climatic Data Center 1985). Bradley (1972) 

reported the lowest temperature ever recorded in Fort 

Myers was -4°C (24°F) and the highest was 38°C (101°F) . He 

also defined severe freezes as cold waves of the more 

severe type bringing minima ranging from 15°-2,0° over the 

northern portions to freezing or below over the southern 

portion of the peninsula", and reported that at least 22 

such freezes occurred in Florida between 1835 and 1972. 

The Ft. Myers NOAA weather station recorded 5 days when 

temperatures were <30°F between 1972 and February 1985, 

when this study ended (Table 1). 

Average monthly relative humidity ranged from 70% 

during the spring to 83% during the summer as recorded in 

1974 and 1975 at Corkscrew Swamp Sanctuary (Duever et al. 

1975). At Fort Myers, average monthly relative humidity 

ranged from around 50% during the spring dry season to 60% 

during the wet season. Mean maximum ranges from 85 to 90% 

throughout the year (Duever et al. 1986). 

Solar radiation is high in south Florida, with an 

annual mean of 10-15 million joules/m2 (Fernald 1981). 

The sun shines around 66% of daylight hours (Veri et al. 

1975). 

Prevailing winds are primarily from the east. 

Approximately 16 hurricanes affected the Corkscrew Swamp 
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Table 1. Hajor freezes during the study period, December 1973 - February 198S, as recorded at 
weather stations on and near Corkscrew Swamp Sanctuary in Florida. 

Hajor Freezes 

DATE 

TEMPERATURE SAMPLING 
PERIOD 

FOLLOWING 
FREEZE 

DATE CORKSCREW IMMOKALEE FT. MYERS 

SAMPLING 
PERIOD 

FOLLOWING 
FREEZE 

DATE 

°C °F °C °F °C °F 

SAMPLING 
PERIOD 

FOLLOWING 
FREEZE 

January 20, 1977 -2.8 27 -4.4 24 -1.1 30 1979 

January 13, 1981 -3.9 25 -6.1 21 -2.2 28 1981* 

January 19, 1981 n.a. n.a. -4.4 24 -1.1 30 1981 

January 12, 1982 -4.4 24 -6.7 . 20 -1.7 29 1983 

January 22, 1985 -3.3 26 -4.4 24 -1.1 30 
** 

1985 

All plots except Pine Forest Plot 1 (all) and Plot 2 (Large class). 
All plots except Pine Forest Plots 1 and 2, Wet Prairie Plots 1 and 2, and Hammock Plot 1. 

area between 1899 and 1988 (Neumann et al. 1987). The 

main effects felt at an inland location are high winds, 

recorded over 90 m/sec (322 km/hr) (Dunn et al. 1967), and 

rainfall, which can be quite variable but averages 

15 to 20 cm/day (Bradley 1972). Hurricanes have occurred 

throughout the year, but the hurricane season is June 

through November, with a peak in late summer. 

Hydrology 

The distinct wet/dry seasonal pattern of rainfall in 

south Florida controls the timing and degree of 

fluctuation of the water table (Parker 1984). Annual 

water level fluctuations at Corkscrew Swamp are generally 

about 0.5-1.5 m, but water levels may be relatively stable 

in a year with abundant dry season rainfall, or may drop 
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as much as 2 m during a severe drought (Davis 1943, McCoy 

1962, Duever et al. 1975). 

Surface water flow is restricted to the lower areas 

dominated by cypress during dry periods, but when water 

levels rise, water overflows into adjacent communities 

creating a thin sheet of water flowing generally to the 

south. During 1975 peak water levels, Duever (1980) 

measured water flow rates in 13 cypress and marsh sites on 

the Sanctuary of 0.3-0.8 cm/sec along the study transect, 

the Central Marsh Transect, and 1.3-3.5 cm/sec along 

another transect to the north. Flows are slow due to the 

gentle topographic gradient and the presence of dense 

vegetation (Parker 1984). Due to warm temperatures 

throughout the year and slow overland flows, water leaves 

the system primarily through evapotranspiration (Klein 

gt ali. 1975) . 

Hydrology is the single most important factor 

controlling the distribution of plant communities at 

Corkscrew Swamp (Duever 1988). Annual fluctuations of 

surface water interact with species adaptations for 

reproduction, germination, and growth to produce the 

swamp's communities. The distribution of plant 

communities within Corkscrew Swamp is related to both 

maximum wet season water levels and minimum dry season 

water levels, but hydroperiod (annual period of 
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inundation) is a more significant factor. Sites with long 

hydroperiods cannot be colonized by species intolerant of 

extended inundation, while sites with short hydroperiods 

burn more frequently and severely, which periodically 

eliminates fire sensitive species (Harper 1927, Craighead 

1971, Hofstetter 1973, Duever 1984, Ewel and Mitsch 1975). 

Fire 

Fire plays an integral part in south Florida plant 

communities (Robertson 1954, Hofstetter 1974, Stone and 

Gleason 1976, Wade et al. 1980, Cohen 1984). Fire 

frequency and severity are directly related to hydroperiod 

and to organic substrate depth (Duever 1984). All plant 

communities at Corkscrew except hammocks are fire 

dependent or tolerant. Periodic fires of low to moderate 

intensity reduce or eliminate hardwood species but do not 

seriously damage mature fire tolerant or dependent species 

such as slash pine (Pinus elliotii var. densa) or bald 

cypress (Cypert 1961, Ketcham and Bethune 1963, Craighead 

1971, Ewel and Mitsch 1978). Figure 3 demonstrates how 

the interrelationship of the two dominant environmental 

controlling factors, hydroperiod and fire, affect plant 

community succession (Duever 1984). 

Evidence of fire is visible on logs and trunks in 

Corkscrew's old-growth communities today. Stone and 



Figure 3. Successional patterns as a function of hydroperiod and time since severe fire; peat accumulation as a function of time (from 
Duever 1984). 
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Gleason (1976) found sufficient charcoal throughout the 

5000 year peat profiles to indicate frequent fires. Peat 

with a C-14 date of 540 years B. P. (Stone 1979, personal 

communication) was found overlying an ash layer in a deep 

pond located in the old-growth cypress forest. Since the 

pond was probably created by a peat fire, the ash layer 

suggests that a devastating fire- occurred approximately 

540 years ago in the area currently occupied by large 

cypress trees. This corresponds with maximum ages of 

approximately 500 years for the oldest cypress trees on 

the sanctuary (Duever 1988). 

Anthropogenic Influences 

Most of the pines in the area and all of the large 

cypress downstream of the remaining old-growth forest were 

logged in the 1950's. Until recently, the only other 

extensive human activity in the Corkscrew Swamp watershed 

has been cattle grazing with annual burning to improve 

forage conditions. 

Corkscrew Swamp Sanctuary is only 15 km from the top 

of its watershed? this proximity has limited hydrologic 

impacts to the sanctuary. Much of the area more than 4 km 

south of the sanctuary has been drained and platted for 

low density residential development, but this has not 
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affected sanctuary hydrologic patterns (Duever gt al. 

1975). 

Increasing development of the Corkscrew Swamp 

watershed for agriculture, both row crop and citrus, in 

the last few years could potentially cause problems in 

water quantity and quality. Pumping for irrigation during 

drier periods could locally either increase or decrease 

hydroperiods and change temporal hydrologic patterns. 

Chemical fertilizers, pesticides, and the input of ground 

water, which is more mineralized than surface water, could 

pose problems (Duever et al. 1986). Management efforts 

have been aimed at minimizing these impacts. 

Introduced exotic plants pose a serious threat to 

native plant communities, in south Florida. These 

communities have developed over the last 5000 years, a 

relatively short time geologically. Also, south Florida 

is spatially isolated from seed sources with oceans on 

three sides and only temperate seed sources to the north. 

Because of these two factors, south Florida is quite 

susceptible to invasion by exotic species (Crowder 1974, 

Long 1984). Those most threatening Corkscrew are two woody 

species, melaleuca ^Melaleuca guincxuenervia) and Brazilian 

pepper (Schinus terebinthifolius). 
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Woody Vegetation 

To date, The Big Cypress National Preserve (Duever et 

al. 1986) best summarizes available information on 

successional processes in the Big Cypress Swamp. 

Secondary succession in natural communities usually 

follows fire. Early colonizers include wax myrtle (Mvrica 

ceriferal, gallberry (Ilex glabra), lyonia (Lyonia 

ferruginea), sometimes red maple (Acer rubrum1, and in 

wetter sites willow (Salix caroliniana) and buttonbush 

CCephalanthus occidentalism. Hardwood species such as red 

bay (Persea borbonia), dahoon holly (Ilex cassine), red 

maple (Acer rubrum), myrsine (Mvrsine guianensis), 

dogwood (Cornus foemina) , strangler fig (Ficus aurea) , and 

on wetter sites pond apple (Annona glabra) and pop ash 

fFraxinus caroliniana) tend to appear later in the 

successional process, and eventually come to dominate the 

subcanopy and possibly canopy levels over time. Slash 

pine and bald cypress are the dominant canopy species at 

the drier and wetter ends of the topographic gradient. 

Canopy dominance is more varied in the middle range of the 

gradient. 

Community classifications and descriptions are 

discussed below in the description of the study transects. 
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Description of the Study Transect 

Much of the ecological research at Corkscrew Swamp 

Sanctuary, including this study, has been done along the 

Central Marsh Transect (Figure 4). Since 1974 studies 

have been conducted and are being conducted on climate, 

evapotranspiration, hydrology, soils, vegetation, and the 

chemistry of each of these ecosystem components (Duever 

gt alj. 1974, 1975, 1976, 1978, 1984a, Kropp 1976, Stone 

and Gleason 1976, Wharton et al. 1977, Riopelle 1978, 

Carlson and Duever 1979, Taylor 1980, Duever 1980, 1988, 

Coultas and Duever 1984, Gunderson 1984, Lewis and Gattie 

1988). The Central Marsh Transect originates just south 

of the sanctuary headquarters and extends across the swamp 

perpendicular to the main southwesterly water flow 

(Figure 5). The transect is approximately 2100 meters 

long and passes through or near all six of the major plant 

communities on the sanctuary. None of the area along this 

transect has been logged. 

At the initiation of research, the literature 

contained a number of different plant community 

classification systems for the Big Cypress Swamp by 

Harshberger (1914), Harper (1927), Davis (1943), Craighead 

(1971), Alexander and Crook (1973), McPherson (1973), and 

others. McPherson's classification system was used for 

this research since it was the most current and detailed 



Figure 4. The Central Harsh Transect, Corkscrew Swainp Sanctuary (modified from Duever et aL 1974). 
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Figure 5. Location of the Central Marsh Transect, Corkscrew Swamp Sanctuary 
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information available. The Corkscrew communities 

correspond to McPherson's communities as described by 

Duever et al. (1986) except for hydroperiods in the wet 

prairie and freshwater marsh communities. The Corkscrew 

Interior Cypress and Edge Cypress sites discussed below 

are comparable to McPherson's Mixed Swamp Forest community 

except that the old-growth cypress were never logged from 

the Corkscrew communities. 

Data listed in the following community descriptions 

were compiled from unpublished data and/or these sources: 

substrates (Duever et al. 1976), percent cover (Duever 

st al. 1984b), fire frequency (Duever 1984), hydroperiod 

for community types (Duever 1980), and average maximum 

water depth (Duever 1980, Duever et al. 1984b). 

Pine Forests and Hammock Communities 

The drier upland sites support pine forests and 

hammock communities. Pine forests are dominated by slash 

pine, with an understory dominated by either saw palmetto 

(Seronoa repens) on higher sites or a great variety of 

herbaceous vegetation on lower sites. Wax myrtle, 

gallberry, and other shrubs enter these sites in the 

absence of fire and, over time, can become very dense. 

The slash pine canopy is generally sparse, with only 

10-20% cover. Pine forests are the most diverse plant 
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community in south Florida with 361 different species of 

plants (Long 1984). They have a sandy substrate at 

Corkscrew and a fire frequency of 4-21 years. Even this 

upland community at Corkscrew Swamp Sanctuary has standing 

water 0 to 2 months per year (21 ± 11 days/yr over a 

14 year period of record at the study area) with a wet 

season water depth of 0-20 cm. Where logging has not 

occurred, slash pine can reach heights of 30 m with 

diameters at breast height of 60 cm. 

The hammock community studied along this transect has 

a shallow loamy substrate over sand or rock, though south 

Florida hammock communities also exist on sand, peat, or 

rock (Gleason et al. 1977, Duever et al• 1984b). Hammock 

hydroperiod (35 ± 13 days/yr over a 14 year period at the 

study area) and maximum water depth are similar to pine 

forests. But hammock is the only plant community along 

the transect that is not adapted to fire. Approximately 

100 years without fire are necessary to develop a hammock 

community with a closed canopy of 75-90% cover. However, 

most hammocks are relatively young early successional 

communities due to the widespread and frequent occurrence 

of fire in south Florida. If fire occurs more frequently 

than approximately every 22 years, the site would resemble 

a pine forest community more than a hammock. The hammock 

along this transect is dominated by red maple and red bay, 
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with a relatively diverse understory of small trees, 

shrubs, and herbaceous vegetation. Though overall species 

richness is less than the pine .forests, hammocks tend to 

have the most diverse woody flora of Big Cypress plant 

communities (Long 1984). 

Wet Prairie and Freshwater Marsh Communities 

There are two very different communities dominated by 

herbaceous vegetation along the transect, wet prairie with 

mineral soils and freshwater marsh with organic soils. 

The wet prairie vegetation is short and sparse compared 

with the much lusher freshwater marsh (McPherson 1973, 

Duever et al. 1986). 

Wet prairies are dominated by a diverse assemblage of 

grasses, sedges, and forbs, but in the absence of fire, 

shrubs and trees will enter the wet prairie, usually slash 

pine, red maple, and wax myrtle from the upland perimeter 

and bald cypress from the lowland perimeter (Duever 1984). 

Wet prairies have a fire frequency of 1-8 years and a mean 

hydroperiod of 50-250 days (224 ± 20 days/yr over a 

14 year period of record at the study area), with average 

maximum water depths of 20 cm. 

Freshwater marshes occur on organic substrates and 

are found in lower areas with mean hydroperiods of 250-

292 days (278 + 14 days/yr over a 14 year period of record 
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at the study area) and average maximum water depths of 

approximately 40 cm. Vegetation is much taller than in 

the wet prairie, up to 3 m in height (Duever gt al. 

1984b). The freshwater marsh is dominated by sawgrass 

(Cladium iamaicensis), with dense areas of maidencane 

(Panicum hemitomon) and arrowhead (Saaittaria lancifolia). 

There are fewer species and they tend to form monospecific 

stands (Craighead 1971). Freshwater marshes are very fire 

adapted, sometimes burning even over standing water 

because of the large amount of standing dead vegetation in 

this dense plant community. Fire frequency is 1-11 years. 

Willow and cypress will gradually invade the freshwater 

marsh if fires are infrequent (Craighead 1971). 

Cypress Communities 

The Central Marsh Transect passes through an unlogged 

cypress strand, which might be best described as a broad, 

shallow, forested river. The strand interior is dominated 

by scattered large old-growth cypress and its edges by a 

dense forest of smaller younger cypress, but there is a 

continuous gradient in plant community and environmental 

characteristics between these two forest types. Duever 

et al. (1984a) determined that there was a close 

correlation between cypress diameter at breast height 

(dbh) and age (r = 0.915, n = 45) and also between dbh of 
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the largest cypress at each sampling point and peat depth 

(r = 0.953, n = 18) along the transect. These high 

correlations indicate that older larger trees are growing 

where peat is deepest and therefore in contact with the 

water table longer, creating a more moist microclimate 

with lower fire frequencies and intensities. 

In areas where hydroperiods range from 

250-300 days/yr, cypress growth is most vigorous. On 

sites with shorter hydroperiods, initial growth rates 

(first 50 years) are lower because there is more frequent 

moisture stress, fires are more frequent and severe, and 

there is more competition from upland species. On sites 

above this range, germination and seedling establishment 

is very limited and initial mean growth rates reduced 

because of long periods of inundation and associated 

anaerobic soil conditions (Duever et al. 1984a). 

Cypress germination occurs during infrequent extended 

droughts which provide time for seedling establishment and 

growth sufficient to escape total submergence during 

subsequent inundation when the hydrologic regime returns 

to more normal conditions (Demaree 1932) . However, once 

established, cypress is well adapted to extended periods 

of inundation. Cypress is also well adapted to fire and 

depends on periodic fire to remove competing species (Hare 

1961, Komarek 1973, Ewel and Mitsch 1978). 
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There are two cypress study sites along the Central 

Marsh Transect. One is located in the smaller cypress 

toward the edge of the strand while the other is in the 

large interior old-growth cypress. 

The Edge Cypress Community. The Edge Cypress site is 

located on slightly higher ground with a shallower peat 

substrate and a higher fire frequency (45-190 years) than 

the Interior Cypress site. Mean hydroperiod ranges from 

133-270 days (241 ± 18 days/yr over 14 years of record at 

the study area) and average maximum water depth is 

approximately 30 cm. This site contains a dense stand of 

smaller cypress with narrow crowns, relatively closed 

canopy (70-80% in summer), and a sparse shrub strata 

dominated by w:.x myrtle and willow. The understory varies 

from almost completely open to densely covered with mixed 

herbaceous vegetation and tree and shrub seedlings. 

The Interior Cypress Community. The Interior Cypress 

site is dominated by relatively few large cypress trees 

with broad spreading crowns creating a virtually closed 

canopy with 70-90% cover in summer. This forest has more 

topographical relief due to fallen trees where uprooting 

creates depressions and decomposing logs create mounds. 

One of the replicate sites contains a relatively deep pond 

which probably resulted from an .ancient peat fire. These 

microsites are occupied by different species. There is a 
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subcanopy of hardwoods such as red maple and strangler fig 

on topographically higher microsites, and pop ash, pond 

apple, and buttonbush on lower spots. Herbaceous 

vegetation is relatively sparse, but ferns are locally 

abundant on logs and cypress knees, as are epiphytes on 

tree trunks and branches. During the wet season, the 

deepest sites, which lack a solid canopy, often support a 

complete cover of floating plants that may completely 

disappear during severe dry seasons. The Interior Cypress 

forest occupies deeper areas with deeper peat 

accumulations than the Edge Cypress. It has an average 

hydroperiod of 286-296 days (302 ± 13 days/yr over 

14 years of record at the study area or 291 + 13 for 

forested areas only and 314 + 11 for pond areas only) and 

an average maximum water depth of 70 cm, though there is 

more topographic variability in this community than at any 

other site. Fire frequency ranges from approximately 50 

to 2000 years with a sparser occurrence of hardwoods in 

areas that have burned more recently. 

There has been much discussion within the scientific 

community over the recognition of one or two species or 

varieties of cypress. Some recognize bald cypress 

(Taxodium distichum) and pond cypress (Taxodium ascendens 

or Ti. distichum var. nutans) . However, since it is 

impossible to consistently distinguish between the two 
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varieties in the field, all cypress will be treated as 

bald cypress (2Lt. distichum) in this paper. 
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Sampling Design 

This study was initiated in conjunction with and 

simultaneous to a comprehensive ecosystem study of 

Corkscrew Swamp Sanctuary. Consequently, transect 

selection (including the Central Marsh Transect), plot 

selection, and sampling designs were set up so that data 

collection and results for each aspect of the overall 

study would complement and contribute to other areas of 

study and results could be easily compared between 

studies. 

Initial efforts of the Corkscrew Swamp Sanctuary 

ecosystem study, including this study, were directed 

toward familiarization with the known aspects of the 

ecology of the sanctuary, the Big Cypress Swamp, and south 

Florida. This involved reviewing the literature, studying 

aerial photography, contacting numerous agencies and 

individuals knowledgeable about the area, and thoroughly 

traversing the area both from the air and on the ground. 

Whenever possible, sampling design for the ecosystem 

study, including this study, followed International 

Biological Programme guidelines as published in IBP 

Handbook Methods for estimating the Primary Production of 

Forests (Newbould 1967). 
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Site Selection 

In March 1974, transects, including the Central Marsh 

Transect, were chosen based on several criteria. 

Transects were located where they: 1) were situated 

perpendicular to the main southwesterly water flowway 

through the sanctuary, 2) passed through or near a 

representative variety of Big Cypress Swamp plant 

communities, 3) had access available to and along the 

transects with minimal additional disturbance, and 

4) would not interfere with other activities on the 

sanctuary. 

The Central Marsh Transect location was chosen for 

intensive study because it provided access to the six 

major freshwater plant communities present in south 

Florida, in particular the large old-growth cypress forest 

at Corkscrew Swamp. The six community types included in 

this study, as they were encountered along the Central 

Marsh Transect, were: Pine Forest, Wet Prairie, Hammock, 

Edge Cypress, Interior Cypress, and Freshwater Marsh 

(Figure 4). A brief discussion of each community can be 

found in the Description of Study Sites in the 

Introduction. Plots for this study were located along the 

Central Marsh Transect in 1974 within the same communities 

and vicinity as plots for the study of herbaceous 

vegetation, soils, hydrology, roots, litter, soil and 
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vegetation chemistry, and biomass. 

With the exception of the Hammock plots, which were 

located along a spur that extended south from the main 

transect, plots were located in a northerly direction 

(upstream) of the transect to minimize any effects of 

other activities along the transect line. These 

activities, such as digging root pits or destructive 

sampling for biomass data, could cause debris or silt to 

float downstream. Figure 6 illustrates how two plots were 

chosen for each community. The approximate center of each 

community was located along the transect. A line 

perpendicular to the transect at this point was marked 

with a tape. Numbers between 0 and 60 were arbitrarily 

selected at the office and these became the distances from 

the Central Marsh Transect to a point on the line marked 

as the "0 m point" which would be the south end of the 

first plot. A coin was flipped in the field to determine 

if the first plot should be to the right or left of the 

line. The options are indicated by an "A" on the figure, 

where right was chosen. The line continued from the 0 m 

point 50 meters northward. At this point a coin was 

flipped to determine if the line should turn to the left 

or right. The options are indicated by a "B" on the 

figure, where right was chosen. The tape line then turned 

at a right angle and proceeded another 50 meters from the 
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Figure 6. Method of plot selection. A, B, and C indicate points where direction to the right 
or left of the line was decided by the flip of a coin. Points A and C determined on which side 
of the 100 m line the plots would be located. Point B decided which direction the 100 m line 
would turn at the 50 in point. Diagonal lines show the position of the 25 X 25 m plots. Cross 
hatching indicates the position of the nested 10 X 10 m plots. Solid lines indicate the result 
of the coin toss for the Interior Cypress plots. Dashed lines indicate the possible options 
which were not selected. 
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50 m point to the 100 m point. A coin was once again 

flipped to determine whether the second plot would be to 

the right or left of the line. The options are indicated 

by a "C" on the figure, where left was chosen. Then 

25 X 25 in plots, indicated by diagonal lines on the 

figure, were established for sampling large woody 

vegetation at a distance of 0-25 m and 75-100 m along the 

tape line using the line as one side of the 25 X 25 m 

square. Nested 10 X 10 m plots for sampling small woody 

vegetation, indicated by crosshatching on the figure, were 

located at a distance of 15-25 m and 75-85 m along the 

tape line using the line as one side of the 10 X 10 

square. Solid lines on Figure 6 indicate the options 

selected for the Interior Cypress plots. Dashed lines 

indicate the possible options that were not selected. 

Stakes were used to mark plot corners. During 

sampling, string was strung between corner posts of each 

plot and nested plot. In the 25 X 25 m plots, all woody 

vegetation with diameters at breast height (dbh, 1.37 m 

above ground surface) equal to or greater than 3.8 cm were 

measured and identified by species. In the 10 X 10 m 

plots all woody vegetation equal to or taller than 1 m was 

sampled. 

Woody vines were not sampled, since they represented 

an insignificant portion of the woody vegetation. Sabal 
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palms (Sabal palmetto) and palmettos are monocots and grow 

only in stem length, not diameter, developing thick stems 

through primary growth alone (Raven et al. 1976). Sabal 

palms generally grow vertically, but palmettos tend to 

grow in many directions, including horizontally. Because 

of their unique growth habits, palmettos were not included 

in this study. 

All sabal palms were measured in the 10 x 10 m plots 

and sabal palms with trunks >1 m tall were measured in the 

25 x 25 m plots. Trunk heights were measured from ground 

to the point at which only green petiole was visible. 

Sabal palms less than 1 m high were included in the "Small 

class" category and those >1 m were put in the "Large 

class" category. This classification uses diameter 

measurements for all other species and is discussed below. 

In the 10 X 10 m plots, basal diameter measurements 

were taken at 30 cm above the ground on individuals which 

were 1 m tall but less than 3.8 cm dbh. These plants are 

referred to as being in the "Small class" size category in 

the text. A height of 30 cm was chosen because of 

buttressing in some species, the prevalence of dense basal 

vegetation, and the difficulty of taking measurements 

below standing water. All individuals with 3.8 cm or 

larger dbh were measured at breast height. These plants 

are referred to as being in the "Large class" size 
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category in the text and were measured throughout the 

25 X 25 IR plot. 

Individuals that changed from Small to Large class 

categories from one sampling period to the next were 

measured at both basal and breast heights. Individuals 

that changed from Large to Small class categories within 

the 10 X 10 m plots were recorded as "main stem dead" and 

measured as Small class plants, if at least one stem still 

intersected a horizontal plane 1 m above the ground. If 

individuals outside the 10 X 10 m plot changed from Large 

to Small classification, they were considered dead. 

Change from Large to Small class categories occurred 

because of freezes, dieback, or physical damage to main 

stems between 30 cm and breast height, or complete dieback 

of above ground parts with resprouting at the base. 

All main stems and branches that intersected a 

horizontal plane at the height of diameter measurement 

were measured regardless of size if at least one stem met 

the 3.8 cm dbh or 1 m tall requirement. 

Decisions on whether a cluster of stems represented a 

single individual with multiple stems or group of 

individuals growing close together were made at the 

discretion of field personnel. The criteria were that if 

stems appeared to be emerging from the ground 

individually, they would be counted as separate 
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individuals, but if stems appeared to be physically 

connected above the ground surface, they would be counted 

as multiple trunks of the same plant. 

Data Collection 

Between 1975 and 1985, woody plant growth, mortality, 

and recruitment were monitored in the six major plant 

communities. Data were collected every year for the first 

three years (1975, 1976, and 1977) and then every other 

year after that (1979, 1981, 1983, and 1985), totaling 

seven sampling periods over ten years. Sampling was done 

during the winter months when species would be most 

dormant, usually between November and February. Dates 

used represent the January-February portion of the 

sampling period. An attempt was made to protect sites 

from both natural and prescribed fires. This was 

successful except for the Freshwater Marsh plots and one 

of the Wet Prairie plots. There were 2087 individuals 

encountered on one or more sampling periods during the 

study. A total of 9090 observations of living individuals 

were recorded during the 7 sampling periods. 

During the initial 1975 sampling period, in the 

25 X 25 m plots, diameters at breast height and heights of 

all individuals over 3.8 cm dbh were measured and species 

was recorded. In the nested 10 X 10 m plots, heights and 



50 

basal diameters (30 cm above the ground surface) of all 

woody plants l m or taller but less than 3.8 cm dbh were 

measured and species and measuring position (basal/dbh) 

were recorded. Field maps were made showing the 

approximate location of each individual. 

Diameters were measured with metal diameter tapes 

whenever possible. Calipers were used if the stem was too 

small for the tape, which was usually <2 cm. Since stems 

were very small and usually showed little variation in 

diameter at this size, one caliper reading was taken, 

rotating the calipers around the stem, recording the 

maximum possible diameter. Heights were measured with a 

tape, Brunton Pocket Transit, or Haga altimeter. 

Each plant was tagged with a 2.5 x 9 cm aluminum 

sheet tag bearing a written field number. Tags were 

fastened at the point where diameter measurements were 

taken. On larger plants, nails or staples were used to 

attach the tags. On smaller plants, the tags were wrapped 

around the stem. 

During subsequent collection periods all tagged trees 

and shrubs were relocated and diameters were measured and 

recorded. Species was recorded again for each individual 

to be compared later with previous records as a check. 

Mortality of tagged individuals was noted. 

In the 10 X 10 m plots, any previously untagged 
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plants which attained a height of 1 m since the last 

sampling were tagged and height, species, measuring 

position, and diameter were recorded. If individuals in 

the 10 X 10 m plots reached 3.8 cm or greater dbh for the 

first time, they were retagged at breast height and 

diameter was measured at both basal and breast height. 

Any plants that had attained a dbh of 3.8 cm in the 

25 X 25 m plots were tagged, diameter was measured at 

breast height, and height and species were recorded. 

Field maps of each plot showing the location of each 

individual were updated or redone. 

Data Preparation 

Data were entered and analyzed using Apple 11+ and 

Dell 80386SX (IBM compatible) computers with Statpro and 

Systat software programs respectively. Both software 

packages contain database, statistical, and graphics 

capabilities. Initially the following data were entered 

in the computer: site, sample number, initial height, 

presence or absence of branches, species, location in 

either Small Class or Large Class plot, diameter of main 

(largest) stem for each sampling period, and class status 

(discussed below) for each sampling period. 

Early data were originally measured in English units 

because metric calipers and diameter tapes were not 
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available. For taller trees, heights were determined 

trigonometrically using angles and a measured distance 

from the tree. Shorter trees were measured with a tape. 

Data were entered in the computer in the units recorded on 

the original data sheets and then converted to metric 

units where necessary. 

Due to the Statpro software limitation of 36 variable 

fields per file, branches were not entered in the initial 

stage of data entry. However, a variable was created 

which would indicate the presence or absence of branch 

data for each individual. The branch variable was to be 

used for checking purposes and in analysis for determining 

if the use of branch data enhanced or detracted from 

diameter vs. height regressions for each species. This 

would help to determine if recording branch information 

added sufficient useful information to justify the large 

amount of time necessary to collect and analyze the 

additional data. 

For each sampling period, a class variable was 

entered. This indicated if a change had been made in 

where the diameter measurement was taken, either basal or 

breast height, and if, on a given individual with more 

than one stem, there had been any change in which stem was 

measured as the largest stem. There were six classes: 

Large, Small, Small to Large, Large to Small, Large to 
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Large, and Small to Small. 

There was a class code for Large Class vegetation and 

another for Small class vegetation which denoted if the 

individual had a diameter at breast height of 3.8 cm or 

larger and was therefore measured at dbh, or if the 

individual had a diameter smaller than 3.8 cm at breast 

height and, therefore, a basal diameter measurement was 

taken at 30 cm above the ground; Since it was possible 

for an individual in the 10 X 10 m plots to change from 

Small to Large class category, there was a "Small to 

Large" class. It was also possible for an individual in 

the 10 X 10 m plot to change from Large to Small class 

category if the main stem died but the individual was not 

dead and at least one stem was still taller than 1 m, so 

there was a "Large to Small" class. 

Another possibility was the death of the biggest 

stem, where other stems were present and still alive. In 

the case of Large class individuals, the next biggest stem 

could also qualify as a Large class main stem, i.e. be 

3.8 cm dbh or bigger. In this case, the individual would 

remain in the Large class category, but the main stem 

measured would not be the same as the previous sampling 

period. In some analyses, comparisons between two 

different stems would be misleading and undesirable. 

Therefore, a "Large to Large" class was created. If the 
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biggest stem of a Large class individual died and the next 

biggest remaining stem were less than 3.8 cm dbh, the 

individual would be considered dead in the 25 X 25 m 

plots, or would fit the "Large to Small" class if it were 

in a 10 X 10 m plot. 

A similar situation could occur in the Small class 

category. The biggest stem of a Small class individual 

could die while other stems remained alive and were at 

least 1 m tall. Once again, comparisons between different 

stems would not be desirable in some analyses, so a "Small 

to Small" class was created. 

A variable to indicate location in either 25 X 25 m 

or 10 x 10 m plots was necessary to determine if Large 

class individuals whose largest stem was killed, but which 

had another stem less than 3.8 cm still alive, should be 

determined dead (if in the 25 X 25 m plot) or should 

change to the "Large to Small" class (if in the 10 X 10 m 

plot). 

Indication of Large class (Large, Small to Large, and 

Large to Large) or Small class (Small, Large to Small, or 

Small to Small) was also necessary for converting 

information to a per hectare level, since plot size 

differed for the two categories, because Small class 

individuals were measured only in the smaller 10 X 10 m 



plots and Large class individuals were measured in 

25 X 25 m plots. 
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Checking Procedures 

Specifics of checking procedures are discussed in 

Appendix A. Whenever irregularities were found, original 

data were checked for entry errors, the questionable data 

point was compared with data from surrounding sampling 

periods to see if the error could be pinpointed, the error 

was evaluated to see if the decimal point could be in the 

wrong place, tape could have been read wrong, the 

individual stem being measured could be different than the 

one previously measured, etc. Field checks were made when 

they could potentially add information that would help 

answer the question. 

When all pertinent information was available, 

decisions were made. Where the error seemed obvious, the 

correct number was substituted. When the data point 

seemed definitely wrong and the correct number was not 

obvious, the data point was changed to missing data. 

Where there was no obvious explanation and the data 

appeared possible, no change was made. For example, if 

diameters for each sampling period were 2, 2.2, 2.5, 6.5, 

2.9, 3.1, the fourth sampling period diameter would be 

considered definitely wrong because such changes in stem 
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diameter are physiologically unlikely and were not 

observed in the rest of the data. However, if the fourth 

diameter had been 3.1f it would not be considered as a 

definite error because this could be accounted for by one 

or a combination of factors. Examples could include 

random measurement error, measurements taken at a slightly 

different spot on the tree, vines or other plants 

obstructing the measurement area, tag loss or removal 

making the exact previous measuring position on the stem 

unknown, and natural swelling or shrinking of the stem. 

Records were kept of all data points examined and all 

changes made. 

All calculations and statistics were done twice if 

done by calculator. For all calculations and simple 

statistics done on the computer, one or more individual 

calculations were done on a calculator as a check. 

Missing Data 

If a previously measured individual could not be 

located, data for that sampling period were recorded as 

missing data. When all data were entered, all instances 

of missing data were evaluated. If a previously measured 

individual was never encountered again, it was considered 

dead. If the individual was found again in subsequent 

sampling periods after being missing for one or more 
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periods, the missing data were interpolated. 

Upon examination of the computerized data, there were 

instances where recorded numbers were deemed to be 

obviously wrong in comparison with the rest of the data 

for an individual. In cases of obvious error, the data 

were discarded and the data point was considered as 

missing data. 

Missing data points were estimated or interpolated 

using the methods described in Appendix B. This was done, 

rather than discard incomplete records or leave missing 

data flags in the dataset, because: 1) presence and/or 

number of individuals was important in many analyses and 

missing data flags would not record the presence of known 

individuals of a species or community, 2) estimation of 

missing data was, in most cases, within a reasonable range 

of accuracy to represent relationships over time that 

would otherwise not be represented, and 3) there were 

relatively few data points which needed to be estimated, 

so the estimations would not exert a major influence on 

the outcome of statistical analyses. Out of 8499 main 

stem data points, 136 (2%) were estimated. Estimating 

missing data for Large class (>3.8 cm dbh) wax myrtles for 

the first and second sampling periods, as discussed in 

Appendix B, represent 60 of the 136 estimated main stem 
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data points. Out of 1904 branch data points, 63 (3%) were 

estimated. 

Incorporation of Branch Data 

The same methods of data entry, checking, and 

provisions for missing data were used for branches (all 

stems except the biggest stem). In a few cases, branches 

were estimated as described in Appendix C. Then, diameter 

and branch data were used to create a "composite diameter" 

which would more accurately represent multi-stemmed 

species and low branching growth forms, where much of the 

biomass is present in secondary-stems. The species with 

the highest percent of individuals with branches were 

buttonbush, pond apple, strangler fig, dahoon holly, 

myrsine, and wax myrtle (Table 2). Slash pine and 

baccharis (Baccharis halimifolia) had no branches. Only 

3% of the gallberry and cypress sampled had branches. 

To calculate "composite diameter", for each 

individual the main stem and branches were individually 

converted to basal area, then added together, and the 

total basal area then converted back to a diameter 

measurement, a "composite diameter". The "composite 

diameter" was then used as the diameter measurement in 

further analyses. 
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Table 2. Summary Information concerning the importance of branches in "composite diameters" for 
each species. Included are number of individuals for each species, number of individuals with 
branches, and the percent of individuals with branches for each species. 

Branch Information 

COMMON NAME SCIENTIFIC NAME N 
N with 
Branches 

X N with 
Branches 

buttonbush Cechalanthus occidental is 40 32 80 

pond apple Annona glabra 35 24 69 

strangler fig Ficus aurea 18 10 56 

dahoon holly Ilex cassine 31 15 48 

myrsine Mvrsine quianensis 261 108 41 

wax myrtle Mvrica cerifera 351 136 39 

red bay Persea borbonia 166 64 39 

willow Salix caroliniana ' 78 29 37 

red mapte Acer rubrum 166 59 36 

dogwood Cornus foemina 15 4 27 

itea Itea vfrainica 13 3 23 

pop ash Fraxinus caroliniana 90 16 18 

lyonia Lvonia ferruqinea 132 10 8 

gallberry Ilex alabra 339 11 3 

cypress Taxodium distichum 229 7 3 

slash pine Pinus elliotii var. densa 103 0 0 

baccharis Baccharis halimifolia 6 0 0 

TOTAL 2073 528 

Conversion of All Diameter Data to 

Basal Measurement Equivalents 

Diameter measurements were taken at one of two 

possible heights on the trunk of each individual. This 

would make analysis of each species as a unit difficult 

since the two groups, each with diameters measured at 

different heights, could not be directly combined. 
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Therefore, all diameter measurements taken at breast 

height were converted to basal equivalents. This was done 

using linear regressions with composite basal diameter as 

a function of composite diameter at breast height based on 

additional data collected in 1988. 

Measurements were made on 50 individuals of each 

species present in the Large classes. Diameters at breast 

height and basal height, 1.37 m and 30 cm from the ground 

respectively, and all branches present at either height 

were recorded. The 50 trees of each species were sampled 

near, but not in, the actual study plots to minimize 

impacts on the plots. 

The main data set was examined to determine what 

proportion of each species came from which sites. An 

attempt was made to sample the 50 individuals from the 

same communities in the same proportions as the main data 

set. This was possible for all but 3% of the trees 

sampled. For example, in the main data set roughly 24% of 

the Large class pond apple trees were found in the Hammock 

community, 30% in the Edge Cypress community, and 45% in 

the Interior Cypress community. Therefore, if enough 

trees were available in the vicinity of the study sites in 

these communities, 12 trees were sampled near the Hammock 

sites, 15 near the Edge Cypress sites, and 23 near the 

Interior Cypress sites. (However, in this case, not 
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enough Large class pond apple could be located near the 

Interior Cypress community, so additional trees were 

sampled near the Edge Cypress community.) 

Data were entered, checked, and composite diameters 

calculated in the same manner as the main dataset 

described above. Then linear regressions of composite 

basal diameters as a function of composite diameters at 

breast height were calculated for each species. 

Coefficients of determination were high for most 

regressions (Table 3). Seven were in the O.SJO's, four in 

the 0.80's, and one each in the 0.70's and 0.50's. Pond 

apples (0.77) suffered severe loss of branches and main 

stems during freezes and have a naturally low spreading 

branch growth pattern, which could partially explain the 

lower r2. Buttonbush is a shrub and very seldom reaches a 

3.8 cm dbh. It also branches low on the stem. These 

factors could contribute to the low (0.58) r2. 

Regressions were used to convert all breast height 

diameters to basal equivalents. Basal diameters, 

comprising actual measured basal diameters for the Small 

classes and dbh measurements converted to basal 

equivalents for the Large classes, were used for all 

analyses. Any reference to "diameter" from this point 

forward will refer to the basal diameter as described 
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Table 3. Regressions used to convert breast height measurements to basal height equivalents. 
Linear regressions based on 50 measurements per species of diameters at breast height (1.37 m 
above ground) and basal height (30 cm above ground) were used to convert breast height 
measurements to basal height equivalents. Regression coefficients and coefficients of 
determination-^ ) are listed for each species regression. The regression formula was 
BP = a • b(PBH). BP ° basal diameter. OBH • diameter at breast height. 

Regressions of Diameter Measured at Basal Height 
as a Function of Diametar Measured at Breast Height 

COMMON NAME SCIENTIFIC NAME 
REGRESSION COEFFICIENTS 

r2 COMMON NAME SCIENTIFIC NAME 
a b 

r2 

buttonbush Ceohalanthus 
occidental is 

-0.349 1.326 0.58 

cypress Taxodium distichum 1.132 1.460 0.96 

dahoon holly I lex cassine 0.686 1.171 0.89 

dogwood Cornus foemina 0.666 1.052 0.83 

myrsine Mvrsine auianensis 1.160 0.982 0.83 

pond apple Annona glabra 4.550 1.047 0.77 

pop ash Fraxinus caroliniana 0.663 1.352 0.93 

red maple Acer rubrum 0.130 1.220 0.98 

red bay Persea borbonia 0.354 1.243 0.92 

slash pine Pinus elliotii var. 
densa 

0.830 1.152 0.98 

strangler 
fig 

Ficus aurea 0.752 1.164 0.87 

wax myrtle Mvrica cerifera -0.310 1.276 0.94 

willow Salix caroliniana 0.322 1.198 0.91 

above unless specifically indicated as being at breast 

height. 

Relating Diameter to Height and 

Estimating Heights for Each Sampling Period 

Data were collected on heights of all individuals the 

first time each was measured. From these data, 

regressions of diameter and height were developed for each 
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species. These regressions were used to calculate 

estimated heights for each sampling period for all 

individuals for further analysis. 

Duever et al. (1975) found excellent correspondence 

between diameter and height for the major tree species 

along the Central Marsh Transect in 1975. Because 

diameter and height seemed to be well correlated and 

because time and budget constraints would not allow height 

measurements with each sampling, it was decided that 

diameters would be used to estimate heights for each 

individual in subsequent sampling periods. 

Appendix D describes how height regressions were 

chosen. For subsequent analyses of forest structure, the 

best fit regressions (Table 4) were used to estimate 

height for all individuals for all sampling periods. Only 

predicted heights were used in the following height 

analyses to avoid discrepancies between actual height for 

the first sampling period versus estimated heights for any 

future samplings. 

Seventeen heights were estimated below the 1 m 

minimum height limitation. Since it was necessary for an 

individual to be 1 m tall to be included in the study, 

these 17 height measurements have been eliminated from 

height analyses only. 
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Table 4. Regressions of height as a function of basal diameter. Regressions with these 
coefficients for each species uere used to estimate heights for each sampling period. All 
regressions are linear: h « a • bd. d = basal diameter, h ° height. 

Regressions of Height as a Function of Basal Diameter 

COHHON 
NAME 

SCIENTIFIC NAME 
/ GROUP 

BASAL 
DIAMETER 
RANGE 
(cm) 

TYPE 
REGRES
SION 

REGRESSION 
COEFFICIENTS 

N r2 
COHHON 
NAME 

SCIENTIFIC NAME 
/ GROUP 

BASAL 
DIAMETER 
RANGE 
(cm) 

TYPE 
REGRES
SION 

a b 
N r2 

baccharis Baccharis halimifolia 1-2 log-x.y 1.821 1.922 6 0.50 

buttonbush CeDhalanthus 
occidental is 1-9 log-x,y 1.623 2.261 39 0.56 

cypress Taxodium distichum 
Small class: 
Large class: 

2-9 
7-291 

x,y 
log-x.y 

1.200 
10.419 

0.575 
17.912 

9 
217 

0.70 
0.91 

dahoon 
holly 

Ilex cassine 
1-26 x.y 1.591 0.599 31 0.75 

dogwood Cornus foemina 2-9 log-x.y -6.084 15.736 13 0.59 

gallberry Ilex alabra 0-2 x,y 0.751 0.915 339 0.40 

itea Itea virqinica 1-2 log-x.y 1.458 0.600 13 0.06 

lyoni a Lvonia ferruqinea 0-3 x,y 0.692 0.762 130 0.47 

myrsine Mvrsine quianensis 
0-12 

log-x, 
log-y 0.217 0.738 241 0.90 

pond apple Annona alabra 1-32 x.y 1.515 0.304 33 0.79 

pop ash Fraxinus caroliniana 
Small class: 
Large class: 

1-8 
6-35 

x,y 
log-x.y 

0.290 
-2.694 

1.106 
10.118 

25 
64 

0.59 
0.72 

red bay Persea borbonia 
Small class: 
Large class: 

0-5 
5-37 

x,y 
log-x.y 

0.278 
-2.103 

1.267 
11.020 

22 
137 

0.91 
0.62 

red maple Acer rubrum 1-76 log-x.y -2.333 11.233 162 0.83 

slash pine Pinus elliotii 
var. densa 

all but 1 individual: 
the 1 Hammock pine: 

2-28 
57-60 

x,y 
x.y 

-0.195 
25.247 

0.694 
0.787 

98 
2 

0.88 

strangler 
fig 

Ficus aurea 
1-18 x,y 1.193 0.638 17 0.88 

wax myrtle Mvrica cerifera 
Pine Forest: 
Wet Prairie: 

Hammock, Edge & 
Interior Cypress: 

1-9 
0-14 

0-23 

x,y 
log-x.y 

log-x.y 

0.843 
1.136 

1.802 

0.477 
1.664 

3.558 

86 
131 

100 

0.88 
0.59 

0.74 

willow Salix carol iniana 1-32 x.y 1.115 0.464 76 0.88 
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Discrepancies Caused bv Class Changes 

Since data were collected on Large Class individuals 

in 25 X 25 m plots, while data for Small class individuals 

were collected in only 10 X 10 m plots, it was necessary 

to multiply the Small class data by 6.25 before combining 

Small and Large class data for a' species. Therefore, for 

all of the following tabulations, Small and Large classes 

were compiled separately, then Small class data were 

weighted 6.25 times, stem density numbers were rounded to 

the nearest whole number, and, except for mortality and 

recruitment, the Small and Large classes were combined 

before performing further analysis. 

This method worked fairly well except when there were 

only a few individuals that were- changing from Small to 

Large class or vice versa. The data in Table 5 are a 

hypothetical example of this situation. In this example, 

Table 5. A hypothetical example of the confusion that can result from Small to Large size class 
changes when only a few individuals of that species are present in a plot. 

Hypothetical Example of Small to Large Class Changes 

YEAR 
BASAL DIA 
(cm) CLASS 

NUMBER 
25 X 25 m 

MEAN BASAL 
DIA (cm) 

BA/JA 
(m ) 

RED BAY #1 
RED BAY #2 

1981 
1981 

4.0 
15.0 

Small 
Large 

6 
1 

ALL RED BAY 1981 7 5.7 0.41 

RED BAY #1 
RED BAY #2 

1983 
1983 

4.5 
16.0 

Small-«Large 
Large 

1 
1 

ALL RED BAY 1983 2 10.2 0.35 
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only 2 red bays are present in the plot. One is located 

in the 10 X 10 m plot and is in the Small size class in 

1981. Since data were collected on Large Class 

individuals in 25 X 25 m plots,-while data for Small class 

individuals were collected in only 10 X 10 m plots, it was 

necessary to multiply the Small class red bay data by 

6.25, then round the resulting number to the nearest whole 

number, before combining Small and Large class data. 

Therefore, calculations were made by weighting the Small 

class red bay data 6.25 times to. determine Number, Mean 

Basal Diameter, and basal area per hectare (BA/ha) in 

1981. However, in 1983, the Small class red bay becomes 

large enough to enter the Large size class (dbh >3.8 cm) 

and is no longer weighted. This is misleading, since it 

appears that 5 red bays have died, that the Mean Basal 

Diameter has increased dramatically from 5.7 cm to 10.2 

cm, and that BA/ha has decreased-from 0.41 to 0.35 m2/ha, 

when numbers have not actually changed and Mean Basal 

Diameter and BA/ha are really increasing gradually. 

Similar confusion can be caused if there is main stem 

dieback and a Large class individual changes to Small 

class standing. Heights can also be further confused if 

different regressions were used to predict Small and Large 

class height. All transitions do not affect the summary 

statistics as much as this example, especially when there 
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are many or only one of that species, and depending on the 

size distribution of the individuals present. 

Large •<—> Small class transitions are the exception, 

but do exist in the data. Fifty-eight of the 2087 

individuals present in the study changed classes, 

including 17 Large to Small class changes, 36 Small to 

Large class changes, and 5 with both types of change. 

When such data are discussed, inconsistencies are pointed 

out in the text. Also any class changes are listed on the 

Density tables for each replicate. 



ANALYSIS 

68 

Frequency tables were compiled by diameter size 

class for each species for each sampling period in each 

replicate. 

The number of individuals of each species per hectare 

for each sampling period in each replicate were calculated 

and graphs were made for each replicate of number as a 

function of sampling date. The same procedure was 

followed for mean diameter and basal area per hectare. 

Mean, minimum, and maximum heights for each species 

in each sampling period for each replicate were calculated 

using the predicted height data. Graphs for each 

replicate were made showing the mean and range of heights 

for each species over time and the range area was stippled 

to illustrate canopy structure within the replicate. 

Annual growth rates were calculated for each 

individual using the formula: 

diameter--diameter 
growth ra te — 

growth rate = the mean annual growth rate for the 

two years between sampling periods 

Diametert = diameter for sampling period t 

Diametert.j = diameter for the sampling period 

2 years before sampling period t 
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Only data for two year intervals were used (data from 1976 

were not included). Growth rates were calculated only if 

the actual measurements for sampling period t and t-i were 

made at the same height on the same stem. If a main stem 

died or if measurements were taken at basal height for 

period t-i and breast height for period t, the data were 

not used in growth calculations. This was done to avoid 

discrepancies between actual and estimated basal 

diameters. 

Scatter diagrams of growth rate were plotted as a 

function of diameter for each species by sampling period 

and replicate. Graphs were studied to see if growth rate 

was dependent on size. 

If this appeared to be a possibility for any species, 

linear regressions of growth as a function of diameter for 

each sampling period were calculated, statistics on the 

regression were run, and the regression was plotted. 

These were examined to determine if growth was dependent 

on size for the possible species in any replicate. If 

growth was dependent on size, linear regressions of growth 

as a function of diameter for each sampling period were to 

be used rather than mean growth rates. No species showed 

consistently high coefficients of determination (adjusted 

r2) within a replicate to indicate a strong dependence of 

growth on size (Table 6). In cases where the adjusted r2 



Table 6. Regressions to determine if grouth rate was dependent on size. If growth appeared to be dependent on size, regressions were, 
calculated for the possible species by replicate for each growth period. Those species examined are listed with nuifcer and adjusted r 
(coefficient of determination). Mote that in only three cases was the adjusted r >60 when number was >6; these are indicated with an *. 

Regressions of Growth Rate as a Function of Diameter 

SPECIES | 
GROUTH PERIOD- 1975-77 1977-79 1979-81 1981-83 1983-85 

SPECIES | 
REPLICATE Adj r^ N Adj r^ N Adj r^ N Adj r^ N Adj r^ N 

I Edge Cypress 1 0.0 56 30.7 56 21.5 56 18.1 56 16.8 56 
CYPRESS 

Edge Cypress 2 22.4 154 35.3 154 35.2 150 42.5 144 48.6 141 

CYPRESS 
Interior Cypress 1 36.9 8 0.0 8 2.4 8 0.0 8 0.0 8 

CYPRESS 
Interior Cypress 2 0.0 4 82.8 4 65.7 4 98.1 4 99.2 4 

HYRSINE 
Hammock 1 18.8 30 0.1 34 6.7 44 12.5 41 0.0 42 

HYRSINE 
Hammock 2 11.0 103 0.0 89 9.0 92 0.0 80 0.0 68 

RED BAY 
Hammock 1 25.2 73 21.3 67 30.0 64 23.5 56 3.5 51 

RED BAY 
Hammock 2 13.1 52 25.0 49 33.3 41 4.1 43 2.0 37 

RED 8AY 
Edge Cypress 1 2 52.3 3 25.0 3 99.9 3 0.3 4 

RED 8AY 
Edge Cypress 2 13.2 3 63.2 4 0.0 5 61.4 6 0.0 5 

RED BAY 
Interior Cypress 1 2 89.4 3 0.0 3 2 

RED BAY 
Interior Cypress 2 2 2 2 32.8 3 2 

RED MAPLE 
Hammock 1 42.3 72 39.0 67 37.4 64 34.6 59 25.4 54 

RED MAPLE 
Hammock 2 52.0 42 21.4 35 35.9 29 44.2 28 25.5 26 

RED MAPLE 
Edge Cypress 1 2 40.7 3 93.6 3 0.0 3 

RED MAPLE 
Edge Cypress 2 90.6 5 59.6 6 96.1 6 64.6 9 95.5* 9 

RED MAPLE 
Interior Cypress 1 0.0 16 8.4 15 26.7 15 0.0 15 0.0 15 

RED MAPLE 
Interior Cypress 2 0.0 7 0.0 6 0.0 6 0.0 7 0.0 7 



Table 6. Regressions to determine if growth rate was dependent on size, continued. 

Regressions of Growth Rate as a Function of Diameter 

GROWTH PERIOD- 1975-77 1977-79 1979-81 1981-83 1983-85 
SPECIES 

REPLICATE Adj r2 N Adj r2 N Adj r^ N Adj r2 N Adj r2 N 

Pine Forest 1 16.7 29 27.2 29 8.6 29 31.0 29 14.1 29 
SLASH PINE 

Pine Forest 2 33.7 56 35.3 59 55.8 61 60.4* 62 49.4 62 

i 

i 

l 
i 
i 

i 
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was >60, numbers were <6 with exceptions in only 3 growth 

periods (2 for red maple in Edge Cypress Plot 2 for growth 

rates between 1981-83 and 1983-85, N = 9, and one for 

slash pine in Pine Forest Plot 2 for growth rate between 

1981-83, N = 62). 

Since growth was not strongly dependent on diameter, 

mean growth rates were calculated and plotted for each 

species in each sampling period for each replicate. 

Frequency and percent recruitment tables were 

compiled for each species for each sampling period in each 

replicate. Recruitment was analyzed separately for 

individuals entering the Small class and the Large class, 

i.e. Small and Large classes were never combined. 

Calculations for the Large class included individuals 

which changed from Small to Large class in the nested 

10 X 10 m plot and first appearances of all individuals 

that reached a 3.8 cm dbh for the first time in the rest 

of the 25 X 25 m plot. 

Percent recruitment was calculated using the 

formula: 

„ number recruited for sampling period t 
% recrui tmen t = ——-—= ^ , • :—~rr 

total number alive for sampling period t 

Graphs were made for each replicate of Small and Large 

class frequency and percent recruitment as a function of 
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sampling date. 

Mortality was also analyzed separately for 

individuals that died according to the criteria for Large 

class and for Small class. Large class mortality included 

all individuals with diameters >3.8 cm at dbh which either 

died completely or, in the nested 10 x 10 m plots, 

suffered partial dieback resulting in no stems >3.8 cm at 

dbh (i.e. any individuals where;main stems died that went 

from Large to Small class). Small class mortality 

included only individuals from the nested 10 x 10 m plot 

which were in the Small class the previous sampling 

period. 

Frequency and percent mortality tables were compiled 

for each species for each sampling period in each 

replicate for both Large and Small classes. Percent 

mortality was calculated using the formula: 

% mortali tv= num^>er that died fox sampling period t 
numbex alive fox samplingpexiod fc-1 

Where sufficient numbers died, frequency and percent 

mortality tables were compiled by size class for each 

species for each sampling period in each replicate to 

determine if mortality was related to size. 

Graphs were made of for each replicate of Small and 

Large class number and percent mortality as a function of 

sampling date. 
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Frequency and percent tables were also compiled for 

individuals whose main stems died for each species for 

each sampling period in each replicate. These designated 

whether the main stem death fit into the following 

categories: 1) LARGE TO LARGE: the main stem of a Large 

class individual died and the next biggest stem was big 

enough to keep the individual in, the Large class, 2) LARGE 

TO SMALL: the main stem of a Large class individual in 

the 10 X 10 m plot died and the next biggest stem was less 

than 3.8 cm dbh, so the individual changed to the Small 

class, and 3) SMALL TO SMALL: the main stem of a Small 

class individual died, but there was another 1 m tall stem 

present, so the individual remained in the Small class. 

These data were analyzed in conjunction with mortality 

data since Large to Small class data were only collected 

in the nested 10 X 10 m plots. 

Analyses of sabal palms, found only in the Hammock 

community, included number, height, recruitment, and 

mortality analyses as described above. Mean growth was 

plotted using height rather than diameter, and evaluated 

separately. 
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Results are discussed by plant community. Numbers of 

individuals are per 25 X 25 m plot unless otherwise noted. 

Growth rates represent increase in basal diameter per year 

(cm/yr) and are a mean growth rate from the 2 year period 

between the sampling period date indicated and the 

previous sampling period. Basal area is based on basal 

diameters. 

Pine Forests 

The Pine Forest plots represent a community response 

to a relatively intense prescribed burn, which occurred 

2 or 3 years before data collection began, as well as a 

community from which fire had been excluded for 12 or more 

years by the end of the study in 1985. Though the exact 

date is not known, it is assumed that the Pine Forest 

community plots were last burned in the winter of 1972-

1973. However, there is a possibility that the plots 

burned 1 year earlier than this time. 

Though slash pine was the only woody species recorded 

in 1975, the understory did and still does contain a 

relatively dense cover of palmettos. Based on 

photographs, the palmettos appeared to have been 0.25-

0.5 m tall in 1975 and were approximately 0.75-1.5 m tall 
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in 1985. The density was not recorded in the initial 

sampling periods, but by 1985, Plot 1 contained a 

virtually solid cover of palmetto and Plot 2 contained 

some dense patches, but also some open grassy areas. 

Palmettos do not have a vertical trunk or grow in 

diameter and are difficult to compare with woody 

vegetation. Selected individuals were measured, but no 

information is available on their numbers on a per unit 

area basis. Though no comparable data are available, 

palmettos should be considered as a factor in community 

structure for the Pine Forest community. 

Community Structure and Dynamics 

It is difficult to view the Pine Forest community 

except as a changing system, since community structure 

changed dramatically over the decade of study. 

Overall, heights (Figure 7), numbers (Table 7), 

diameters (Table 8), and basal area (Table 9) increased 

throughout the study in the Pine Forest community plots. 

There was no mortality in half the species and very low 

mortality in the other half, with recruitment always far 

outnumbering mortality (Tables 10 and 11). 

At the initiation of the study in 1975, 2 years after 

the last fire on the site, slash pine was the only woody 

species present that was large enough to be included in 
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Figure 7. Pine Forest community canopy structure. Minimum, mean, and maximum heights in meters 
are shown for each species. All woody Individuals >1 m tall were sampled. 
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Table 7. Pine Forest community stem density by species. All woody individuals >1 m tall were 

Stem Density (number/25 X 25 m plot) for Pine Forest Plot 1 

1975 1976 19 77 1979 1981 1983 1985 

DAHOON HOLLY 0 0 0 0 6 8 10 

GALLBERRY 0 19 44 238 475 538 1325 

LYON1A 0 169 206 300 306 350 369 

SLASH PINE 29 29 29 29 29 29 - 29 

SWEET BAY 0 0 0 0 0 0 6 

WAX MYRTLE 0 19 44 175 194 219 *227 

TOTAL 29 236 323 • 742 1,010 1,144 1,966 

Changes in size class (see discussion on page S3) are listed below to aid in interpretation 
of the data. Net gain/loss indicates the number that would be added/subtracted to/from the 
previous sampling period due to actual mortality and recruitment. L - S indicates Large to 
Small size class change. S •* L indicates Small to Large size class change. These changes also 
affect diameter, basal area, height, and growth rate data, but are only listed on this table. 

Changes in Size Class for Pine Forest Plot 1 

SPECIES SAMPLING 
PERIOD 

NUMBER OF 
CHANGES 

DIRECTION 
OF CHANGE ACTUAL NET GAIN OR LOSS 

WAX MYRTLE 1985 1 S - L NET GAIN OF 13 

Stem Density (number/25 X 25 m plot) for Pine Forest Plot 2 

1975 1976 1977 1979 1981 1983 1985 

DAHOON HOLLY 0 0 0 2 4 4 4 

GALLBERRY 0 0 0 31 125 175 331 

LYONIA 0 169 231 269 275 263 281 

SLASH PINE 56 56 59 61 62 62 63 

WAX MYRTLE 0 50 50 75 95 107 153 

TOTAL 56 275 340 438 561 611 832 
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Table 8. Pfne Forest community mean basal diameter by species. Diameters were measured 30 cm 

Mean Basal Diameter (cm) for Pine Forest Plot 1 

1975 1976 1977 1979 1981 1983 1985 

DAHOON HOLLY 0.9 2.8 4.6 

GALLBERRY 0.9 0.9 0.8 0.8 0.9 0.7 

LYONIA 0.9 0.9 1.0 1.1 1.1 1.1 

SLASH PINE 12.8 13.5 14.3 16.0 17.4 18.6 19.8 

SWEET BAY 0.7 

WAX MYRTLE 1.2 1.3 1.6 2.2 2.3 2.5 

Mean Basal Diameter (cm) for Pine Forest Plot 2 

1975 1976 1977 1979 1981 1983 1985 

DAHOON HOLLY 6.1 6.7 7.4 9.0 

GALLBERRY 0.7 0.9 0.9 1.0 

LYONIA 0.8 0.9 0.9 0.9 0.9 0.9 

SLASH PINE 8.7 9.2 9.7 10.7 11.8 12.7 13.5 

WAX MYRTLE 1.4 1.7 1.9 2.3 2.5 2.5 
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Table 9. Pine Forest community basal area per hectare by species. Basal areas were calculated 
using basal diameter measurements (measured 30 cm above ground). All woody individuals >1 m 
tall were sampled. 

2 
Basal Area (nr) per Hectare for Pine Forest Plot 1 

1975 1976 1977 1979 1981 1983 1985 

DAH00N HOLLY 0.01 0.14 0.37 

GALLBERRY 0.02 0.05 0.19 0.41 0.59 1.06 

LYONIA 0.16 0.24 0.45 0.47 0.55 0.62 

SLASH PINE 6.40 7.06 7.96 9.88 11.67 13.34 15.11 

SWEET BAY <0.01 

WAX MYRTLE 0.03 0.09 0.61 1.32 1.72 2.32 

TOTAL 6.40 7.27 8.34 11.13 13.88 16.34 19.48 

5 
Basal Area (m) per Hectare for Pine Forest Plot 2 

1975 1976 1977 1979 1981 1983 1985 

DAHOON HOLLY 0.10 0.23 0.28 0.42 

GALLBERRY 0.02 0.12 0.19 0.45 

LYONIA 0.14 0.24 0.28 0.28 0.29 0.35 

SLASH PINE 5.76 6.46 7.51 9.69 11.97 14.05 16.34 

WAX HYRTLE 0.13 0.18 0.38 0.72 0.96 1.57 

TOTAL 5.76 6.73 7.93 10.47 13.32 15.77 19.13 



81 

Table 10. Pine Forest community recruitment by species. Small Class individuals were >1 m tall 
but <3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of individuals 
per 25 X 25 m plot. Percent recruitment » number recruited / total number alive In that sampling 
period. 

Small Class Recruitment for Pine Forest Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 •83 

in C
O

 

SUM '76 '77 '79 '81 '83 '85 

6 6 DAHOON 
HOLLY 

100 

19 25 219 356 200 906 1725 GALLBERRY 100 57 92 75 37 68 

169 44 94 25 56 50 438 LYON IA 100 21 31 8 16 14 

0 SLASH PINE 

6 6 SWEET BAY 100 

19 25 131 38 38 44 295 WAX MYRTLE 100 57 75 20 17 20 

207 94 444 425 294 1006 2470 TOTAL 

Large Class Recruitment for Pine Forest Plot 1 

NUMBER SPECIES PERCENT 

•76 '77 '79 '81 d
o
 

w
 

'85 SUH '76 •77 '79 '81 '83 '85 

2 2 4 DAHOON 
HOLLY 

100 50 

0 GALLBERRY 

0 LYONIA 

0 SLASH PINE 

0 SWEET BAY 

8 8 WAX MYRTLE 100 

0 0 0 0 2 10 12 TOTAL 
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TeblMO^lM^orMy^^U^rKrultm^^^les^^lg^. 

Small Class Recruit Ttent for Pine Forest Plot 2 

NUMBER SPECIES PERCENT 

•76 '77 '79 '81 •83 '85 SUN '76 '77 '79 '81 '83 '85 

0 DAHOON 
HOLLY 

31 94 88 181 394 GALLBERRY 100 75 50 55 

169 63 44 25 31 44 376 LYONIA 100 27 16 9 12 16 

0 SLASH PINE 

50 25 19 13 38 145 WAX MYRTLE 100 33 20 12 26 

219 63 100 138 132 263 915 TOTAL 

Large Class Recruitment for Pine Forest Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 •83 '85 SUN '76 •77 '79 '81 '83 •85 

2 2 4 DAHOON 
HOLLY 

100 50 

0 GALLBERRY 

0 LYONIA 

3 2 1 1 7 SLASH PINE 5 3 2 2 

1 8 9 WAX MYRTLE 100 89 

0 3 4 4 0 9 20 TOTAL 
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Table 11. Pine Forest community mortality by species. Small Class individuals Here >1 m tall but 
<3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of individuals per 
25 X 25 m plot. Percent mortality » number died / total number alive in the previous sancling 
period. 

Small Class HortaUty for Pine orest Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 •79 '81 '83 '85 StM '76 '77 '79 '81 '83 '85 

0 DAHOON 
HOLLY 

25 119 138 119 401 GALLBERRY 57 50 29 22 

6 19 13 31 69 LYONIA 4 6 4 9 

0 SLASH PINE 

0 SWEET BAY 

19 13 38 70 WAX MYRTLE 11 7 17 

0 6 25 157 164 188 540 TOTAL 

Large Class Mortality for Pine Forest Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUM '76 •77 '79 '81 '83 '85 

0 0 0 0 0 0 0 TOTAL 

Small Class Mortality for Pine Forest Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUM '76 '77 '79 '81 '83 '85 

0 DAHOON 
HOLLY 

38 25 63 GALLBERRY 30 14 

6 19 44 25 94 LYONIA 3 7 16 10 

0 SLASH PINE 

0 WAX MYRTLE 

0 0 6 19 82 50 157 TOTAL 

Large Class Mortality for Pine Forest Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 •83 '85 SUN '76 '77 •79 '81 •83 '85 

0 0 0 0 0 0 0 TOTAL 
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our samples. 

Lyonia, wax myrtle, and a few gallberrys reached the 

1 m minimum height by 1976 (Figure 7). Lyonias appeared 

in large numbers in both plots, as did 32% of the wax 

myrtles in Plot 2. Small numbers of wax myrtle and 

gallberry also appeared in Plot 1. Some dahoon hollys and 

new slash pines were probably also present at this time, 

but were located outside the nested Small class (>1 m tall 

and dbh <3.8 cm) study plot, and were not recorded until 

they reached the Large class size of 3.8 cm dbh. By 1979, 

all species were present except the single sweet bay 

(Magnolia virainiana) which entered prior to the last 

sampling period. 

Slash pine in both plots and lyonia in Plot 2 have 

attained a relatively stable population level. Wax myrtle 

and lyonia in Plot 1 have continued to increase in numbers 

throughout the 1980's. Gallberry is the only species 

which continued to increase in numbers at a rapid rate. 

The character of the Pine Forest community is still 

changing steadily after 12 years of succession, with a 

definite shift to a hardwood dominated community in the 

absence of fire. No species has yet suffered heavy 

mortality (Table 11), indicating.that competition between 

individuals for environmental resources such as light, 

nutrients, and water, is not yet a severe limiting factor. 
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Also slash pine minimum, maximum, and mode diameters 

increased steadily, while the range increased only 

slightly over time, suggesting minimal intraspecific 

competition among slash pine individuals (Table 12). 

By far, slash pine has more basal area per hectare 

than all other species combined throughout the study 

(Table 9). Until 1979, lyonia was second to slash pine in 

basal area per hectare, but by the end of the study in 

1985, wax myrtle had surpassed all species except slash 

pine. Gallberry, dahoon holly, and lyonia had similar 

basal areas per hectare by the end of the study. By 1985, 

community basal area per hectare for slash pine was 

15.7 m2/ha, while for all other species combined it was 

3.6 m2/ha. 

The open canopy of the Pine Forest community is 

composed solely of slash pine which reached mean heights 

of 13.6 m in Plot 1 and 9.2 m in Plot 2 in 1985 

(Figure 7). By the end of the study, there was an 

emerging open subcanopy of scattered dahoon holly and wax 

myrtle, with maximum heights of 8.7 m and 5.0 m 

respectively. There were a few slash pine in the 

subcanopy stratum in Plot 2, but none in Plot 1. 

Palmetto, gallberry, lyonia, and most wax myrtles formed 

an often dense shrub layer which very slowly increased in 

height. Gallberry and lyonia never exceeded 2.7 m in 
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Table 12. Stem density by basal diameter size class for slash pine in the Pine Forest conmunity. 
Size classes include all fractions of the number designating the size class, i.e. Size Class 5 
includes all diameters from 5.000 to 5.999. All individuals >1 m tall in each 25 X 25 m plot are 
included. Diameters were measured at a basal height of 30 cm above ground. 

Stem Density by Basal Diameter Size Class for Slash Pine in the Pine Forest Plots 

PLOT 1 SIZE 
CLASS 
(cm) 

PLOT 2 

TOTAL 75 76 77 79 81 83 85 

SIZE 
CLASS 
(cm) 75 76 77 79 81 83 85 TOTAL 

2 1 1 S 6 2 3 3 1 1 16 

2 1 1 6 11 10 8 3 4 2 3 41 

6 2 3 1 7 8 11 11 7 6 5 4 52 

5 1 1 2 1 8 8 6 5 10 6 6 7 48 

6 1 1 1 2 1 9 7 9 8 4 7 7 6 48 

7 1 1 1 2 2 10 5 4 7 8 4 4 1 33 

10 2 2 2 1 1 2 11 6 6 5 7 7 4 6 41 

16 7 2 2 2 2 1 12 2 3 5 5 6 7 6 34 

17 1 6 6 1 1 2 13 1 2 1 2 5 3 4 18 

14 5 3 2 2 1 1 14 1 2 3 5 3 6 3 23 

17 2 3 4 5 2 1 15 1 2 1 3 3 3 13 

17 2 2 2 3 6 1 1 16 1 3 3 2 6 15 

19 2 2 2 5 5 3 17 2 1 4 1 8 

11 2 2 3 2 2 18 1 2 1 3 7 

13 1 1 2 1 3 2 3 19 3 2 3 8 

8 1 2 1 3 1 20 1 4 1 6 

9 2 2 2 3 21 1 1 

7 2 2 1 2 22 1 3 4 

8 3 2 3 23 1 1 

3 2 1 24 1 1 

3 2 1 25 1 1 

2 2 26 

0 27 

1 1 28 

29 29 29 29 29 29 29 TOTAL 56 56 59 61 62 62 63 
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height and were generally about 1.5 m tall in 1985. In 

the shrub stratum, wax myrtle was common, but no slash 

pine or dahoon holly were present. 

Especially in Plot 1, the shrub layer has become 

increasingly dense, allowing little light penetration. As 

individuals entered the plots over time, canopy structure 

changed very little. Slash pine heights increased most 

dramatically, with lesser increases in dahoon holly and 

wax myrtle, and very little change in gallberry and 

lyonia. Palmetto heights probably increased from 

approximately 0.5 to 1.5 m during the study. 

The two tallest species, slash pine and dahoon holly, 

had the highest growth rates throughout the study 

(Table 13). Wax myrtle was next highest and showed the 

greatest decrease in growth rate over time of any species. 

Lyonia and gallberry, which tend to be narrow-stemmed 

shrubs even at maturity, had the lowest growth rates. 

Plot l tended to progress faster and have 

consistently higher values in almost all categories. 

Plot 1 also contains a denser, more even shrub stratum of 

palmetto, while Plot 2 contained some open areas dominated 

by herbaceous vegetation. Since palmetto tend to grow on 

higher areas, the average elevation of Plot 1 is probably 

slightly higher. This would make the location of Plot 1 

more suitable for more vigorous growth of slash pine as 
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Table 13. Pine Forest community mean growth rates by species. Growth rates represent increase 
in basal diameter (measured at 30 cm above ground) per year (cm/yr) and are a mean growth rate 
from the 2 year period between the sampling period date indicated and the previous sampling 
aeriod. All woody individuals >1 m tall were sampled. 

Mean Growth Rate (cm) for Pine Forest Plot 1 

1977 1979 1981 1983 1985 

DAHOON HOLLY 0.300 0.568 

GAILBERRY 0.099 0.119 0.067 0.056 

LYONIA 0.094 0.017 0.020 0.036 

SLASH PINE 0.757 0.833 0.714 0.603 0.596 

SWEET BAY 

WAX MYRTLE 0.470 0.392 0.133 0.187 

Mean Growth Rate (cm) for Pine Forest Plot 2 

1977 1979 1981 1983 1985 

DAHOON HOLLY 0.674 0.351 0.830 

GALLBERRY 0.108 0.079 0.113 

LYONIA 0.010 0.024 0.038 

SLASH PINE 0.571 0.629 0.575 0.472 0.465 

WAX MYRTLE 0.290 0.301 0.167 0.089 

well as the other upland species. Therefore higher 

elevation could be a significant factor explaining higher 

growth rates and quantity of vegetation in Plot 1. 

Another possibility is that Plot 1, with fewer, 

larger slash pines, could represent a more mature 

community structure than Plot 2. However, both plots are 

bordered by larger slash pines with 30-57 cm basal 

diameters and the landscape is composed of a wide range of 

heterogeneous uize classes of this species. There are no 

records or field evidence of this area ever being logged. 

These factors make differences in maturity a less likely 
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cause in the variation between plots. 

There was no slash pine recruitment in Plot 1 and 

only 7 new slash pines entered in Plot 2 (Table 10). All 

7 new slash pine in Plot 2 entered as Large class 

individuals (>3.8 cm dbh) with 3 in 1977, 2 in 1979, and 

1 each in 1981 and 1985. The slash pines appearing in the 

1970's could be individuals which survived the fire, but 

those first recorded in the 1980's most likely germinated 

after the fire. Slash pine in the Corkscrew area does not 

have a fire resistant grass stage like longleaf pine 

(Pious palustris). The very low levels of slash pine 

recruitment may be the result of shading by the palmetto 

understory, competition for water and nutrients with the 

palmetto, and/or lack of a good year for seed formation, 

viability, germination, or seedling survival within the 

study period. However, there was germination in other 

locations on and around the sanctuary within the study 

period. Lack of fire, especially in the later half of the 

study permitted the development of a dense understory, 

which could be a major factor reducing recruitment in the 

1980"s, particularly in Plot 1. 

Dahoon holly was sparsely distributed in both Pine 

Forest plots (Table 7). Diameters (Table 8), growth rates 

(Table 13), and heights (Figure 7) were greater for dahoon 

holly than for any other species in the Pine Forest 
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community except slash pine. Most dahoon holly appear to 

have begun growth shortly after the fire but did not enter 

the sample range until 1979 in Plot 2 and 1981 in Plot 1 

(Table 10). 

Plot 1 wax myrtle had a flush of recruitment in 1979, 

6 years after the fire. Plot 2 was more open than Plot l 

with fewer palmettos to create high understory 

temperatures during a fire; the initial entry of 32% of 

the total wax myrtles for that plot was in the 1976 

sampling period, 3 years after the fire. 

The number of gallberrys has increased at a very 

rapid rate, with new individuals almost always 

representing more than 50% of the total number present for 

any sampling period (Tables 7 and 10). There appeared to 

be no leveling off of this rapid increase in numbers at 

the end of the study. In Plot 1, there were 906 new 

gallberry in 1985 with a total of 1325 present, the 

equivalent of 21,200 gallberry per hectare. Gallberry 

appeared later and increased in number and basal area at a 

somewhat slower rate in Plot 2, but recruitment was still 

impressive with 181 recruits in 1985 and a total of 331 

individuals. In both sites, mortality appeared 3-4 years 

after the first appearance of gallberry in a plot and was 

low compared to recruitment (Tables 10 and 11). 

Mean heights for gallberry were consistently about 
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1.5 in in Plot 1 and 1.5-1.6 m in Plot 2 (Figure 7). Due 

to the increasing height of the palmettos, especially in 

Plot 1, any gallberrys that were much shorter than 1.5 m 

by the end of the study would be receiving virtually no 

direct sunlight. This relationship may be responsible for 

the low correlation between gallberry diameter and height 

(Table 4, page 64). 

Lyonia showed the most rapid initial height growth 

after the fire. The first year lyonia was large enough to 

be sampled, recruitment was very high. Recruitment 

remained relatively high for 2-4 years, then dropped off 

to a lower level (Table 14). In the first 2 years lyonia 

was present, 49% of the total number of individuals 

recruited for the whole 9 year period were present in 

Plot 1 and 62% were present in Plot 2. After the initial 

flush, recruitment tended to level off in Plot 2 and rise 

at a slower rate in Plot 1. 

Table 14. Lyonia recruitment rates in mwber per year as recorded in the Pine Forest community. 

Lyonia Recruitment Rates (number/yr) in the Pine Forest Community 

PLOT 1976 1977 1979 1981 1983 1985 

1 169 44 47 <27 

2 169 63 <23 

As with gallberry, there was a low correlation 

between lyonia diameter and height, which may be because 
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vertical growth is a more important factor in survival, 

especially in Plot 1, due to the height of dense palmettos 

which must be exceeded in order to receive direct sunlight 

(Table 4, page 64). 

There was some lyonia mortality between 1979 and 

1985, but never more than 9% per sampling period in Plot 1 

or 16% per sampling period in Plot 2 (Table 11). The only 

sampling period where more individuals died than were 

recruited (i.e. when numbers went down) in the whole Pine 

Forest community occurred in 1983 in Plot 2 when lyonia 

lost 44 and gained only 31 trees. 

Summary 

Hardwood shrubs first reached 1 m heights 3-4 years 

after an intense fire and continued to increase in number 

and basal area throughout the study. The canopy slash 

pines which survived the fire more than doubled in basal 

area during the 10-year study, but there was virtually no 

slash pine recruitment. 

The Wet Prairie Community 

The Wet Prairie community plots are representative of 

this community when fire is excluded. This community 

would normally have a fire frequency of 1-8 years. Fire 

was suppressed in the Wet Prairie plots successfully from 
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1954 until Plot 2 burned in 1982 (29 years) and through 

the end of the study for Plot l (32 years). Absence of 

fire has allowed encroachment of woody species into this 

typically herbaceous community. 

Wax myrtle, an upland species, was the only woody 

component in Plot 2 and dominated the woody population in 

Plot 1 (Table 15). Wax myrtle developed the low-branching 

wide growth form common to this species in open areas with 

unrestricted sunlight. Though many wax myrtles were 

present in 1975, 431 in Plot l and 69 in Plot 2, mean 

basal diameters were small and there were no Large class 

(dbh >3.8 cm) individuals present until 1985 (Tables 16 

and 17). Canopy trees were absent, and the individuals 

present represented a tall shrub layer with mean heights 

never exceeding 2.7 m and maximum heights of 3.1 m for wax 

myrtle and 5.3 m for slash pine (Figure 8). 

Plot 1 contained more than 5 times the number of wax 

myrtles found in Plot 2 throughout the comparable 6 year 

period, but numbers within each plot remained relatively 

constant over this time (Table 15). Plot 1 was located 

closer to the Pine Forest community while Plot 2 was 

closer to the Edge Cypress Forest on the lower end of the 

topographic gradient. Therefore, Plot 1 is most likely 

better suited for upland species, since it is probably at 

a higher elevation and is closer to upland seed sources. 
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Table 15. Wet Prairie community stem density by species. All woody individuals >1 m tall were 
sampled. Density represents number per 25 X 25 m plot (1/16th ha). ~ 

Ste •m Density (number/25 X 25 m plot) for Wet Prairie Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BACCHAR1S 6 0 0 19 13 6 0 

SLASH PINE 6 6 6 6 13 *32 57 

WAX MYRTLE 431 419 456 450 481 406 *283 

TOTAL 443 425 462 475 507 444 340 

Changes in size class (see discussion on page 53) are listed below to aid in interpretation 
of the data. Net gain/loss indicates the number that would be added/subtracted to/from the 
previous sampling period due to actual mortality and recruitment. L -• S indicates Large to 
Small size class change. S -• L indicates Small to Large size class change. These changes also 
affect diameter, basal area, height, and growth rate data, but are only listed on this table. 

Changes in Size Class for Wet Prairie Plot 1 

SPECIES SAMPLING 
PERIOD 

NUMBER OF 
CHANGES 

DIRECTION 
OF CHANGE ACTUAL NET GAIN OR LOSS 

SLASH PINE 1983 1 S - L NET GAIN OF 25 

WAX MYRTLE 1985 2 S - L NET LOSS OF 112 

Stem Density (number/25 X 25 m plot) for Wet Prairie Plot 2 

1975 1976 1977 1979 1981 1983 1985 

WAX MYRTLE 69 63 63 56 81 0 0 

TOTAL 69 63 63 56 81 0 0 

Table 16. Wet Prairie community mean basal diameter by species. Diameters were measured 30 cm 
above ground. All woody individuals >1 m tall were sampled. 

Mean Basal Diameter (cm) for Wet Prairie Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BACCHARIS 0.8 0.9 1.6 1.5 

SLASH PINE 1.7 2.2 2.5 4.2 3.9 3.2 3.3 

WAX MYRTLE 3.1 3.1 3.2 3.7 4.1 4.2 2.9 

Mean Basal Diameter (cm) for Wet Prairie Plot 2 

1975 1976 1977 1979 1981 1983 1985 

WAX MYRTLE 2.9 2.7 2.7 2.8 2.3 
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Table 17. Wet Prairie community recruitment by species. Small Class Individuals were >1 m tall 
but <3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of individuals 
per 25 X 25 m plot. Percent recruitment " number recruited / total number alive in that sampling 
period. 

Small Class Recruitment for Wet Prairie Plot 1 

NUMBER SPECIES PERCENT 

•76 '77 '79 '81 •83 •85 SUM '76 '77 '79 '81 do
 

C
M

 

'85 

19 19 BACCHARIS 100 

6 25 25 5 6 SLASH PINE 46 81 45 

25 50 56 44 38 63 276 WAX MYRTLE 6 11 12 9 9 22 

25 50 75 50 63 88 351 TOTAL 

Large Class Recruitment for Wet Prairie Plot 1 

NUMBER SPECIES PERCENT 

•76 •77 '79 '81 '83 '85 SUH '76 '77 '79 '81 '83 

in C
O

 

0 BACCHARIS 

1 1 SLASH PINE 100 

2 2 WAX MYRTLE 100 

0 0 0 0 1 2 3 TOTAL 

Small Class Recruitment for Wet Prairie Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 •85 SUN •76 '77 '79 00
 

do
 

'85 

6 6 38 50 WAX MYRTLE 10 11 47 | 

0 6 6 38 0 0 50 TOTAL 

Large Class Recruitment for Wet Prairie Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 •83 •85 SUH '76 '77 '79 '81 '83 '85 

-

0 0 0 0 0 0 0 TOTAL 
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Figure 8. Uet Prairie community canopy structure. Minimum, mean, and maximum heights in meters 
are shown for each species. All woody individuals >1 m tall were sampled. 

Plot 1 Plot 2 

22.5 22.5 22.5 

18.0 18.0 18.0 

I 13'5 J 13-5 13.5 

0.0 0.0 0.0 

4.5 4.5 4.5 

Jo.o 0.0 0.0 

BACCHARIt SLASH PINE WAX MYRTLE WAX MYRTLE 

Basal area of wax myrtle in Plot 2 was small, never 

exceeding 0.8 m2/ha (Table 18). However, at its peak in 

1981, wax myrtle basal area in Plot 1 was 14.9 m2/ha. 

Baccharis and slash pine were also present in Plot 1. 

A few baccharis would appear, then die fairly quickly, so 

that numbers never exceeded 19 individuals and basal area 

was always small, never exceeding 0.04 m2/ha. Slash pine 

increased in number and basal area throughout the study, 

with 57 individuals present at the end of the study having 

a basal area of 0.87 m2/ha. 

Recruitment and mortality were present at low to 

moderate rates, resulting in generally stable numbers 

through 1981 (Tables 17 and 19). There were no living 
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Table 18. Uet Prairie community basal area per hectare by species. Basal areas were calculated 
using basal diameter measurements (measured 30 cm above ground). All woody individuals >1 m 
tall were sampled. ~ 

p 
Basal Area Cm) per Hectare for Wet Prairie Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BACCHARIS <0.01 0.02 0.04 0.02 

SLASH PINE 0.02 0.04 0.05 0.14 0.26 0.44 0.87 

WAX MYRTLE 7.11 7.24 8.56 11.34 14.88 12.66 3.94 

TOTAL 7.13 7.28 8.61 11.50 15.18 13.12 4.81 

2 Basal Area (m ) per Hectare for Wet Prairie Plot 2 

1975 1976 1977 1979 1981 1983 1985 

WAX MYRTLE 0.83 0.72 0.69 0.62 0.68 

TOTAL 0.83 0.72 0.69 0.62 0.68 0 0 
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Table 19. Wet Prairie community mortality by species. Small Class individuals were >1 m tall but 
<3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of individuals per 
25 X 25 m plot. Percent mortality • number died / total number alive in the previous sampling 
period. 

Small Class Mortal ty for Wet Prairie Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SIM '76 '77 '79 '81 '83 85 

6 6 6 6 24 BACCHARIS 100 32 46 100 

0 SLASH PINE 

38 13 63 13 113 175 415 WAX MYRTLE 9 3 14 3 23 43 

44 13 63 19 119 181 439 TOTAL 

Large Class Mortality for Wet Prairie Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '33 '85 SUM '76 •77 '79 '81 '83 85 

| 
0 0 0 0 0 0 0 TOTAL 

Small Class Mortality for Wet Prairie Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUM '76 '77 | '79 '81 '83 85 

6 6 13 13 81 119 WAX MYRTLE 9 10 I 21 23 100 

6 6 13 13 81 0 119 TOTAL 

Large Class Mortality for Wet Prairie Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUM '76 '77 '79 '81 '83 85 

0 0 0 0 0 0 0 TOTAL 
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trees in Plot 2 after 1981. In Plot 1 for the 1983 and 

1985 sampling periods respectively, mortality increased 

when 113 and 175 wax myrtles died, representing 23% and 

43% of the population, and all remaining baccharis died, 

6 each for 1983 and 1985. 

There are several possible explanations for this 

decline: 1) Wax myrtle is not a long-lived species and 

fire had been excluded from the site for 32 years, so some 

wax myrtle could be dying of old age (Duever and Riopelle 

1984). 2) Water went below ground about the beginning of 

December 1981 in the Wet Prairie community, 1 month 

earlier than any other year during the study period, and 

the water table dropped more rapidly through the winter 

months than in any other year during the study (Table 2 0). 

Therefore water stress could be a factor in 1983 sampling 

mortality, especially since the Wet Prairie has a sandy 

soil. 3) Water levels were above ground in the Wet 

Prairie community from mid June 1982 until the end of the 

study (except for less than a week in June 1983), which 

could stress this relatively upland species especially in 

the 1985 sampling period after over 31 months of extended 

inundation (Table 20). 
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Table 20. Water level fluctuation in the Wet Prairie. MONTHS INUNDATED is the time that water 
was above ground during one wet season in this connunity to the nearest quarter month. MONTHS 
INUNDATED does not include short time periods when water temporarily receded below ground. 

Water Level Fluctuation in the Wet Prairie Connunity 

WHEN WATER ROSE 
ABOVE GROUND SURFACE 

WHEN WATER WENT 
BELOW GROUND SURFACE 

MONTHS 
INUNDATED 

SAMPLING 
PERIOD 

AFFECTED 

beginning February, 1974 

end June, 1974 beginning January, 1975 6.25 1975 

mid July. 1975 mid January, 1976 6 1976 

end June, 1976 mid March, 1977 7.75 1977 

mid July, 1977 mid May, 1978 9 
1979 

mid July, 1978 beginning April, 1979 8.5 
1979 

mid August, 1979 
19.25 1981 

mid March, 1981 
19.25 1981 

mid July, 1981 beginning December, 1981 4.25 
1983 

mid June, 1982 end May, 1983 11.25 
1983 

beginning June, 1983 
20.75 1985 

end February, 1985 
20.75 1985 

Summary 

Woody species which normally occupy more upland sites 

have become established in this marsh community with the 

exclusion of fire for 3 decades. Wax myrtle seems well 

established and slash pines have become part of the woody 

component within the last decade. At this time, 

transformation to a Pine Forest had not occurred, but the 

process could be beginning. However, since this community 

has a longer hydroperiod than Pine Forest communities in 

South Florida, it is more likely that, if current 

hydrologic conditions can be maintained, this Wet Prairie 
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community will remain a well established shrub community 

with fire as the primary factor controlling the ratio of 

herbaceous and woody vegetation. 

The Hammock Community 

Community structure 

The Hammock community has a closed canopy composed 

mainly of red maple and red bay (Figure 9). A few dahoon 

holly and willow were also found in the canopy of Plot 2. 

Plot 1 contained 2 emergent individuals, a bald cypress 

and a slash pine. This was the only slash pine and 1 of 

only 2 cypress in the Hammock plots. The subcanopy 

contained dogwood, pond apple, the other cypress, most of 

the dahoon holly, and some myrsine and sabal palm. 

Myrsine dominated the shrub zone, which was also occupied 

by wax myrtle, and a few strangler fig, willow, sabal 

palm, and buckthorn (Bumelia reclinata). 

Both sites showed very similar structural form. The 

mean, minimum, and maximum height values for red maple, 

the tallest canopy component, differed the most with fewer 

but taller trees in Plot 2. Maximum height was 15.9 m for 

red maple in Plot 1 and 17.6 m in Plot 2 at the beginning 

of the study in 1975. Except for the two cypress and the 

single willow in Plot 1, all other species found in both 

plots showed amazingly similar mean heights and height 



Figure 9. Hammock community canopy structure. Hinimun, mean, and maximum heights in meters are shown for each species. All woody 
individuals >1 m tall were sampled. Slash pine, dahoon holly, buckthorn, cypress, willow, dogwood, and strangler fig in Plot 1 and cypress 
in Plot 2 are single individuals and are represented by a single line. 
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ranges. 

There were three dominant species in the Hammock 

community: myrsine, red bay, and red maple. Myrsine had 

by far the highest numbers in both plots, especially 

Plot 2, with 587 individuals at the beginning of the study 

(Table 21). Plot 1 contained 167 myrsine in 1975, the 

highest number of individuals for any species in that plot 

in 1975. Red bay was the next most abundant species, 

followed by red maple. Wax myrtle numbers were higher in 

Plot 1 at the beginning of the study than all species 

except myrsine, but dropped rapidly to below all the 

dominant species by 1981. Plot 2 contained more 

individuals than Plot 1 and had consistently higher 

numbers for myrsine, dahoon holly, dogwood, and willow. 

Minor components of the Hammock community included 

buckthorn, cypress, dogwood, dahoon holly, pond apple, 

sabal palm, slash pine, strangler fig, and willow, ranging 

in numbers from 0 to 19 per plot in 1975. 

Of the three dominant species, the species with the 

highest number tended to have the lowest basal area 

(Table 22). Red maple had the highest basal area in both 

plots, 20.1 m2/ha in Plot 1 and 32.4 m2/ha in Plot 2 in 

1975. Red bay had less than half and myrsine had about a 

tenth the basal area of red maple. The single large slash 

pine and large cypress in Plot 1 exceeded myrsine in basal 
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Table 21. Hamnock community stem density by species. All woody individuals >1 m tall were 
sampled. Density represents number per 25 X 25 m plot (1/16th ha). ~ 

; Stem Densit y (number/2 5 X 25 m plot) for Hammock Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BUCKTHORN 6 6 6 0 0 0 0 

CYPRESS 1 1 1 1 1 1 1 

DAHOON HOLLY 1 1 1 1 1 1 1 

DOGWOOD 1 1 1 1 1 1 1 

HYRSINE 167 161 *157 173 179 *146 145 

RED BAY 117 123 114 *91 71 *75 *94 

RED MAPLE 99 99 84 67 64 65 72 

SABAL PALM 18 18 18 18 20 *14 14 

SLASH PINE 1 1 1 1 1 1 1 

STRANGLER FIG 6 6 6 6 *1 0 0 

WAX MYRTLE 137 112 
* 
115 76 37 16 23 

WILLOW 0 0 1 0 0 0 0 

TOTAL 554 529 505 435 376 320 352 

Changes in size class (see discussion on page 53) are listed below to aid in interpretation 
of the data. Net gain/loss indicates the number that would be added/subtracted to/from the 
previous sampling period due to actual mortality and recruitment. L - S indicates Large to 
Small size class change. S -• L indicates Small to Large size class change. These changes also 
affect diameter, basal area, height, and growth rate data, but are only listed on this table. 

Changes in Size Class for Hammock Plot 1 

SPECIES SAMPLING 
PERIOD 

NUMBER OF 
CHANGES 

DIRECTION 
OF CHANGE ACTUAL NET GAIN OR LOSS 

MYRSINE 1977 1 S - L NET GAIN OF 1 

MYRSINE 1983 2 S - L NET LOSS OF 23 

RED BAY 1979 1 L - S NET LOSS OF 28 

RED BAY 1983 2 L - S NET LOSS OF 7 

RED BAY 1985 3 L - S NET LOSS OF 3 

SABAL PALM 1983 1 S - L NO NET LOSS 

STRANGLER FIG 1981 1 S - L NO NET LOSS 

WAX MYRTLE 1977 1 S - L NET GAIN OF 9 
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Table 21. Hammock community stem density by species, continued. 

Stem Density (number/25 X 25 m plot) for Hammock Plot 2 

1975 1976 1977 1979 1981 1983 1985 

CYPRESS 0 0 1 1 1 1 1 

DAHOON HOLLY 19 12 12 11 11 11 11 

DOGWOOO 16 16 17 17 16 16 14 

HYRSINE 587 550 *576 *536 *510 397 *346 

POND APPLE 7 7 8 8 8 3 1 

RED BAY 91 91 91 71 *66 66 *74 

RED MAPLE 46 44 42 35 30 28 26 

SABAL PALM 4 4 10 10 10 10 18 

WAX MYRTLE 11 11 12 4 3 4 3 

WILLOW 4 4 2 2 1 0 0 

TOTAL 785 739 771 695 656 536 494 | 

Changes in size class (see discussion on page 53) are listed below to aid in interpretation 
of the data. Net gain/loss indicates the number that would be added/subtracted to/from the 
previous sampling period due to actual mortality and recruitment. L - S indicates Large to 
Small size class change. S - L indicates Small to Large size class change. These changes also 
affect diameter, basal area, height, and growth rate data, but are only listed on this table. 

Changes in Size Class for Hammock Plot 2 

SPECIES SAMPLING 
PERIOD 

NUMBER OF 
CHANGES 

DIRECTION 
OF CHANGE ACTUAL NET GAIN OR LOSS 

MYRSINE 1977 1 S - L NET GAIN OF 31 

MYRSINE 1979 3 L - S NET LOSS OF 55 

MYRSINE 1981 1 L - S NET LOSS OF 31 

MYRSINE 1985 1 L - S NET LOSS OF 56 

RED BAY 1981 1 L - S NET LOSS OF 11 

RED BAY 1985 1 L - S NET GAIN OF 2 
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Table 22. Hammock community basal area per hectare by species. Basal areas were calculated 
using basal diameter measurements (measured 30 cm above ground). All woody individuals >1 m 
tall were sampled. ~ 

p 
Basal Area (nr) per Hectare for Hammock Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BUCKTHORN 0.02 0.02 0.02 

CYPRESS 2.07 2.14 2.37 2.84 3.35 3.96 4.57 

DAHOON HOLLY 0.05 0.05 0.05 0.06 0.06 0.06 0.06 

DOGWOOD 0.04 0.04 0.04 0.04 0.04 0.04 0.05 

MYRSINE 1.60 1.76 2.02 2.28 2.46 2.31 2.71 

RED BAY 9.24 9.64 9.34 10.29 10.65 10.39 12.91 

RED MAPLE 20.14 20.49 20.38 22.55 25.74 27.99 29.30 

SABAL PALM 

SLASH PINE 4.04 4.08 4.17 4.26 4.34 4.49 4.58 

STRANGLER FIG 0.11 0.17 0.23 0.27 0.06 

WAX MYRTLE 2.45 2.42 2.33 1.42 1.06 0.76 0.91 

WILLOW 0.04 

TOTAL 39.76 40.81 40.99 44.01 47.76 50.00 55.09 

p 
Basal Area (m ) per Hectare for Hammock Plot 2 

1975 1976 1977 1979 1981 1983 1985 

CYPRESS 0.07 0.08 0.08 0.08 0.09 

DAHOON HOLLY 1.14 1.11 1.16 1.18 1.29 1.37 1.42 

DOGWOOD 0.61 0.55 0.62 0.64 0.65 0.68 0.64 

MYRSINE 4.33 4.61 4.77 5.11 5.33 4.93 4.49 

POND APPLE 0.87 0.95 1.15 1.24 1.35 0.67 0.36 

RED BAY 8.24 8.67 9.01 9.63 9.88 10.04 10.00 

RED MAPLE 32.41 32.76 34.83 37.36 40.65 44.26 46.89 

SABAL PALM 

WAX MYRTLE 0.20 0.20 0.23 0.16 0.14 0.18 0.18 

WILLOW 1.80 1.75 1.54 1.55 1.30 

TOTAL 49.60 50.60 53.38 56.95 60.67 62.21 64.07 
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area throughout the study, and wax myrtle had more basal 

area than myrsine in Plot 1 until 1979. All other species 

had very low basal areas, the largest in Plot l being 

strangler fig in 1979, with a basal area of 0.3 m2/ha, and 

willow for the first year in Plot 2, with a basal area of 

1.8 mz/ha. 

Community Dynamics 

The Hammock community showed several patterns of 

change over the ten year period which indicate that the 

Hammock plots were progressing toward a more mature 

hardwood forest. The number of individuals decreased 

during the ten year study for all species which were 

represented by more than one individual in a plot, with 

only one exception, sabal palm in Plot 2 (Table 21). 

In each plot, the mean diameter of each species 

increased over time (Table 23). This included all species 

in both plots comparing 1975 and 1985 data, or until all 

individuals were dead; the only exception was l buckthorn 

which remained the same size until it died. 

Basal area was larger at the end of the study for the 

three dominant species and two emergents (Table 22). Red 

maple increased the most; basal area increased 9.2 m2/ha 

during the study in Plot l and 14.5 m2/ha in Plot 2. Red 

bay basal areas increased 3.7 and 1.8 m2/ha in Plots 1 
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Table 23. Hammock community mean basal diameter by species. Diameters were measured 30 cm 
above ground. All woody individuals >1 m tall were sampled. 

Mean Basal Diame ter (cm) for Hammock Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BUCKTHORN 1.5 1.5 1.5 

CYPRESS 40.6 41.2 43.4 47.5 51.6 56.2 60.3 

DAHOON HOLLY 6.3 6.3 6.5 6.7 6.9 6.7 6.7 

DOGWOOD 5.6 5.6 5.7 5.7 5.8 5.9 6.1 

MYRS1NE 2.3 2.6 2.6 2.5 2.6 2.7 3.0 

RED BAY 6.5 6.3 6.5 8.1 9.8 8.7 8.7 

RED MAPLE 10.6 10.6 11.8 14.4 15.6 15.5 14.0 

SABAL PALH 

SLASH PINE 56.7 57.0 57.6 58.2 58.8 59.8 60.4 

STRANGLER FIG 3.8 4.6 5.4 5.8 6.9 

WAX MYRTLE 3.2 3.6 3.4 3.2 3.8 5.6 4.6 

WiLLOW 5.6 
. 

Mean Basal Diameter (cm) for Hammock Plot 2 

1975 1976 1977 1979 1981 1983 1985 

CYPRESS 7.6 7.8 7.8 7.8 8.4 

DAHOON HOLLY 5.3 6.8 6.9 7.1 7.3 7.4 7.5 

DOGWOOD 5.3 A.8 5.0 5.0 5.3 5.4 5.5 

MYRSINE 1.9 2.1 2.1 2.2 2.2 2.5 2.5 

POND APPLE 9.9 10.3 10.6 11.0 11.4 13.2 16.9 

RED BAY 6.5 6.7 6.8 8.4 8.4 8.6 7.6 

RED MAPLE 19.6 20.3 21.6 25.3 28.9 31.6 34.0 

SABAL PALM 

WAX MYRTLE 2.9 3.0 3.1 5.6 6.0 6.0 6.8 

WILLOW 16.0 15.8 22.9 23.0 32.2 
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and 2 respectively from beginning to end of the study. 

Basal area of myrsine in Plot 1 increased l.l m2/ha over 

the study period, while in Plot 2 it rose until 1981, then 

declined, resulting in only a slight total increase at the 

end of the study, 0.2 m2/ha. 

The only cypress in Plot 1 showed extraordinarily 

fast growth, more than doubling its basal area over the 

ten year period and having by far the fastest growth rate 

of any species in any plot in any community, averaging 

2.0 cm/yr for the 10 year period (Table 24). The small 

cypress in Plot 2 also increased in basal area over time, 

but at a much slower rate. 

Wax myrtle and willow basal areas both showed a 

steady decrease throughout the study, with willows dying 

out completely after 1981. Wax myrtle basal area ranged 

from 2.45 to 0.91 m2/ha from the beginning to the end of 

the study in Plot 1 and from 0.20 to 0.18 m2/ha in Plot 2. 

Willow in Plot 2 had a basal area of 1.8 m2/ha in 1975, 

which steadily decreased until all individuals died after 

the 1981 sampling. These two species are both early 

successional species which persist best in areas where 

they have access to full sunlight. Their decrease in 

number and basal area indicates that conditions in the 

Hammock plots become less favorable for early successional 

species over time. This conclusion is strengthened by the 
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Table 24. Hammock community mean growth rates by species. Growth rates represent increase in 
basal diameter (measured at 30 cm above ground) per year (cm/yr) and are a mean growth rate from 
the 2 year period between the sampling period date indicated and the previous sampling period. 
Alt woody individuals >1 m tall were sampled. 

Mean Growth Rate (cm) for Hammock Plot 1 

1977 1979 1981 1983 1985 

BUCKTHORN -0.025 

CYPRESS 1.386 2.067 2.031 2.275 2.087 

DAHOON HOLLY 0.074 0.036 0.117 -0.117 0.000 

DOGWOOD 0.067 -0.014 0.053 0.053 0.105 

MYRSINE 0.136 0.083 0.083 0.054 0.102 

RED BAY 0.141 0.213 0.181 0.108 0.151 

RED MAPLE 0.270 0.408 0.510 0.452 0.460 

SABAL PALM 

SLASH PINE 0.439 0.302 0.288 0.518 0.288 

STRANGLER FIG 0.811 0.189 

WAX MYRTLE 0.091 0.066 0.071 0.254 0.263 

WILLOW 

Mean Growth Rate (cm) for Hammock Plot 2 

1977 1979 1981 1983 1985 

CYPRESS 0.113 <0.001 <0.001 0.292 

DAHOON HOLLY 0.061 0.079 0.094 0.072 0.050 

DOGWOOD 0.172 0.026 0.168 0.098 0.146 

MYRSINE 0.103 0.056 0.053 0.062 0.065 

POND APPLE 0.364 0.187 0.200 -0.269 0.316 

RED BAY 0.178 0.146 0.233 0.133 0.195 

RED MAPLE 0.359 0.558 0.774 0.667 0.552 

SABAL PALM 

WAX MYRTLE 0.071 0.066 0.064 0.021 0.653 

WILLOW -0.114 0.039 -0.150 
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fact that no other species declined in basal area during 

the study, except tropical species affected by freezes, 

and buckthorn, which had a stable basal area while alive. 

The only sampling period that showed a definite 

decline of tropical species was the 1983 sampling, the 

period following the January 1982 freeze, which was the 

most severe freeze during the study period (Table 1, 

page 24). There were other freezes during the study, but 

they occurred when water levels were higher than during 

the 1982 freeze (Table 25). These freezes either did not 

affect the study plots or their effects were so small that 

they could not be distinguished from the overall mortality 

pattern. 

Table 25. Communities with water levels above ground during freeze events. Standing water 
tends to moderate temperatures and reduce freeze damage to tropical vegetation. Communities are 
arranged from highest to lowest elevation. See Table 1, page 24, for actual temperatures for 
the freeze dates. 

Communities with Water Levels Above Ground During Freeze Events 

FREEZE DATE 
SAMPLING 
PERIOD 
AFFECTED 

COMMUNITIES WITH WATER LEVELS ABOVE GROUND ON THE FREEZE DATE 

FREEZE DATE 
SAMPLING 
PERIOD 
AFFECTED PINE 

FOREST HAMMOCK 
WET 

PRAIRIE 
EDGE 

CYPRESS 

FRESH
WATER 
MARSH 

INTER
IOR 

CYPRESS 

January 20, 1977 1979 X X X X 

January 13, 1981 1981 X X X X 

January 19, 1981 1981 X X X X 

January 12, 1982 1983 X 

January 22, 1985 1985 X X X X 
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There are three species which are considered tropical 

in the Hammock plots: strangler fig, pond apple, and 

myrsine. Throughout the transect, myrsine showed no 

clearcut decline attributable to freezes, and mortality in 

the Hammock plots in 1983 was not appreciably different 

from what had been measured in earlier samples (Table 26). 

Evidently it is more hardy than strangler fig and pond 

apple, at least in the relatively interior locations where 

the study plots were located. 

Table 26. Hammock community mortality by species. Small Class individuals were >1 m tall but 
<3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of individuals per 
25 X 25 m plot. Percent mortality - number died / total number alive in the previous sampling 
period. 

Small Class Mortality for Hammock Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 •79 '81 '83 •85 SIM '76 <77 '79 '81 '83 85 

6 6 BUCKTHORN 100 

0 CYPRESS 

0 DAHOON 
HOLLY 

0 DOGWOOD 

13 25 25 6 25 19 113 MYRSINE 8 17 18 4 16 16 

6 25 19 50 RED BAY 12 57 76 

6 13 19 RED MAPLE 32 100 

0 SABAL PALM 

0 SLASH PINE 

0 STRANGLER 
FIG 

38 6 38 38 19 139 WAX MYRTLE 30 6 38 60 76 

0 WILLOW 

51 43 107 63 44 19 327 TOTAL 
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Table 26. Hainnock community mortality by species, continued. 

large Class HortaUty for Hanwock Plot 1 

NUMBER SPECIES PERCENT 

'76 •77 '79 '81 '83 '85 SUH '76 '77 '79 '81 '83 85 

BUCKTHORN 

CYPRESS 

DAHOON 
HOLLY 

DOGWOOD 

MYRSINE 

30 RED BAY 14 H 

27 RED MAPLE 11 10 

SABAL PALM 

SLASH PINE 

STRANGLER 
FIG 

100 

15 11 17 14 66 

WAX MYRTLE 

WILLOW 

TOTAL 

13 

100 

15 17 
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Table 26. Hammock community mortality by species, continued. 

Smatl Class Mortality for Hammock Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUN '76 '77 '79 '81 '83 '85 

0 CYPRESS 

6 6 DAH00N 
HOLLY 

46 

0 DOGUOOO 

38 44 125 100 163 75 545 MYRSINE 7 8 23 20 34 21 

0 POND APPLE 

19 13 6 38 RED BAY 43 52 24 

0 RED MAPLE 

0 SABAL PALM 

6 6 WAX MYRTLE 100 

0 UILLOU 

44 44 150 113 169 75 595 TOTAL 

Large Class Mortality for:Hammock Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUN '76 '77 '79 '81 '83 •85 

0 CYPRESS 

1 1 DAHOON 
HOLLY 

17 

1 1 3 5 DOGWOOO 10 9 30 

3 2 1 8 14 MYRSINE 8 6 3 24 

5 2 7 POND APPLE 63 67 

2 5 7 14 RED BAY 4 11 17 

2 2 7 5 2 2 20 RED MAPLE 4 5 17 14 7 7 

0 SABAL PALM 

2 1 2 5 WAX MYRTLE 33 25 50 

2 1 1 4 WILLOW 50 50 100 

2 5 15 15 9 24 70 TOTAL 
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Pond apple, found only in Plot 2, suffered freeze 

damage. All pond apple were in the Large size class (dbh 

>3.8 cm) with basal diameters in the 8-16 cm size classes. 

Basal area increased over time until the sampling period 

following the 1982 freeze, when the 5 smallest of the 

8 pond apples present died (Tables 22 and 26). The 

2 smaller of the 3 remaining individuals were dead the 

following sampling period, possibly representing a lag in 

mortality caused by weakening due to 1982 freeze damage or 

as a result of the January 1985 freeze. 

Strangler fig data are based on 1 sampled individual 

in Plot 1 whose basal diameter steadily increased from 

3.8 cm in 1975 to 6.9 cm in 1981. It was dead in the 1983 

sampling. Since this individual showed consistent 

vigorous growth before 1983, it seems quite likely that 

death was caused by the freeze. The drop in strangler fig 

basal area in 1981 (Table 22) is actually only a function 

of the calculation method which arises when an individual 

in the nested 10 X 10 m plot changes from Small size class 

to Large size class. Values for Small class individuals 

are multiplied by 100 while values for Large class 

individuals are multiplied by only 16 to calculate per 

hectare information (see Discrepancies Caused by Class 

Changes discussion on page 65). 

The 2 hardwood species not yet discussed in terms of 
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change in basal diameter over time, dahoon holly and 

dogwood, increased in basal area throughout the study. 

They are shade tolerant subcanopy hardwoods that are 

present in both plots in small numbers. The one small 

cypress present in Plot 2 also represents a shade tolerant 

species. 

Since palms do not grow in diameter, they cannot be 

compared with other woody species using diameter or basal 

area data. Sabal palms ranging in height from 0.08-8.8 m 

were present in small numbers (Table 27). There was some 

sabal palm recruitment, but no mortality throughout the 

study. 

Table 27. Sabal palm heights in the Haimiock community. Maximum, mean, and minimum heights are 
given in meters. 

Height (m) Data for Sabal Palms in Hammock Plot 1 

1975 1976 1977 1979 1981 1983 1985 

MAXIMUM 6.71 6.86 7.01 7.32 7.62 7.50 7.60 

MEAN 1.A4 1.54 1.62 1.80 1.88 2.36 2.46 

MINIMUM 0.15 0.15 0.20 0.15 0.15 0.18 0.22 

Height (m) Data for Sabal Palms in Hammock Plot 2 

1975 1976 1977 1979 1981 1983 1985 

MAXIMUM 7.31 7.53 7.76 8.20 7.92 8.23 8.80 

MEAN 5.51 5.62 2.30 2.38 2.52 2.54 1.72 

MINIMUM 1.02 1.09 0.09 0.08 0.10 0.13 0.13 
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Shrub recruitment was very low in all species except 

myrsine (Table 28). Only 4 other species showed any 

recruitment at the Small class level (>1 m tall), 

totalling only 80 plants, while myrsine alone recruited 

371 individuals in both plots combined. Recruitment was 

more evenly distributed among species at the Large class 

entrance level (dbh >3.8 cm) including 6 species in Plot 1 

and 7 species in Plot 2. There was a flush of recruitment 

at the Large class level in 1977, with 46% of the Large 

class individuals entering during that 1 year period. 

Mortality was present in all species except cypress 

(N = 2) and slash pine (N = 1) and was erratically 

distributed throughout the study period, except for the 

tropical species (Table 26). Total mortality was greater 

than recruitment in both Small and Large class levels for 

both plots. The Hammock community contained about half of 

the main stem dieback recorded for the whole transect, 299 

Hammock community main stem diebacks out of 648 diebacks 

for all communities combined (Table 29), mostly for 

myrsine and red bay (see pages 52-55 and 74 for 

discussions of main stem dieback or death). 

There were no common trends in growth rate among the 

woody species in the Hammock community, though growth 

rates generally tended to show less variation over time 

than in other communities (Table 24). Species in the 
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Table 28. Hammock community recruitment by species. Small Class individuals were >1 m tall 
but <3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of individuals 
per 25 X 25 m plot. Percent recruitment = number recruited / total number alive in that sampling 
seriod. 

Small Class Recruitment for Hammock Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUN '76 '77 '79 '81 '83 '85 

0 BUCKTHORN 

0 CYPRESS 

0 DAHOON 
HOLLY 

0 DOGWOOD 

6 19 38 13 13 89 MYRSINE ft 1ft 25 8 12 

6 6 RED BAY 12 

6 6 12 RED MAPLE 100 32 

0 SABAL PALM 

0 SLASH PINE 

0 STRANGLER 
FIG 

13 13 6 32 WAX MYRTLE 13 13 46 

0 WILLOW 

25 32 38 13 6 25 139 TOTAL 
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Table 28. Hanwock community recruftment by species, continued. 

Large Class Recruitment for Hannock Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUN '76 '77 '79 '81 do
 

w
 

'85 

0 BUCKTHORN 

0 CYPRESS 

0 DAHOON 
HOLLY 

0 DOGWOOD 

8 4 1 4 5 22 HYRSINE 42 17 4 15 16 

3 2 2 7 RED BAY 4 3 4 

0 RED MAPLE 

2 2 SABAL PALM 29 

0 SLASH PINE 

1 1 STRANGLER 
FIG 

100 

3 1 4 WAX MYRTLE 20 8 

1 1 WILLOW 100 

0 15 4 7 4 7 37 TOTAL 
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Table 28. Hammock community recruitment by species, continued. 

Small Class Recruitment for Hammock Plot 2 

NUMBER SPECIES PERCENT 

•76 •77 •79 '81 '83 '85 SUN >76 <77 '79 '81 •83 •85 

CYPRESS 

DAHOON 
HOLLY 

DOGWOOD 

69 69 69 50 25 282 HYRSINE 13 14 15 14 

POND APPLE 

18 RED BAY 24 24 16 

RED MAPLE 

12 SABAL PALM 100 50 

WAX MYRTLE 

WILLOW 

75 69 75 56 37 312 TOTAL 

Large Class Recruitment for Hammock Plot 2 

NUMBER SPECIES PERCENT 

•76 •77 •79 •81 •83 '85 SUM '76 •77 •79 '81 '83 '85 

CYPRESS 

DAHOON 
HOLLY 

100 

DOGWOOD 18 13 

10 MYRSINE 18 

POND APPLE 13 

RED BAY 

RED MAPLE 

SABAL PALM 20 

12 22 

WAX MYRTLE 

WILLOW 

TOTAL 

17 25 33 



Table 29. Main stem dieback by species, conrnunity, and size class. Main stem dieback includes instances when no livin9 tissue remained 
above the measuring point on the largest stein of an individual, but living tissue was present on another stem below the measuring point 
that met the mininun size requirements for inclusion in the study. There are three categories: 1) Large to Large Size Class (L -• L) were 
trees where >3.8 cm dbh main stems died above breast height but another stem >3.8 cm remained alive. 2) Large to Small Size Class (L -• S) 
were trees where >3.8 cm dbh main steins died above breast height but another stem >1 m tall but <3.8 cm dbh remained alive. 
3) Small to Small Size Class (S -• S) were small individuals >1 m tall but <3.8 cm dbh where main steins died above 30 ca but another stem 
>1 m but <3.8 cm dbh remained alive. Large to Small Size Class and Small to Small Size Class changes were recorded only in the 10 X 10 m 
slots. Large Size Class to Large Size Class was measured throughout the 25 X 25 m plot. 

Main Stem Dieback Information 

PINE FOREST WET PRAIRIE HAHHOCK EDGE CYPRESS 

L - L L - S s - s L - L L - S S - S L - L L - S S - s 1 L - L L - S S - S 

BUTTONBUSH 24 

DAHOON HOLLY 

DOGWOOD 12 

GALLBERRY 31 

LYONIA 6 I 

HYRSINE 1 5 213 1 

POND APPLE | 3 

POP ASH 

RED BAY 2 8 44 1 2 

RED HAPLE 2 

STRANGLER FIG 1 

WAX HYRTLE 188 12 I 5 12 

WILLOW 1 1 1 

TOTAL 0 0 37 0 0 188 5 . 13 281 i 1 7 36 

TOTAL, ALL DIEBACK 37 188 299 1 50 



Table 29, Main stem dieback by species, community, and size class, continued. 

Main Stem Dieback Information 

INTERIOR CYPRESS FRESHWATER HARSH TOTALS 

L - L L - S S - S L - L L - S s - s L - L L - S S -» S TOTAL 

BUTTONBUSH 25 49 49 

DAHOON HOLLY 6 6 6 

DOGUOOO 12 12 

GALLBERRY 31 31 

LYONIA 6 6 

HYRSINE 1 5 213 219 

POND APPLE 2 5 5 

POP ASH 1 1 6 1 1 6 8 

RED BAY 1 12 4 10 56 70 

RED HAPLE 1 i 3 3 

STRANGLER FIG 6 1 6 7 

WAX MYRTLE 5 212 217 

UILLOU 13 1 1 13 15 

TOTAL 3 3 55 0 0 13 15 23 610 648 

TOTAL, ALL DIEBACK 61 13 

to 
to 
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two plots tended to have the same position relative to the 

other species. Growth rates for each species, when 

comparing the 2 plots, did not show matching temporal 

patterns of increase or decrease. However, variation was 

in about the same range for any species. 

Summary 

The Hammock sites were progressing toward a maturing 

hardwood community through the study period. Numbers of 

woody plants were decreasing and diameters were increasing 

in size for each species over time. Early successional 

species were declining in basal area over time while later 

successional hardwood species we're increasing in basal 

area. Tropical hardwoods increased in basal area until a 

severe freeze preceding the 1983 sampling period. Myrsine 

dominated recruitment, which was otherwise very low at the 

Small class level and moderate at the Large class level. 

Mortality was present in most species and in all sampling 

periods and mortality exceeded recruitment. Approximately 

half of the main stem diebacks for all the transect plots 

occurred in the Hammock plots. 
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The Edge Cypress Community 

Community Structure 

There were no major differences in the height 

structure of the Edge Cypress community plots, though the 

subcanopy species tended to be taller and form more 

distinctive strata in Plot 2. 

The canopy of the Edge Cypress community is occupied 

solely by cypress which reached heights of 22.0 m and 

21.3 m in 1975 for Plots 1 and 2 respectively (Figure 10). 

Mean height was lower in Plot 2 due to the presence of a 

larger cypress shrub component in that plot. 

There is a high subcanopy occupied by red maple, 

which is more distinct as a separate stratum in Plot 2 

than in Plot 1, which contains shorter red maples and a 

few dahoon holly. There is also a distinct lower 

subcanopy stratum in Plot 2 containing willow, strangler 

fig, red bay, and dahoon holly. This stratum is shorter 

in Plot 1 and merges into the shrub stratum. 

All of the subcanopy species except willow were 

sparsely represented. There was much overlap in the 

height ranges between plots for each of the subcanopy 

species except red bay and red maple. Plot 2 maximum 

heights tended to be taller than Plot 1, except for dahoon 

holly. In 1975 maximum subcanopy species heights for 

Plot 1 ranged from 3.8-9.3 m, while Plot 2 ranged from 



Figure 10. Edge Cypress conmunity canopy structure. Minimum, mean, and maximum heights in meters are shown for each species. All woody 
individuals >1. m tall were sampled. 
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6.9-8.8 m, with red maple at 13.0 m. 

Wax myrtle, buttonbush, pond apple, and myrsine 

comprise the shrub stratum and seldom exceed this zone. 

All species occupying higher strata except red maple are 

also present in the shrub zone. Wax myrtle, pond apple, 

and myrsine reached about the same maximum heights of 

about 5-6 m in both plots for 1975. Buttonbush was 

shorter, reaching a maximum height of only approximately 

3.5 m in both plots for 1975. 

In 1975 the most common species in the Edge Cypress 

community were cypress and wax myrtle, totalling 258 and 

220 individuals, respectively (Table 30). Plot 2 contained 
t 

over 3 times more cypress and twice as many wax myrtle as 

Plot 1. The two other early successional species besides 

wax myrtle found in the Edge Cypress community, buttonbush 

and willow, were the next most abundant species. The 

other species, all shade tolerant hardwoods, were sparsely 

distributed with less than 17 of any species in a plot in 

1975. 

Cypress comprised virtually all of the basal area per 

hectare for the Edge Cypress community, with 87.3 m2/ha in 

Plot 1 and 101.4 m2/ha in Plot 2 at the beginning of the 

study (Table 31). Basal area for all other species 

combined totalled 6.5 m2/ha in Plot 1 and 10.5 m2/ha for 

Plot 2. Wax myrtle in Plot 2 had the second highest basal 
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Table 30. Edge Cypress conmunity stem density by species. All woody individuals >1 m tall were 
sampled. Density represents number per 25 X 25 m plot (1/16th ha). 

Stem Density (number/25 X 25 m plot) for Edge Cypress Plot 1 

1975 1976 1977 1979 1981 1983 

BUTTONBUSH 47 41 42 34 28 27 

CYPRESS 61 61 61 61 61 61 

DAHOON HOLLY 

HYRSINE 13 13 50 50 

POND APPLE 16 16 20 

RED BAY 13 13 14 14 14 15 

RED MAPLE 

STRANGLER FIG 

WAX MYRTLE 

WILLOW 

TOTAL 

73 

77 

304 

74 

64 

287 

75 

45 

268 

61 

23 

225 

51 

*20 

244 

38 

29 

251 

Changes in size class (see discussion on page 53) are listed below to aid in interpretation 
of the data. Net gain/loss indicates the number that would be added/subtracted to/from the 
previous sampling period due to actual mortality and recruitment. L - S indicates Large to 
Small size class change. S •* L indicates Small to Large size class change. These changes also 
affect diameter, basal area, height, and growth rate data, but are only listed on this table. 

Changes in Size Class for Edge Cypress Plot 1 

SPECIES SAMPLING 
PERIOD 

NUMBER OF 
CHANGES 

DIRECTION 
OF CHANGE ACTUAL NET GAIN OR LOSS 

BUTTONBUSH 1977 1 S •» L NET GAIN OF 6 

BUTTONBUSH 1985 1 S - L NO NET LOSS 

POND APPLE 1977 2 S - L NO NET LOSS 

POND APPLE 1983 3 L - S NET LOSS OF 2 

WAX MYRTLE 1977 1 S L NET GAIN OF 6 

WAX MYRTLE 1979 2 

t </> 

NET LOSS OF 3 

WAX MYRTLE 1981 1 S - L NET LOSS OF 5 

WAX MYRTLE 1983 3 S - L NET GAIN OF 3 

WAX MYRTLE 1985 1 S " L NET GAIN OF 11 

WILLOW 1981 1 L - S NET LOSS OF 9 
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Table 30. Edge Cypress comnunity stem density by species, continued, 

Stetn Density (number/25 X 25 m plot) for Edge Cypress Plot 2 

1975 1976 1977 1979 1981 1983 1985 

BUTTONBUSH 

197 193 197 186 182 176 175 CYPRESS 

DAHOON HOLLY 

POND APPLE 

RED BAY 

RED MAPLE 

STRANGLER FIG 

147 104 100 129 WAX MYRTLE 

WILLOW 

392 365 353 327 425 TOTAL 

Changes in size class (see discussion on page 53) are listed below to aid in interpretation 
of the data. Net gain/loss indicates the number that would be added/subtracted to/from the 
previous sampling period due to actual mortality and recruitment. L •* S indicates Large to 
Small size class change. S L indicates Small to Large size class change. These changes also 
affect diameter, basal area, height, and growth rate data, but are only listed on this table. 

Changes in Size Class for Edge Cypress Plot 2 

SPECIES SAMPLING 
PERIOD 

NUMBER OF 
CHANGES 

DIRECTION 
OF CHANGE ACTUAL NET GAIN OR LOSS 

CYPRESS 1977 1 S -» L NET GAIN OF 1 

RED BAY 1976 1 L S NO NET GAIN 

RED BAY 1979 1 S - L NET GAIN OF 1 

RED BAY 1981 1 L -• S NET GAIN OF 6 

STRANGLER FIG 1979 1 S L NO NET LOSS 

STRANGLER FIG 1983 1 L S NO NET GAIN 

WAX MYRTLE 1977 5 S L NET GAIN OF 1 

WAX MYRTLE 1981 3 S - L NET GAIN OF 26 

WILLOW 1979 1 S - L NO NET LOSS 
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Table 31. Edge Cypress community basal area per hectare by species. Basal areas were 
calculated using basal diameter measurements (measured 30 cm above ground). All woody 
individuals >1 m tall were sampled. 

Basal Area 
2 

(id ) per Hectare for Edge Cypre ss Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BUTTONBUSH 1.10 0.96 0.83 0.83 0.80 0.75 0.55 

CYPRESS 87.28 88.08 89.57 95.04 99.65 101.14 106.32 

DAHOON HOLLY 0.29 0.30 0.32 0.35 0.37 0.45 0.52 

MYRSINE 0.14 0.14 0.22 0.35 0.51 0.58 0.25 

POND APPLE 1.75 1.95 0.79 0.89 1.10 1.71 2.20 

RED BAY 0.08 0.11 0.17 0.23 0.26 0.32 0.38 

RED HAPLE 0.06 0.08 0.16 0.29 0.42 0.50 0.60 

STRANGLER FIG 0.09 0.16 0.21 0.24 0.26 

UAX MYRTLE 1.17 1.48 1.47 1.83 2.23 1.97 2.26 

WILLOW 1.77 1.76 1.59 1.21 1.34 1.15 1.07 

TOTAL 93.73 95.02 95.33 101.26 106.94 108.57 114.15 

o 
Basal Area (m ) per Hectare for Edge Cypress Plot 2 

1975 1976 1977 1979 1981 1983 1985 

BUTTONBUSH 0.91 0.94 0.94 0.96 0.81 0.68 0.48 

CYPRESS 101.44 102.28 104.32 109.73 114.74 115.96 120.99 

DAHOON HOLLY 0.24 0.25 0.26 0.30 0.35 0.39 0.40 

POND APPLE 0.30 0.32 0.45 0.48 0.61 

RED BAY 0.23 0.71 0.74 0.41 0.87 0.83 0.80 

RED MAPLE 2.19 2.33 2.60 3.25 4.06 4.38 4.83 

STRANGLER FIG 0.20 0.29 0.33 0.26 0.27 0.22 0.03 

WAX MYRTLE 4.87 5.03 3.12 3.14 3.13 3.28 3.29 

WILLOW 1.69 1.71 1.74 1.78 1.78 0.95 0.78 

TOTAL 112.07 113.86 114.50 120.31 126.62 126.69 131.60 
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area, 4.9 m2/ha, followed by red maple in Plot 2 with 

2.2 m2/ha. All others were <1,8 m2/ha in 1975. 

Community Dynamics 

Cypress Canopy Component. The cypress component of 

this community steadily increased in basal area and 

diameter throughout the study. There is no mode for 

diameter size class distribution in Plot 1; instead 

cypress are fairly evenly distributed up to about the 

54 cm size class where numbers begin to taper off with 

increase in size class (Table 32). In Plot 2 there are 

larger numbers of individuals in the lower size classes 

with numbers of individuals decreasing as size classes 

increase, up to approximately the 28 cm diameter size 

class. Above about the 28 cm diameter size class, Plot 2 

follows the same pattern as Plot 1 with a relatively even 

distribution of individuals in the «28-54 cm size class 

range, then decreasing numbers as diameter size increases 

for the «54-64 cm size classes. Cypress mortality 

occurred only in Plot 2 and only in the 6-19 cm diameter 

size class range (Table 33). Mortality distribution was 

roughly similar to the distribution of the sampled trees, 

with smaller diameter size classes showing greater 

mortality. 
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Table 32. Stem density by basal diameter size class for cypress in the Edge Cypress conmunity. 
Size classes include all fractions of the nunber designating the size class, i.e. Size Class 5 
includes all diameters from 5.000 to 5.999. Diameters uere measured 30 cm above ground. All 
individuals >1 m tall in each 25 X 25 m plot are included. 

Stem Density by Centimeter Basal Diameter Size Class for Cypress in the Edge Cypress Plots 

PLOT 1 SIZE 
CLASS 
(cm) 

PLOT 2 

TOTAL 75 76 77 79 81 83 85 

SIZE 
CLASS 
(cm) 75 76 77 79 81 83 85 TOTAL 

18 6 6 6 2 6 6 6 6 6 6 6 42 

24 6 6 6 6 3 25 25 25 19 13 6 13 126 

0 4 6 6 6 6 13 19 13 69 

0 5 6 6 6 6 6 6 6 42 

2 1 1 6 3 2 5 2 3 2 1 18 

3 1 1 1 7 18 17 10 10 5 4 6 70 

lliilll 1 1 8 6 8 9 8 7 6 5 49 

8 2 2 2 1 1 9 9 7 6 8 9 8 7 54 

7 1 1 1 1 1 2 10 10 12 9 8 10 8 8 65 

10 1 1 1 2 2 2 1 11 9 9 11 10 7 8 11 65 

5 1 1 1 1 1 12 11 9 9 10 9 9 7 64 

7 1 1 1 1 1 1 1 13 3 5 6 8 9 9 9 49 

12 1 1 1 2 3 2 2 14 6 5 5 2 2 2 3 25 

1 1 15 5 6 5 6 6 8 4 40 

13 3 4 4 1 1 16 8 6 7 6 6 4 5 42 

11 3 3 3 2 17 8 9 8 9 8 7 7 56 

1 1 18 5 5 6 6 7 7 5 41 

5 1 1 1 1 1 19 3 4 3 4 4 3 4 25 

11 2 1 1 2 2 1 2 20 3 3 4 2 1 2 3 18 

8 1 1 1 1 2 2 21 1 1 1 3 3 2 1 12 

•liiili 1 1 22 1 2 3 3 9 

5 1 2 1 1 23 3 4 2 1 1 2 13 

6 1 1 1 1 1 1 24 5 3 2 3 2 1 2 18 

5 2 2 1 25 1 3 6 1 2 2 1 16 

3 1 2 26 3 2 2 1 8 

0 27 1 1 3 2 1 2 10 

6 2 2 2 28 5 1 2 3 2 2 15 

11 3 3 1 1 1 1 1 29 2 5 4 4 1 2 1 19 

9 2 1 3 2 1 30 1 2 1 1 4 4 3 16 



132 

Table 32. Stem density by basal diameter size class for cypress in the Edge Cypress Conmunity, 
continued. 

Stem Density by Centimeter Basal Diameter Size Class for Cypress in the Edge Cypress Plots 

PLOT 1 SIZE 
CLASS 
<cm) 

PLOT 2 

TOTAL 75 76 77 79 81 83 85 

SIZE 
CLASS 
<cm) 75 76 77 79 81 83 85 TOTAL 

19 1 4 2 4 3 3 2 31 1 2 2 1 3 9 

15 3 1 2 1 3 3 2 32 1 2 1 1 5 

8 1 1 1 2 1 2 33 1 1 1 3 2 2 10 

10 2 2 2 1 1 1 1 34 3 3 2 2 3 13 

10 1 1 1 1 3 2 1 35 1 1 2 2 1 4 3 14 

5 1 1 2 1 36 2 1 1 1 1 1 2 9 

10 1 1 1 2 2 3 37 1 1 1 1 1 2 7 

6 1 1 1 1 1 1 38 2 3 2 1 2 3 13 

9 1 1 1 1 2 3 39 1 1 3 3 3 3 2 16 

3 1 1 1 40 2 2 3 7 

5 2 1 1 1 41 2 3 1 6 

11 2 3 4 1 1 42 1 1 1 3 6 

4 1 1 2 43 1 1 1 3 

9 1 1 2 2 1 2 44 2 1 1 1 1 6 

10 1 2 1 2 3 1 45 1 1 1 1 1 2 7 

9 2 2 3 2 46 2 2 1 1 6 

10 2 2 1 2 1 2 47 2 1 3 

10 2 3 2 1 1 1 48 4 4 3 2 1 1 15 

14 2 1 2 1 3 4 1 49 1 3 4 1 1 10 

7 1 3 3 50 1 1 3 2 7 

11 2 4 2 3 51 1 1 

6 2 4 52 1 2 1 1 2 7 

4 1 1 2 53 1 1 1 3 

7 1 2 1 1 2 54 1 1 1 1 1 5 

3 1 1 1 55 1 1 2 4 

3 1 1 1 56 2 2 

1 1 57 1 1 

0 58 1 1 2 

0 59 1 1 1 3 

2 1 1 60 1 1 
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Table 32. Stem density by basal diameter size class for cypress in the Edge Cypress Community, 
continued. 

Stem Density by Centimeter Basal Diameter Size Class for Cypress in the Edge Cypress Plots 

PLOT 1 SIZE 
CLASS 
(cm) 

PLOT 2 

TOTAL 75 76 77 79 81 83 85 

SIZE 
CLASS 
(cm) 75 76 77 79 81 83 85 TOTAL 

1 1 61 1 1 

0 62 1 ' 1 

1 1 63 1 1 

2 1 1 64 1 1 

3 1 1 1 65 

1 1 66 

2 1 1 67 

1 1 68 

1 1 69 

428 6 
1 

6 
1 

6 
1 

6 
1 

6 
1 

6 
1 

6 
2 

TOTAL 
1 
9 
6 

1 
9 
6 

1 
9 
2 

1 
8 
5 

1 
8 
2 

1 
7 
5 

1 
7 
5 

1301 
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Table 33. Mortality by basal diameter size class for cypress in Edge Cypress Plot 2. Size 
classes include all fractions of the number designating the size class, i.e. Size Class 6 
includes all diameters from 6.000 to 6.999. Diameters were measured 30 cm above ground. Only 
Large Class (>3.8 cm dbh) individuals in the 25 X 25 m plot are included in this table. The 
only cypress mortality in the Small Class category were 6 individuals in the 3 cm size class. 

Mortality by Diameter Size Class for Cypress 

SIZE 
CLASS 
(cm) 

EDGE CYPRESS PLOT 2 SIZE 
CLASS 
(cm) 76 77 79 81 83 85 TOTAL 

6 1 1 2 

7 1 2 1 4 

8 1 2 3 

9 0 

10 1 1 

11 0 

12 1 1 

13 0 

14 0 

15 1 1 

16 1 1 

17 D 

18 0 

19 1 1 

TOTAL 1 4 6 3 14 

The diameter size class distribution and associated 

rates of mortality suggest a size threshold above which 

cypress is less vulnerable to mortality in the Edge 

Cypress community. Cypress in the «0-28 cm diameter size 

classes may be more subject to mortality due to 

intraspecific competition in these densely forested sites. 

Trees in this diameter size class range were «1-15 m tall, 

and were in the shrub and subcanopy strata. Then there is 
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a diameter range from «28-54 cm where cypress are evenly 

distributed throughout the range and there was no 

mortality during the 10 year study. These trees were 

«15-20.5 m tall. Since they were in the canopy, they were 

probably receiving adequate amounts of light. The 

«54-69 cm diameter range contains only 8 trees which could 

be either older or faster growing individuals. They were 

also in the canopy stratum, and checks of original entry 

heights showed that they were not emergents. 

Early Succession Species. The three most abundant 

species after cypress were all early successional species: 

wax myrtle, willow, and buttonbush (Table 30). While wax 

myrtle remained a dominant species in the Edge Cypress 

communities throughout the study, buttonbush and willow 

decreased. 

Wax myrtle was the most dynamic species in the Edge 

Cypress community with both high mortality and recruitment 

(Tables 34 and 35). Many wax myrtle in the Small class 

(height >1 m but dbh <3.8 cm) grew enough to enter the 

Large class category (dbh >3.8 cm). This makes 

interpretation of summary data between sampling periods 

difficult since fluctuations are partially or wholly a 

result of this change in size class (see page 65 for a 

discussion of this problem). In both Plot l and 2, the 

presence of 8 individuals changing from Small to Large 
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Table 34. Edge Cypress community mortality by species. Small Class individuals were >1 m tall but 
<3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of individuals per 
25 X 25 m plot. Percent mortality • nunber died / total number alive in the previous sampling 
period. 

Small Class Mortality for Edge Cypress Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUN '76 '77 '79 '81 '83 •85 

6 6 6 18 BUTTONBUSH 14 16 19 

0 CYPRESS 

0 DAHOON 
HOLLY 

6 6 12 MYRSINE 12 12 

6 6 POND APPLE 32 

0 RED BAY 

0 RED MAPLE 

0 STRANGLER 
FIG 

6 6 6 18 WAX MYRTLE 9 9 12 

13 19 19 13 64 WILLOW 21 38 61 100 

19 25 31 25 6 12 118 TOTAL 

Large Class Mortality for Edge Cypress Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SIM '76 '77 '79 '81 '83 •85 

1 1 2 BUTTONBUSH 25 33 

0 CYPRESS 

0 DAHOON 
HOLLY 

0 MYRSINE 

5 5 POND APPLE 83 

0 RED BAY 

0 RED MAPLE 

3 3 STRANGLER 
FIG 

100 

1 1 2 WAX MYRTLE 8 5 

1 4 1 4 2 12 WILLOW 7 29 10 29 20 

0 1 5 1 14 3 24 TOTAL 
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Smell Class Hortality for Edge C /press Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUM '76 '77 •79 '81 '83 '85 

6 13 19 BUTTONBUSH 16 30 

6 6 CYPRESS 14 

0 DAHOON 
HOLLY 

6 6 12 POND APPLE 46 100 

6 6 RED BAY 46 

0 RED HAPLE 

0 STRANGLER 
FIG 

19 6 19 6 13 25 88 WAX MYRTLE 14 5 22 8 16 33 

6 6 WILLOW 100 

19 12 31 18 19 38 137 TOTAL 

Large Class Mortality for Edge Cypress Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 •85 SUH '76 '77 '79 '81 •83 '85 

0 BUTTONBUSH 

1 4 6 3 14 CYPRESS 1 3 4 2 

0 DAHOON 
HOLLY 

4 4 POND APPLE 100 

1 1 2 RED BAY 25 17 

•• 0 RED MAPLE 

1 1 2 STRANGLER 
FIG 

50 100 

1 1 1 1 4 WAX MYRTLE 6 7 5 5 

1 3 1 5 WILLOW 10 33 17 

1 0 2 7 15 6 31 TOTAL 
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Table 35. Edge Cypress community recruitment by species. Small Class individuals were >1 m tall 
but <3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of individuals 
per 25 X 25 m plot. Percent recruitment = number recruited / total number alive in that sampling 
period. 

Small Class Recruitment for Edge Cypress Plot 1 

NUMBER SPECIES PERCENT 

•76 '77 •79 '81 •83 '85 StJN '76 '77 '79 '81 '83 '85 

0 BUTTONBUSH 

0 CYPRESS 

6 6 DAHOON 
HOLLY 

46 

6 38 6 19 69 HYRSINE 46 76 12 30 

0 POND APPLE 

0 RED BAY 

0 RED HAPLE 

0 STRANGLER 
FIG 

13 6 19 WAX HYRTLE 19 32 

13 13 WILLOW 68 

0 19 0 38 19 31 107 TOTAL 

Large Class Recruitment for Edge Cypress Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUN '76 '77 '79 '81 •83 •85 

1 1 2 BUTTONBUSH 25 33 

1 1 CYPRESS 2 

0 DAHOON 
HOLLY 

0 HYRSINE 

2 1 3 POND APPLE 40 17 

1 1 2 RED BAY 100 50 

1 1 2 RED HAPLE 50 33 

1 1 STRANGLER 
FIG 

33 

1 1 5 2 7 7 23 WAX HYRTLE 20 17 45 15 37 28 

1 4 5 WILLOW 7 29 

2 7 6 7 8 9 39 TOTAL 
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Table 35. Edge Cypress community recruitment by species, continued 

Small Class Recruitment for Edge Cypress Plot 2 

PERCENT SPECIES NUHBER 

'76 '77 '79 '81 '83 '83 '85 '77 •81 '76 '79 SUM 

BUTTONBUSH 

CYPRESS 

DAHOON 
HOLLY 

POND APPLE 

RED BAY 

RED MAPLE 

STRANGLER 
FIG 

WAX MYRTLE 

WILLOW 

TOTAL 

Large Class Recruitment for Edge Cypress Plot 2 

PERCENT SPECIES NUMBER 

'83 '77 •79 '81 '85 '76 '83 '85 '77 '79 SUM '76 

BUTTONBUSH 

CYPRESS 

DAHOON 
HOLLY 

POND APPLE 

RED BAY 

RED MAPLE 

STRANGLER 
FIG 

WAX MYRTLE 

WILLOW 

TOTAL 
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class category causes number totals to drop approximately 

50 individuals, even though none died. This loss is not 

recorded in mortality tables, but recruitment tables show 

the appearance of 8 new individuals which are actually the 

8 individuals changing class. Wax myrtle data in this 

discussion take into account the class change distortion 

and therefore will not necessarily match summary data 

figures or tables. 

Over the 10 year study period, numbers increased by 

approximately 13 wax myrtles in.Plot 1 and decreased by 

approximately 23 individuals in Plot 2. Basal area and 

mean diameter increased in Plot 1 but remained at about 

the same level in Plot 2. Wax myrtle had the highest 

number of recruits of any species in the Edge Cypress, 

except myrsine in Plot 1, totalling 81 entries at the 

Small class threshold and 40 entries at the Large class 

threshold (Table 35). Mortality was also high in Plot 2 

(Table 34). There were a total of 106 wax myrtle deaths 

at the Small class level and 6 deaths at the Large class 

level in the Edge Cypress plots. Main stem dieback was 

fairly common with 12 main stem diebacks in the Small 

class category and 5 in the Large class category 

(Table 29, page 121). 

Willow decreased in number and basal area while 

increasing in mean diameter in both plots (Tables 30, 31, 
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and 36). By the end of the study numbers decreased to 

about a third or a quarter of those present in 1975, and 

basal areas decreased by about half in both plots. 

Despite some recruitment in Plot 1 in the 1981 and 1983 

samplings, mortality exceeded recruitment (Tables 35 

Table 36. Edge Cypress community mean basal diameter by species. Diameters were measured 30 cm 
above ground. All woody individuals >1 m tall were sampled. 

Mean Basal Diameter (cm) for Edge Cypress Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BUTTONBUSH 3.9 3.9 3.4 3.9 4.2 4.2 4.2 

CYPRESS 29.5 29.7 29.9 30.9 31.7 31.9 32.3 

DAHOON HOLLY 3.4 3.6 3.8 4.2 4.5 5.4 4.2 

MYRSINE 4.2 4.2 3.2 4.4 2.2 2.2 1.5 

POND APPLE 9.0 9.7 11.1 11.7 11.8 6.2 9.8 

RED BAY 2.2 2.5 3.0 3.5 3.8 4.1 4.4 

RED HAPLE 7.0 8.0 7.5 8.3 9.9 10.8 11.9 

STRANGLER FIG 5.8 6.4 7.4 7.9 8.2 

WAX MYRTLE 3.0 3.4 3.3 4.3 5.4 5.8 5.5 

WILLOW 3.5 4.0 4.5 6.0 6.9 4.3 4.4 

Mean Basal Diameter (cm) for Edge Cypress Plot 2 

1975 1976 1977 1979 1981 1983 1985 

BUTTONBUSH 3.9 4.0 4.5 4.5 3.6 2.8 2.9 

CYPRESS 15.8 15.9 16.2 17.1 17.7 18.1 18.4 

DAHOON HOLLY 7.9 8.1 8.1 8.7 9.3 9.9 10.0 

POND APPLE 3.3 2.3 2.8 4.3 10.9 

RED BAY 6.7 7.8 7.5 7.3 5.2 7.6 7.2 

RED MAPLE 17.9 18.4 16.9 18.9 15.6 16.2 16.9 

STRANGLER FIG 4.2 5.1 5.4 9.3 9.6 3.1 2.0 

WAX MYRTLE 4.4 4.8 4.1 4.3 3.5 3.8 4.1 

WILLOW 6.6 6.6 6.7 7.7 12.0 11.0 11.0 
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and 34). Willows in the Small class at the beginning of 

the study either grew enough to reach the Large class or 

died. Mortality took larger percentages of small and 

large individuals and left mostly the mid-range of willow 

sizes in each site, 6-10 cm diameter size classes in Plot 

1 and the 8-13 cm classes in Plot 2. Willow mortality was 

higher in numbers than any other species in Plot 1. 

Buttonbush also declined through the 10 year period 

in number and basal area (Tables 30 and 31). Recruitment 

was low with only 6 recruits at the Small class threshold 

in Plot 2. Two Small class stems reached the Large class 

threshold in Plot 1 (Table 35), which is responsible for 

10 of the decrease in number for Plot 1 over time (see 

page 65 for Small to Large class change discussion). 

Mortality occurred throughout the study (Table 34), and 

main stem dieback occurred in 24 Small class buttonbush in 

the 1980's (Table 29, page 121). 

Therefore, two of the three early successional 

species, willow and buttonbush,•though present in 

relatively large numbers, tended to decline in number and 

basal area over the 10 year study period. Wax myrtle, 

with the highest numbers except for cypress, tended to 

remain at about the same level or increase slightly, 

though mortality and recruitment were very high for wax 

myrtle in this community. 
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Shade Tolerant Hardwoods. Red maple, dahoon holly, 

and red bay were all present in small numbers (Table 30). 

All three species increased in number over time except 

dahoon holly in Plot 2 which remained at the same level. 

Basal area and mean diameter were higher at the end of the 

study for all, except mean diameter for red maple in 

Plot 2 (Tables 31 and 36). Red maple and dahoon holly 

were the only two species to have no mortality (Table 34). 

Red bay had some mortality (Table 34) and recruitment 

(Table 35), and ended the study with a net gain of 4 Large 

class individuals. Though fewer in number, by 1979 the 

9 red maple in Plot 2 had surpassed the 90 wax myrtle in 

basal area and were second only to cypress. 

Therefore, though sparsely distributed, the later 

successional species increased in number, basal area and 

mean diameter during the 10 year study period. 

Tropical Species. Though considered a tropical 

species, myrsine showed no freeze effects in the Edge 

Cypress community. Myrsine were only present in Plot 1 

where they increased in number through the study 

(Table 30). All were in the Small class category (height 

>1 m but dbh <3.8 cm). 

Both pond apple and strangler fig contain Small to 

Large and Large to Small size class changes which make 

summary data more difficult to interpret between sampling 
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periods. Two pond apples in Plot 1 went from Small to 

Large class in 1977 (there was no net loss due to 

mortality in 1977) and three went from Large to Small 

class in 1983 (2 other Large class pond apples actually 

died). Also 1 pond apple in the Large class plot which 

was declared dead in 1983, once again grew to a dbh 

>3.8 cm, the Large class threshold, in 1985 and was again 

sampled. One strangler fig in Plot 2 went from Small to 

Large class in 1979 (there was no actual decrease in stems 

in 1979) and then back to Small class in 1983 (there was 

no actual increase in individuals in 1983). These 

transitions are taken into consideration in the discussion 

below. 

Though pond apple and strangler fig followed growth 

patterns similar to the other shade tolerant hardwoods 

through 1981, both were severely affected by the freezes 

which preceded the 1983 sampling period. 

Through 1981 pond apple showed a net gain of one 

individual in Plot 1 and a net loss of 4 individuals in 

Plot 2, while increasing in basal area and mean diameter 

(Tables 30, 31, and 36). Pond apples were all > 9 cm 

basal diameter in 1981 prior to the freeze. All the pond 

apples in Plot 1 were affected by the freezes prior to the 

1983 sampling period: 2 died, 3 suffered main stem 
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dieback, and 1 shrunk in size (Table 37). In Plot 2 all 

4 pond apples were killed. 

Strangler fig numbers remained fairly constant until 

1983, while increasing slowly in basal area and mean 

diameter (Tables 30, 31, and 36). In 1983 all 3 Large 

class strangler figs in Plot l died (Table 34). In 

Table 37. The effects of the January 1982 freeze on two tropical species, as recorded in the 

January 1982 Freeze Effects 

SITE 
POND APPLE 

SITE 
NUHBER 
1981 

SHRUNK IN 
DIAMETER 

MAIN STEM 
DIEBACK DIED 

PERCENT 
AFFECTED 

Hammock 1 0 

Hammock 2 8 1 5 75 

Edge Cypress 1 6 1 3 2 100 

Edge Cypress 2 4 4 100 

Interior Cypress 1 5 1 1 40 

Interior Cypress 2 5 2 2 80 

Total 28 3 5 14 79 

January 1982 Freeze Effects 

SITE 
STRANGLER FIG 

SITE 
NUHBER 
1981 

SHRUNK IN 
DIAMETER 

MAIN STEM 
DIEBACK DIED 

PERCENT 
AFFECTED 

Hammock 1 1 1 100 

Hairmock 2 0 

Edge Cypress 1 3 3 100 

Edge Cypress 2 2 1 1 100 

Interior Cypress 1 9 0 

Interior Cypress 2 26 6 13 69 

Total 41 1 7 17 61 
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Plot 2, one strangler fig suffered main stem dieback, 

reverting to the Small class category, and the other Large 

class strangler fig shrunk in size and then was dead in 

1985, possibly due to weakening caused by the 1982 freeze 

from which it could not recover or as a result of the 

January 1985 freeze. 

Site Growth Trend. Growth rates showed a fairly 

consistent pattern in both of the Edge Cypress plots from 

1979-1985 (Table 38). Counting species in each plot 

separately, 11 out of 17 showed the same pattern for 1979-

1985 (Figure 11). The pattern included a decrease in 

growth rates for 1979-81 and 1981-83 and then an increased 

growth rate between 1983-85. Dahoon holly did not match 

the site trend in either plot while cypress, red maple, 

and red bay matched in both plots (Table 39). This 

pattern corresponds to the pattern of water level 

fluctuations for the same periods (Table 40). Increased 

growth rates occurred when wetter conditions prevailed 

during the interval between samples (1977-79 and 1983-85), 

and this period was preceded by a relatively dry interval 

between samples (1975-77 and 1981-83). 

Counting species in each plot separately, 15 out of 

17 species showed low growth rates in 1983 (Figure 11). 

The exceptions were dahoon holly in Plot 1 and buttonbush 

in Plot 2. Water went below ground during the later half 
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Table 38. Edge Cypress community mean growth rates by species. Growth rates represent increase 
in basal diameter (measured at 30 cm above ground) per year (cm/yr) and are a mean growth rate 
from the 2 year period between the sampling period date indicated and the previous sampling 

Mean Growth Rate (cm) for Edge Cypress Plot 1 

1977 1979 1981 1983 1985 

BUTTONBUSH 0.163 : 0.096 0.077 0.010 0.198 

CYPRESS 0.236 0.473 0.397 0.106 0.427 

DAHOON HOLLY 0.200 0.225 0.140 0.438 0.251 

MYRSINE 0.473 0.586 0.328 0.130 0.074 

POND APPLE 0.320 0.333 0.324 -0.235 0.562 

• RED BAY 0.305 0.260 0.146 0.083 0.177 

RED HAPLE 1.397 1.004 0.829 0.444 0.555 

STRANGLER FIG 0.955 0.276 0.145 

WAX MYRTLE 0.386 0.471 0.479 0.278 0.243 

UILLOU 0.069 0.227 0.132 0.085 0.186 

Mean Growth Rate (cm) for Edge Cypress Plot 2 

1977 1979 1981 1983 1985 

BUTTONBUSH 0.072 -0.011 -0.209 0.104 0.045 

CYPRESS 0.119 0.215 0.198 0.042 0.210 

DAHOON HOLLY 0.124 0.271 0.311 0.290 0.053 

POND APPLE 0.081 0.095 0.129 

RED BAY 0.220 0.370 0.289 -0.054 -0.003 

RED MAPLE 0.682 1.021 ' 0.955 0.266 0.357 

STRANGLER FIG 0.620 0.686 0.139 -0.458 0.205 

WAX MYRTLE 0.224 0.366 0.270 0.108 0.153 

WILLOW 0.048 0.189 0.234 0.040 0.120 
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Figure 11. Growth pattern prevalent in the Edge Cypress community. The numerator in each 
fraction indicates the number of species-sampling period combinations with mean growth rates 
that match the slope (positive or negative) of the dominant site growth pattern shown. The 
denominator in each fraction is'.theftotai number of all possible species-sampling period 
combinations for which there were data available. Counting each species in each replicate 
separately, 11 out of 17 matched the 1979-85 pattern. 

t :—i 1 1 —r 
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1977 1979 1981 1983 1985 

14 15 15 12 
19 19 17 17 

Table 39. Species following the dominant growth pattern in the Edge Cypress Conmunity from 1979 
to 1985 (shown as a solid line in Figure 11). There were no myrsine in Plot 2. Strangler fig 
in Plot 1 and pond apple in Plot 2 were not present after 1979, so were not included. 

Species Following the Edge Cypress Community 
Growth Pattern from 1979 to 1985 

PLOT 1 PLOT 2 SPECIES • 

BUTTONBUSH 

CYPRESS 

DAHOON HOLLY • 

HYRSINE NONE 

POND APPLE 

RED BAY 

RED HAPLE 

STRANGLER FIG 

WAX HYRTLE 

WILLOW V; 

TOTAL -

TOTAL POSSIBLE 



Table AO. Hydroperiods for Central Harsh Transect conrnunities. Hydroperiod is the number of months that the comnunity was inundated 
during the calendar year. Data are given in months per year to the nearest quarter month. Communities are arranged from highest to lowest 
elevation. ' 

Hydroperiods (months/year) for Central Harsh Transect Coamunities 

YEAR PINE 
FOREST 

HAMMOCK UET 
PRAIRIE 

EDGE 
CYPRESS 

FRESHWATER 
HARSH 

INTERIOR 
CYPRESS 

SAHPLING 
PERIOO 
AFFECTED 

GROWTH RATE 
AFFECTED 

1974 0.00 3.00 7.00 8.25 8.25 9.25 1975 

1975 0.00 0.50 5.50 6.75 7.50 10.25 1976 
1977 

1976 0.00 0.25 5.50 8.25 9.00 9.75 1977 
1977 

1977 0.00 0.00 8.25 9.50 9.50 10.25 
1979 1979 

1978 0.00 0.00 10.25 11.25 11.50 12.00 
1979 1979 

1979 0.00 2.75 7.50 9.50 10.00 11.50 
1981 1981 

1980 0.00 3.00 12.00 12.00 12.00 12.00 
1981 1981 

1981 0.00 0.50 7.00 8.75 9.25 10.00 
1983 1983 

1982 0.00 4.50 6.50 6.50 6.50 7.50 
1983 1983 

1983 0.00 8.75 12.00 12.00 12.00 12.00 
1985 1985 

1984 0.00 4.00 12.00 12.00 12.00 12.00 
1985 1985 

H 

VO 
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of December 1981 in the Edge Cypress community, more than 

a month earlier than any other year during the study 

period, and the water table dropped more rapidly through 

the winter months than in any other year during the study 

(Table 41). Therefore water stress could be a factor in 

low growth rates recorded in the 1983 sampling period. 

Recruitment and Mortality. Less than half the 

species had any recruitment at the Small class threshold 

(>1 m tall) over the 10 year study period in either plot, 

and they were different species in each plot (Table 35). 

Table 41. Uater level fluctuations in the Edge Cypress cormunity. MONTHS INUNDATED is the time 
that water was above ground during one wet season in this community to the nearest quarter 
month. MONTHS INUNDATED does not include short time periods when water temporarily receded 
below ground. 

Water Level Fluctuation in the Edge Cypress Community 

UHEN UATER ROSE 
ABOVE GROUND SURFACE 

UHEN UATER UENT 
BELOW GROUND SURFACE 

MONTHS 
INUNDATED 

SAMPLING 
PERI00 
AFFECTED 

beginning March, 1974 

end June, 1974 beginning February, 1975 6.75 1975 

mid July, 1975 mid March, 1976 7.75 1976 

mid June, 1976 beginning April, 1977 9.5 1977 

mid June, 1977 beginning June, 1978 11 
1979 

mid July, 1978 beginning June, 1979 10.5 
1979 

mid August, 1979 
19.75 1981 

beginning April, 1981 
19.75 1981 

beginning July, 1981 end December, 1981 5.50 
1983 

mid June, 1982 

32.5 

1983 

32.5 
1985 

beginning March, 1985 

32.5 
1985 
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Small class recruitment in Plot l was dominated by 

myrsine, which was not present at all in Plot 2. Plot 2 

Small class recruitment was mostly wax myrtle. Plot 1 had 

higher recruitment at the Small class threshold with 107 

new recruits compared to 80 in Plot 2. 

All but 2 species at each site had some recruitment 

into the Large class range (dbh >3.8 cm). However, 

numbers were low, <6 individuals per species for the whole 

community, except for wax myrtle. From 1975-85, both 

sites recruited about the same number at the Large class 

level. 

Small class mortality was scattered throughout the 

study and was dominated by willow in Plot 1 and wax myrtle 

in Plot 2 (Table 34). Willow and pond apple showed high 

mortality in the Large class in both plots, as did cypress 

numbers, but not percent, in Plot 2. The 1983 sampling 

period showed high mortality at the Large class level due 

to freeze damage and possible low water stress. 

Summary 

Cypress dominated the canopy and basal area of the 

Edge Cypress community. Early successional species were 

present in much higher numbers than the shade tolerant 

hardwoods, but their numbers remained relatively stable or 

declined through the study. Shade tolerant hardwoods were 
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present in small numbers, but showed increases in basal 

area, diameter, and number through the 10 year period. 

Two tropical species, pond apple and strangler fig, 

followed the same pattern as the other shade tolerant 

species until they were severely affected by a freeze that 

preceded the 1983 sampling. There was a fairly consistent 

growth rate pattern for the Edge Cypress community which 

showed a decrease in growth rate from 1979-83 and then an 

increase in growth rate between 1983-85. 

The Interior Cypress Community 

Community Structure 

The Interior Cypress canopy was by far the tallest of 

any community along the Central Marsh Transect 

(Figure 12). The vertical structure of both plots were 

composed of three strata: canopy, subcanopy, and shrub. 

Since several species appeared only in the last sampling 

periods, the final sampling period data provide a good 

overall description of the canopy structure and are used 

below for comparisons. 

The Interior Cypress community contained the massive 

old-growth bald cypress. The canopy was composed solely 

of these large cypress trees. Plot 2 contained 4 very 

tall cypress ranging from 26.3 to 33.5 m in height in 1985 

(Figure 12). Plot 1 contained twice as many cypress, but 



Figure 12. Interior 
woody individuals >1_ 

Cypress community canopy structure, 
m tall were sampled. Wax myrtle and 

Minimum, mean, and maximun heights in meters are shown for each species, 
baccharis are single individuals and are represented by a single line. 
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Figure 12. Interior Cypress cornnunity canopy structure, continued. Baccharis is a single individual and is represented by a single line. 
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they were shorter, ranging from 19.9 to 29.2 m in height. 

No other species came close to this height, the nearest 

individual being a 15.7 m red maple. 

Below the cypress was a subcanopy of hardwoods 

including red maple, pop ash, red bay, strangler fig, 

dahoon holly, and pond apple. Red maple was generally 

taller than the other subcanopy species ranging from 

7.5 to 15.7 m in 1985. Other species were distributed 

below 15 m with each species1 ranges overlapping between 

plots except for pond apple, which were all Large class 

(dbh >3.8 cm) in Plot 1 and mostly Small class (height 

>1 m but dbh <3.8 cm) in Plot 2. 

The shrub stratum included baccharis, buttonbush, 

itea (Itea virginica), myrsine, and wax myrtle. Myrsine 

grew to a height of 4.1 m in Plot 2 and buttonbush reached 

a maximum height of 3.8 m in Plot 2. All others reached 

heights of <3 m. Less than 3 m tall red bay, dahoon 

holly, and pop ash were also present in the shrub stratum 

in 1985. 

Generally there were more pop ash than any other 

species, with 149 in Plot 1 and 49 in Plot 2 at the 

beginning of the study in the Interior Cypress plots 

(Table 42). Buttonbush was usually the second most 

abundant species, followed by red maple, dahoon holly, 

pond apple, strangler fig, cypress, and red bay. Four 
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Table 42. Interior Cypress community stem density by species. All woody individuals >1 m tall 
were sampled. Density represents number per 25 X 25 m plot (1/16th ha). 

Stem Density (number/25 X 25 m plot) for Interior Cypress Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BACCHARIS 

BUTTONBUSH 

CYPRESS 

I TEA 

HYRSINE 

POND APPLE 

103 149 110 105 100 POP ASH 130 

RED BAY 

RED MAPLE 

STRANGLER FIG 

WAX MYRTLE 

207 176 218 231 281 222 TOTAL 

£ 
Changes in size class (see discussion on page 53) are listed below to aid in interpretation 

of the data. Net gain/loss indicates the number that would be added/subtracted to/from the 
previous sampling period due to actual mortality and recruitment. L - S indicates Large to 
Small size class change. S - L indicates Small to Large size class change. These changes also 
affect diameter, basal area, height, and growth rate data, but are only listed on this table. 

Changes in Size Class for Interior Cypress Plot.1 

SPECIES SAMPLING 
PERIOD 

NUMBER OF 
CHANGES 

DIRECTION 
OF CHANGE ACTUAL NET GAIN OR LOSS 

POP ASH 1983 1 S - L NO NET LOSS 

RED MAPLE 1979 1 S - L NO NET LOSS 
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Stem Density (number/25 X 25 m plot) for Interior Cypress Plot 2 

1975 1976 1977 1979 1981 1983 1985 

BACCHARIS 0 0 0 0 0 6 6 

BUTTONBUSH 31 31 31 31 35 29 44 

CYPRESS 4 4 4 4 4 4 4 

DAHOON HOLLY 26 32 32 *27 *22 22 22 

I TEA 0 0 0 0 6 6 19 

NYRSINE 0 0 0 0 13 19 19 

POND APPLE 14 14 *2 2 5 *14 14 

POP ASH 49 43 37 37 38 37 *41 

RED BAY 2 2 2 2 3 3 3 

RED HAPLE 12 12 12 12 *7 7 7 

STRANGLER FIG 14 14 14 14 26 14 20 

TOTAL 152 152 134 129 159 161 199 

Changes in size class (see discussion on page 53) are listed below to aid in interpretation 
of the data. Net gain/loss indicates the number that would be added/subtracted to/from the 
previous sampling period due to actual mortality and recruitment. L -> S indicates Large to 
Small size class change. S -• L indicates Small to Large size class change. These changes also 
affect diameter, basal area, height, and growth rate data, but are only listed on this table. 

Changes in Size Class for Interior Cypress Plot 2 

SPECIES SAHPLING 
PERI00 

NUHBER OF 
CHANGES 

DIRECTION 
OF CHANGE ACTUAL NET GAIN OR LOSS 

DAHOON HOLLY 1979 1 S - L NO NET LOSS 

DAHOON HOLLY 1981 1 S - L NO NET LOSS 

POND APPLE 1977 1 S •• L NET LOSS OF 6 

POND APPLE 1983 2 L - S NET LOSS OF 3 

POP ASH 1985 1 L S NET LOSS OF 1 

RED HAPLE 1981 1 S -• L NO NET LOSS 
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species did not enter the Interior Cypress plots until 

after 1979: myrsine, baccharis, itea, and wax myrtle. 

Plot 1 had less total basal area than Plot 2, 

152.7 m2/ha and 194.1 m2/ha, respectively at the beginning 

of the study. Basal area was dominated by cypress. This 

species composed 85% of the total basal area in Plot 1 and 

95% of Plot 2. Plot 1 also had a smaller cypress basal 

area, but twice as many trees (Tables 43 and 42). 

In 1975, however, Plot 1 did have more basal area for 

all other species except cypress, either combined or 

individually, with the exception of dahoon holly and 

buttonbush. The non-cypress species in Plot 1 had a total 

basal area of 23.5 m2/ha, while Plot 2, a deeper site, had 

only 9.8 m2/ha. Pop ash was second to cypress with 

11.6 m2/ha in Plot 1 and 7.2 m2/ha in Plot 2 in 1975. 

Only 2 other species, both in Plot 1, had basal areas 

>1.5 m2/ha, red maple at 5.3 m2/ha and pond apple at 

4.1 m2/ha. Species were proportionally very similar 

between the plots, except for buttonbush which had more 

basal area in Plot 2. 

Myrsine, baccharis, itea, and wax myrtle, which did 

not enter the Interior Cypress plots until the 1980's, 

added little in basal area. These four species reached a 

combined total basal area of only 0.18 and 0.19 m2/ha in 
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Table 43. Interior Cypress community basal area per hectare by species. Basal areas were 
calculated using basal diameter measurements (measured 30 cm above ground). All woody 
individuals >1 m tall were sampled. 

o 
Basal Area (nr) per Hectare for Interior Cypress Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BACCHARIS 0.01 

BUTTONBUSH 0.58 0.58 0.60 0.62 0.80 0.53 0.49 

CYPRESS 129.25 128.72 128.68 132.50 133.21 132.79 135.23 

I TEA 
-

0.04 0.06 0.10 

HYRSINE 0.05 0.06 0.06 

POND APPLE 4.11 2.87 2.70 2.77 2.62 2.49 1.69 

POP ASH 11.59 11.83 12.08 11.99 12.64 12.78 13.37 

RED BAY 1.46 1.49 1.52 1.79 1.71 1.72 1.77 

RED MAPLE 5.27 5.57 6.06 7.08 7.98 8.56 9.54 

STRANGLER FIG 0.47 0.54 0.58 0.60 0.62 0.67 0.69 

WAX MYRTLE 0.01 

TOTAL 152.73 151.60 152.22 157.35 159.67 159.66 162.96 

2 
Basal Area (m ) per Hectare for Interior Cypress Plot 2 

1975 1976 1977 1979 1981 1983 1985 

BACCHARIS 0.02 0.02 

BUTTONBUSH 0.71 0.71 0.58 0.77 0.92 0.92 1.34 

CYPRESS 184.23 183.77 185.58 194.53 185.79 181.82 187.60 

DAHOON HOLLY 0.46 0.51 0.60 0.62 0.49 0.52 0.72 

I TEA 0.01 0.02 0.02 

MYRSINE 0.02 0.08 0.14 

POND APPLE 0.28 0.33 0.22 0.24 0.56 1.06 1.07 

POP ASH 7.21 7.25 7.11 7.46 7.67 7.76 11.24 

RED BAY 0.12 0.13 0.14 0.19 0.23 0.26 0.20 

RED MAPLE 0.94 1.01 1.16 1.34 1.29 1.49 1.85 

STRANGLER FIG 0.11 0.19 0.21 0.28 0.38 0.41 0.20 

TOTAL 194.06 193.90 195.60 205.43 197.36 194.36 204.40 
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Plots l and 2 by the end of the study. Only itea in 

Plot 1 and myrsine in Plot 2 exceeded 0.065 ro2/ha in 1985. 

Community Dynamics 

The Interior Cypress community remained relatively 

stable, with little recruitment or mortality until 1981 

(Tables 44 and 45). There was a definite increase in the 

amount of recruitment recorded after 1979 (Table 46). In 

the 1981 sampling, Plot 2 showed recruitment for 9 of the 

11 species present at that site. 

It is difficult to correlate recruitment with 

environmental conditions since individuals must reach a 

height of 1 meter to be counted/ and the amount of time 

necessary to reach this height for each species was not 

measured. However, lagging Small class entries 2-4 years 

would seem reasonable for most species. At the time of 

the 1981 sampling, water levels had been high for 4 years, 

with hydroperiods of 10.25, 12, 11.5, and 12 months for 

1977-80 respectively (Table 40, page 149). Many hardwood 

species in the Interior Cypress community grow on elevated 

areas, such as mounds created by the uprooting of a large 

tree or on fallen trunks or clusters of cypress knees. 

Higher water levels could improve water availability to 

these perched hardwoods and create conditions more 

conducive to seedling germination and establishment. 
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Table 44. Interior Cypress connunity recruitment by species. Small Class individuals were >1 m 
tall but <3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of 
individuals per 25 X 25 m plot. Percent recruitment = nunber recruited / total nunber alive in 
that sampling period. 

Small Class Recruitment for Interior Cypress Plot 1 

SPECIES PERCENT NUMBER 

'76 '77 '79 •81 •83 '85 '83 '85 '76 '77 '79 '81 

100 BACCHARIS 

BUTTONBUSH 

CYPRESS 

I TEA ' 100 57 

100 HYRSINE 

POND APPLE 

POP ASH 

RED BAY 

RED MAPLE 

STRANGLER 
FIG 

100 WAX MYRTLE 

157 69 TOTAL 

Large Class Recruitment for Interior Cypress Plot 1 

PERCENT SPECIES NUMBER 

'83 '85 '77 •79 •76 '83 '85 '81 SUN '76 '77 '79 

BACCHARIS 

BUTTONBUSH 

CYPRESS 

I TEA 

HYRSINE 

POND APPLE 

POP ASH 

RED BAY 

RED MAPLE 

STRANGLER 
FIG 

WAX MYRTLE 

TOTAL 
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Table 44. Interior Cypress comnunity recruitment by species, continued, 

Small Class Recruitment for Interior Cypress Plot 2 

PERCENT SPECIES NUMBER 

'79 '83 '77 '81 '85 '83 '85 '76 '76 '77 '79 '81 SUN 

100 BACCHARIS 

BUTTONBUSH 

CYPRESS 

DAHOON 
HOLLY 

100 100 I TEA 

100 MYRSINE 

POND APPLE 

POP ASH 

RED BAY 

RED HAPLE 

STRANGLER 
FIG 

TOTAL 

Large Class Recruitment for Interior Cypress Plot 2 

PERCENT SPECIES NUMBER 

•79 '83 '85 '81 '76 '83 '76 '79 '81 SUN '77 

BACCHARIS 

100 BUTTONBUSH 

CYPRESS 

DAHOON 
HOLLY 

I TEA 

HYRSINE 

POND APPLE 

POP ASH 

RED BAY 

RED HAPLE 

STRANGLER 
FIG 

TOTAL 
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Table 45. Interior Cypress community mortality by species. Small Class individuals were >1 m tall 
but <3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of individuals 
per 25 X 25 m plot. Percent mortality • number died / total number alive in the previous sampling 
jerfod. 

Small Class HortaUty for Interior Cypress Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUH '76 '77 '79 '81 '83 '85 

0 BACCHARIS 

6 13 19 BUTTONBUSH 24 42 

0 CYPRESS 

0 I TEA 

0 MYRSINE 

0 POND APPLE 

6 13 25 19 63 POP ASH 5 12 27 28 

0 RED BAY 

0 RED MAPLE 

0 STRANGLER 
FIG 

0 WAX MYRTLE 

6 13 25 6 13 19 82 TOTAL 

Large Class Mortality for Interior Cypress Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 •85 SUM '76 '77 '79 '81 '83 •85 

0 BACCHARIS 

0 BUTTONBUSH 

0 CYPRESS 

0 I TEA 

0 MYRSINE 

1 1 2 1 1 6 POND APPLE 11 13 29 20 25 

2 1 1 4 POP ASH 6 3 3 

0 RED BAY 

1 1 RED MAPLE 6 

0 STRANGLER 
FIG 

0 WAX MYRTLE 

1 1 2 4 1 2 11 TOTAL 
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Table 45. Interior Cypress community mortality by species, continued, 

Small Class Mortality for Interior Cypress Plot 2 

PERCENT SPECIES NUMBER 

'83 '85 '76 '77 '79 '81 '77 '79 '81 '83 '85 '76 SUN 

BACCHARIS 

BUTTONBUSH 

CYPRESS 

DAHOON 
HOLLY 

100 I TEA 

HYRSINE 

POND APPLE 

POP ASH 

RED BAY 

RED HAPLE 

STRANGLER 
FIG 

TOTAL 

Large Class Mortality for Interior Cypress Plot 2 

PERCENT SPECIES NUMBER 

'85 '83 '76 '81 •83 '79 '81 '77 SUN '76 

BACCHARIS 

BUTTONBUSH 

CYPRESS 

DAHOON 
HOLLY 

I TEA 

HYRSINE 

100 POND APPLE 

POP ASH 

RED BAY 

RED HAPLE 

STRANGLER 
FIG 

TOTAL 
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Table 46. Comparison of recruitment in the Interior Cypress plots. Small class entry threshold 
is >1 m tall. Large class entry threshold is dbh >3.8 cm. 

Comparison of Recruitment in the Interior Cypress Plots 

NUMBER PERCENT 

PLOT CLASS 1975-79 1981-85 1975-79 1981-85 

1 Small 6 151 4 96 

2 Small 6 89 6 94 

1 Large 2 5 29 71 

2 Large 2 13 13 87 

Also, higher water levels would not adversely affect 

species well adapted to prolonged inundation, such as 

buttonbush, cypress, pond apple, and pop ash. 

The most striking change which occurred in the 

Interior Cypress community during the study was the influx 

of 4 species (baccharis, itea, myrsine, and wax myrtle) 

not present in either site before 1981 (Table 42). All 

were part of the shrub stratum and entered at the Small 

class level (height >1 m) (Table 44). Of the 

138 recruited, only 6 died by the end of the study 

(Table 45). In the Interior Cypress community, these 

species appear to be ephemeral components, entering the 

community when conditions are favorable and dying out when 

conditions become less favorable. 

Buttonbush, the only other member of the shrub 

stratum, showed the only substantial increase in numbers 

among those species present throughout the study 
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(Table 42). At the Small class level, 57 individuals 

entered the plots and 25 died (Tables 44 and 45). Six 

Large class buttonbush entered the plots and none died 

during the study. However, in Plot 1 basal area and mean 

diameter of buttonbush decreased, the only decrease in 

basal area and one of the few decreases in mean diameter 

(Tables 43 and 47). So the 1980's provided favorable 

conditions for recruitment of all the shrub stratum 

species. 

At the other end of the spectrum, cypress showed 

virtually no change over the ten year period. Numbers 

remained the same (Table 42), basal area and diameters 

increased slightly (Tables 43 and 47), and there was no 

mortality or recruitment (Tables 44 and 45). 

Red maple, red bay, and dahoon holly showed little 

net change over time, though there were low levels of 

mortality and recruitment (Tables 44 and 45). Red bay had 

2 recruits and no mortality. One red maple grew large 

enough to change from Small to Large size class and one 

died. Two dahoon hollys changed from the Small to Large 

size class, none died. For the decade of study, these 

species appeared quite stable over time. All increased in 

basal area and mean diameter, except red bay diameter in 

Plot 1 which remained about the same (Tables 43 and 47). 
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Table 47. Interior Cypress community mean basal diameter by species. Diameters were measured 
30 cm above ground. All woody individuals >1 m tall were sampled. 

Mean Basal Diameter (cm) for Interior Cypress Plot 1 

1975 1976 1977 1979 1981 1983 1985 

BACCHARIS 1.2 

BUTTOHBUSH 4.7 4.7 4.1 4.2 4.0 3.0 2.9 

CYPRESS 106.7 106.6 106.7 108.4 108.9 108.7 109.7 

I TEA 1.5 1.5 1.2 

HYRSINE 1.3 1.6 1.6 

POND APPLE 16.7 15.0 15.5 15.7 18.6 20.7 19.5 

POP ASH 5.3 5.5 6.0 7.0 6.9 7.2 7.5 

RED BAY 6.8 6.1 6.5 6.9 7.0 7.1 6.7 

RED MAPLE 11.6 12.0 12.6 16.8 18.4 19.2 20.4 

STRANGLER FIG 4.3 4.7 4.8 5.0 5.2 5.5 3.6 

WAX MYRTLE 0.9 

Mean Basal Diameter (cm) for Interior Cypress Plot 2 

1975 1976 19 77 1979 1981 1983 1985 

BACCHARIS 1.5 1.6 

BUTTONBUSH 3.8 3.8 3.3 3.7 3.9 4.6 4.4 

CYPRESS 180.6 180.4 181.0 185.2 181.4 180.1 182.5 

DAHOON HOLLY 3.5 3.4 3.7 4.1 4.1 4.0 4.9 

I TEA 0.8 1.6 1.0 

MYRSINE 1.1 1.7 2.3 

POND APPLE 3.3 3.5 9.3 9.7 9.5 7.8 7.8 

POP ASH 8.4 9.2 10.5 10.8 10.8 11.0 12.8 

RED BAY 6.9 7.1 7.4 8.6 7.8 8.3 7.2 

RED MAPLE 6.4 6.8 7.4 8.3 11.5 12.5 14.0 

STRANGLER FIG 2.1 3.0 3.2 3.8 2.8 4.1 2.0 
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The freeze, which affected pond apple and strangler 

fig throughout the transect, affected these species only 

in Plot 2, which had a more open canopy than did Plot 1. 

There was no strangler fig mortality in this community 

until the 1983 sampling period which followed the freeze, 

when 13 Small class strangler fig died in Plot 2, and 

6 additional Small class strangler figs died by 1985 

(Tables 45 and 37, page 145). Of the 5 Large class pond 

apple present in 1981, two had died by 1983, and two 

suffered main stem dieback (Table 37). The remaining 

individual died before the 1985 sampling period. Pond 

apple numbers and basal areas did decrease in Plot 1 

(Tables 42 and 43), but mortality was spread fairly evenly 

over the entire study period. 

The one other species that decreased in number over 

the study was pop ash, a species found only in deeper 

areas of the swamp and only in the Interior Cypress 

community on this transect (Table 42). Pop ash was the 

most abundant species in both plots except for Plot 2 in 

the last sampling period. Large class mortality was 

offset by recruitment, with 7 deaths and 6 new recruits 

(Tables 44 and 45). However Small class mortality, which 

occurred mainly before 1981, far outnumbered recruitment 

with 75 deaths and only 19 new recruits. Though numbers 

dropped from 150 to 101 in Plot 1 and 49 to 40 in Plot 2 
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through the study, basal area and mean diameters increased 

substantially and pop ash remained second only to cypress 

in basal area throughout the study (Tables 43 and 47). 

Growth rate patterns in Plot 1 were varied 

(Table 48). Cypress and red maple were the only species 

which followed the pattern prevalent in the Edge Cypress 

community for the whole 10 year study period (Figure 11, 

page 148). Though patterns do not match before 1981, most 

Plot 1 species follow the Edge Cypress pattern from 1981-

1985. Of the species for which growth rates are available 

throughout the 1981-1985 period, only strangler fig 

contradicted the pattern. Red bay somewhat fit the 

pattern, but with its lowest growth rate the same for 1981 

and 1983. Red maple, cypress, pop ash, pond apple, and 

buttonbush definitely showed the pattern of decreased 

growth rates in 1983 and increased growth rates in 1985. 

Plot 2 species, however, showed a unique growth rate 

pattern, which was present for 7 out of 8 species between 

1977 and 1979 and all 8 species between 1979-81 and 

1981-83 (Figure 13). Strangler fig was the exception 

between 1977 and 1979. The low growth rate for 1983, the 

most common trend recorded throughout the transect, was 

replaced by a strong rise in growth rate for all species 

present. The Interior Cypress Plot 2 site is by far the 

deepest site on the transect. This could be responsible 
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Table 48. Interior Cypress community mean growth rates by species. Growth rates represent 
increase in basal diameter (measured at 30 cm above ground) per year (cm/yr) and are a mean 
growth rate from the 2 year period between the sampling period date indicated and the previous 

Hear Growth Rate (cm) for Interior Cypress Plot 1 

1977 1979 1981 1983 1985 

BACCHARIS 

BUTTONBUSH -0.089 0.017 0.155 -0.390 -0.017 

CYPRESS 0.017 0.832 0.256 •0.100 0.529 

I TEA 0.165 •0.086 

MYRSINE 0.120 0.018 

POND APPLE 0.119 0.067 0.133 0.111 0.335 

POP ASH 0.129 0.166 0.235 0.109 0.207 

RED BAY 0.473 0.243 0.038 0.038 0.186 

RED HAPLE 0.537 0.771 0.747 0.392 0.618 

STRANGLE!? FIG 0.229 0.112 0.101 0.122 0.018 

WAX MYRTLE 

Mean Growth Rate (cm) for Interior Cypress Plot 2 

1977 1979 1981 1983 1985 

BACCHARIS 0.050 

BUTTONBUSH -0.091 0.173 <-0.000 0.115 0.216 

CYPRESS 0.220 2.065 -1.880 -0.675 1.223 

DAHOON HOLLY 0.191 0.297 0.142 0.320 0.429 

I TEA -0.206 

MYRSINE 0.525 0.300 

POND APPLE 0.200 0.205 0.026 0.619 

POP ASH 0.050 0.137 0.061 0.063 0.226 

RED BAY 0.228 0.589 -0.015 0.234 0.112 

RED MAPLE 0.516 0.593 0.177 0.480 0.767 

STRANGLER FIG 0.549 0.310 0.216 0.436 0.284 
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Figure 13. Growth pattern characteristic of Interior Cypress Plot 2. The numerator in each 
fraction indicates the nunber of species-sampling period combinations with mean growth rates 
that match the slope (positive or negative) of the dominant site growth pattern shown. The 
denominator in each fraction is the total number of all possible species-sampling period 
combinations for which there were data available. 

1977 1979 1981 1983 1985 

Z 8 8 5 
8 8 8 9  

for negating the effects of the two dry years with the 

early extended drydown the year before the 1983 sampling. 

Summary 

A few massive cypress comprised a tall canopy stratum 

and contained most of the basal area for the community. 

Subcanopy hardwoods were present in small numbers, except 

for pop ash. Basal area increased slowly for all species 

except buttonbush and pond apple in Plot 1. Freeze damage 

was seen only in the more open Plot 2. Growth rate 

patterns after 1979 in Plot 1 were similar to those in the 

Edge Cypress community, but Plot 2 had a strong growth 

pattern which was unique to that plot, and was the only 
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plot to show increased growth rates in 1983. Recruitment 

was low through 1979, but then increased, recruiting 4 new 

species. 

The Freshwater Marsh Community 

The Freshwater Marsh community is primarily a fire 

maintained herbaceous community. Willow was the only 

woody species found in the Freshwater Marsh community 

plots. All individuals were in the Small class size 

range, never reaching a dbh of 3.8 cm. The largest willow 

had a basal diameter of 5.8 cm in 1985. 

The willow population in the Freshwater Marsh 

community was extremely variable, with active recruitment 

(Table 49), resprouting (discussed below), mortality 

(Table 50), and main stem dieback (Table 29, page 121) 

which were often, but not always, related to fire. 

Individuals remained small in size (Table 51 and 

Figure 14) due to the frequency of fires. 

National Audubon Society conducted no burns in the 

Freshwater Marsh community area until 1975, and the only 

data available on lightning ignited burns in the 

Freshwater Marsh community are a record of fire in March 

1972 (Table 52). Though not known for certain, it is 

likely that this fire reached the plot area since 

sawgrass, an extremely flammable species which carries 
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Table 49. Freshwater Harsh community recruitment by species. Small Class individuals were >1 m 
tall but <3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of 
individuals per 25 X 25 m plot. Percent recruitment • nunber recruited / total number alive in 

Small Class Recruitment for Freshwater Harsh Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 •83 '85 SUM '76 '77 •79 •81 '83 '85 

13 19 31 31 94 WILLOW 100 100 62 45 

13 0 19 31 0 31 94 TOTAL 

Large Class Recruitment for Freshwater Harsh Plot 1 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUN '76 '77 '79 '81 '83 '85 

0 0 0 0 0 0 0 TOTAL 

Small Class Recruitment for Freshwater Harsh Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 •83 •85 SUN '76 '77 •79 '81 '83 '85 

6 6 6 18 WILLOW 100 100 46 

0 0 0 6 6 6 18 TOTAL 

Large Class Recruitment for Freshwater Marsh Plot 2 

NUMBER SPECIES PERCENT 

'76 >77 '79 '81 •83 •85 SUN '76 '77 •79 '81 '83 '85 

0 0 0 0 0 0 0 TOTAL 



174 

Table 50. Freshwater Marsh community mortality by species. Small Class individuals were >1 m tall 
but <3.8 cm dbh. Large Class individuals were >3.8 cm dbh. Data represent number of individuals 
per 25 X 25 m plot. Percent mortality = number died / total number alive in the previous sampling 
period. 

I Small Class Mortality for Freshwater Marsh Plot 1 

I NUMBER SPECIES PERCENT 

I '76 '77 '79 '81 '83 '85 SIM '76 '77 '79 '81 '83 '85 

I 81 13 38 132 UILLOU 100 100 76 

1 81 13 0 0 38 0 132 TOTAL 

I L irge Class Mor •tality for Freshwater Marsh Plot 1 

1 NUMBER SPECIES PERCENT 

| '76 '77 '79 '81 '83 '85 SUN '76 '77 '79 '81 '83 '85 

1 

1 0 0 0 0 0 0 0 TOTAL 

Small Class Mortality for Freshwater Marsh Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 '83 '85 SUN '76 '77 '79 '81 '83 | '85 

6 6 12 UILLOU 100 |oo 

0 0 0 0 6 6 12 TOTAL 

Large Class Mortality for Freshwater Marsh Plot 2 

NUMBER SPECIES PERCENT 

'76 '77 '79 '81 •83 '85 SUN '76 '77 '79 '81 '83 '85 

0 0 0 0 0 0 0 TOTAL 
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Table 51. Freshwater Harsh coimiunity mean basal diameter by species. Diameters were measured 
30 cm above ground. All woody individuals >1 m tall were sampled. 

Hean Basal Diameter (cm) for Freshwater Marsh Plot 1 

1975 1976 1977 1979 1981 1983 1985 

WILLOW 2.2 1.0 | 1.6 2.2 3.0 2.1 

Hean Basal Diameter (cm) for Freshwater Ha rsh Plot 2 

1975 1976 19 77 1979 1981 1983 1985 

WILLOW 2.0 1.6 1.4 

Figure 14. Freshwater Harsh community canopy structure. Hinimum, mean, and maximum heights in 
meters are shown for each species. All woody individuals >1 m tall were sampled. 

Plot 1 

23.6 —I—i—r 

Plot 2 

E 13.5 

WILLOW WILLOW 
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Table 52. Fire occurrence in the Freshwater Marsh plots. The following fires were recorded in 
Corkscrew Swamp Sanctuary records for the "Central Marsh", which contains the Freshwater Harsh 
plots, for 1972-1985. 

Fire Occurrence in the Central Marsh 

MARCH 
1972 

MARCH 
1975 

MAY 
1977 

JAN. 
1982 

PLOTS DEFINITELY WERE BURNED X X 

PLOTS DEFINITELY WERE NOT BURNED 

UNKNOWN IF PLOTS WERE BURNED X X 

FIRST SAMPLING PERI00 AFTER THE FIRE 1975 1976 1979 1983 

MONTHS BETWEEN FIRE AND FIRST SAMPLING PERIOD 33 8 20 13 

GROWING SEASONS BETWEEN FIRE AND FIRST SAMPLING PERIOO 3 1 2 1 

fires well, is a major component of the herbaceous 

community in and around the plots and throughout the 

marsh. The first prescribed burn in March of 1975 and the 

prescribed burn of January 1982 definitely burned the 

plots, despite attempts to keep the plots from burning on 

both occasions. These fires were described in the 

sanctuary records as achieving complete fuel consumption 

for the marsh as a whole. There was also a prescribed 

burn in May 1977 which was described in sanctuary records 

as "little (5%) left, willows expected to resprout, not 

totally successful" for the marsh as a whole, but it is 

not known for certain if the plots were affected. 

The fire in March 1975 occurred 8 months and 

1 growing season before the 1976 sampling. The possible 

fire of May 1977 was 20 months and about 2 growing seasons 
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before the 1979 sampling, so it would be the most 

difficult to detect in the data. Also, there were no 

willow alive in either plot in 1977, so the fire could not 

show up in mortality during the next sampling period. The 

January 1982 burn happened 13 months and 1 growing season 

before the 1983 sampling period. 

The willow population in Plot 1 generally increased 

in basal area and number between fires (Figure 15, 

Tables 53 and 54). Maximum basal area for Plot 1 was 

recorded in the first sampling period at 0.57 m2/ha, 

peaked again at 0.36 m2/ha before the 1982 fire, and ended 

at 0.51 m2/ha in 1985, 3 years after the 1982 fire 

(Table 53). 

All 81 willow died in the 1975 fire in Plot 1 and 

never resprouted (Table 50). In the 1982 fire, 38 willows 

were killed and the remaining 13 suffered main stem 

dieback, as recorded in the 1983 sampling. In the 1985 

sampling period, stump sprouts from 25 of the individuals 

which were burned in the 1982 fire had reached the l m 

height threshold and were resampled (Table 49). So three 

years after the fire, 38 of the 50 individuals present 

before the 1982 fire were once again taller than 1 m. In 

addition to the 38 previously present individuals, 31 new 

willow entered the plot in 1985 (Table 49). Basal area in 

1985 was almost as high as at the beginning of the study, 
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Figure 15. Stem density and basal area of willows present in Freshwater Marsh Plot 1. 

STEM DENSITY 

(number/ha) 

1600 

1200 

1971 1973 1976 1977 1979 1981 1963 1986 

?* # ?* * 

BASAL AREA 0.4s 

(m7ha) 

0.00 
1971 1973 1976 1977 1979 1981 1983 1985 

?« Fires which possibly burned the plot 
# Fires which definitely burned the plot 

Table 53. Freshwater Harsh community basal area per hectare by species. Basal areas were 
calculated using basal diameter measurements (measured 30 cm above ground). All woody 
individuals >1 m tall were sampled. 

2 
Basal Area (m } per Hectare for Freshwater Harsh Plot 1 

1975 1976 1977 1979 1981 1983 1985 

WILLOW 0.57 0.02 0.06 0.36 0.20 0.51 

TOTAL 0.57 0.02 0 0.06 0.36 0.20 0.51 

Basal Area (m*) per Hectare for Freshwater Harsh Plot 2 

1975 1976 1977 . 1979 1981 1983 1985 

WILLOW 0.03 0.02 0.03 

TOTAL 0 0 0 0 0.03 0.02 0.03 
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Table 54. Freshwater Harsh community stem density by species. All woody individuals >1 m tall 
were sampled. Density represents nunber per 25 X 25 in plot (1/16th ha). 

Stem Density (number/25 )( 25 m plot) for Freshwater Marsh Plot 1 

1975 1976 1977 1979 1981 1983 1985 

WILLOW 81 13 0 19 50 13 69 

TOTAL 81 13 0 19 50 13 69 

Stem Density (number/25 X 25 m plot) for Freshwater Harsh Plot 2 

1975 1976 1977 1979 1981 1983 1985 

WILLOW 0 0 0 0 6 6 13 

TOTAL 0 0 0 0 6 6 13 

which would also be three years after the possible 1972 

burn. 

In 1977, the 13 willow which had come in after the 

1975 fire in Plot 1 all died. This was the only mortality 

in Plot 1 which occurred in a sampling period which did 

not follow a fire. 

The first 6 willows entered Plot 2 in 1981 

(Table 49). They were dead in 1983, probably as a result 

of the fire of 1982 (Table 50), but 6 new willows entered 

the plot. In 1985 the six 1983 willows were dead. 

However, the 1981 willows which were "dead" in 1983, 

according to our sampling techniques, had resprouted and 

reached a height >1 m, and were once again sampled in 

1985. Also, an additional 6 completely new willows were 

recruited in 1985. 
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Summary 

The sanctuary staff have attempted to reduce the 

amount of willow in the Freshwater Marsh by the use of 

fire since 1975. The results of this study indicate that 

burns in 1972, 1975, and 1977 and then 5 years later in 

1982 were not effective in eliminating willow. The number 

of individuals present 3 years after 1972, 1977, and 1982 

were 82, 50, and 69 respectively (Table 54). Resprouting 

has been documented, even after the 1982 burn with 

complete fuel consumption. 
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As the human population of southwest Florida rapidly 

increases, and as natural fire and hydrologic regimes are 

altered, it will be increasingly necessary to actively 

manage these regimes if we are to maintain ecosystems 

similar to those that now exist at Corkscrew Swamp. The 

ability to distinguish between natural changes and those 

caused by anthropogenic perturbations is an important 

factor in making management decisions. This study has 

attempted to go beyond the static representation of 

communities and examine the rates and directions of change 

which can be considered "natural". 

Natural area management in south Florida focuses on 

three major areas: exotic plant control, fire management, 

and water management. It is heartening and also 

remarkable that not one woody exotic was recorded in this 

study. But many of the changes in the plant communities 

are directly related to fire and hydrology. 

Fire 

Three of the six communities burned shortly before or 

during the study. Most were prescribed burns set by 

sanctuary staff. 

The Freshwater Marsh community had the highest fire 
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frequency of roughly 3-6 years. The two known and two 

possible fires which affected the study sites did not 

substantially reduce the willow population in this 

community. Willow numbers and basal area in 1985 had 

recovered to virtually their original levels despite the 

frequent burns (Figure 15, page 178). 

The amount of woody vegetation in the Wet Prairie 

community depends to a large degree on management 

practices. Both fire and water levels influenced wax 

myrtle populations in the Wet Prairie community. Wax 

myrtle in the higher elevation site, Plot 1, were more 

numerous, larger, and had a greater basal area than in the 

lower plot. This would indicate that a reduction of water 

levels would probably make this community even more 

susceptible to wax myrtle invasion. Fire was suppressed 

in the Wet Prairie community for roughly 30 years before 

the January 1982 control burn inadvertently eliminated all 

wax myrtle from Plot 2, the wetter of the two plots. The 

fact that wax myrtle did not resprout after this fire 

indicates that fire, at least when fuel loads are high due 

to a long history of fire suppression, could be an 

effective tool in minimizing this woody species in the Wet 

Prairie community. 

The Pine Forest community plots represent secondary 

succession after fire (1975) as well as the effects of 
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fire exclusion for a 12 year period (1985). Basal area 

was dominated by mature slash pines throughout the study, 

with increasing numbers of hardwood shrubs and small trees 

entering the plot. The two plots followed basically the 

same patterns of change, with differences mainly in timing 

or degree, rather than in kind. Twelve years has not been 

sufficient time to see a slowing of successional change, 

or even much mortality. 

There was virtually no slash pine regeneration. In 

this instance, a single fire after two decades of fire 

suppression was not sufficient to create conditions 

conducive to slash pine seedling establishment and 

survival, either initially after the fire or during the 

12 years following the fire. Unless burned under careful 

prescription, fuel loads, which are already very high, 

could easily burn hot enough to eliminate existing slash 

pines in the study plots. More frequent burns have 

occurred in the pinelands surrounding the study plots and 

are maintaining the more open character of these 

pinelands. 

Due to differences in sampling methods, especially 

for shrub size individuals, it is difficult to compare the 

Corkscrew data directly with other studies, but Tables 55 

and 56 show the results of some studies which are roughly 

comparable. The Corkscrew Pine Forest plots have never 
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Table 55. Cocnparison of stem density results in this study's Pine Forest community plots with other pine forest studies. Note differences 
in sampling method which preclude direct comparisons in some cases. 

Stem Density (number/ha) Comparisons with Other Pine Forest Studies 

SITE DESCRIPTION 
TOTAL ALL 
SPECIES 

SLASH 
PINE 

GALL-
BERRY LY0NIA 

UAX 
MYRTLE 

Pine Forest Community 
Corkscrew Swamp Sanctuary, south Florida Plot 1 1975 
this study Plot 2 1975 
all individuals >1 m tall Plot 1 1985 
(slash pine = all individuals >3.8 cm dbh) Plot 2 1985 

464 
896 

31.456 
13,312 

464 
896 
464 

1,008 

0 
0 

21,200 
5,296 

0 
0 

5,904 
4,496 

0 
0 

3,632 
2.448 

Pine-Sabal-Serenoa coamunitv 
Raccoon Point Area, Big Cypress National Preserve, south Florida Plot 1 
Gunderson and Loope (1982c) Plot 2 
all steins >5 cm dbh 

150 
100 

Pine-Sabal-Serenoa and Pine-Serenoa comnunities 
Turner River Area, Big Cypress National Preserve, south Florida 
Gunderson et al. (1982) Pine-Sabal-Serenoa Plot 
all stems >5 cm dbh Pine-Serenoa Plot 

117 
83 

Natural Slash Pine 
throughout Florida Mean 
Bechtold and Ruark (1988) Range 
all stems >1 inch dbh 

885 
0-8,841 

556 
0-6079 

Miami Rock Ridge Pineland Site 1 Dry Burn Plot 
Everglades National Park, south Florida Wet Burn Plot 
Snyder (1986) Site 2 Wet Burn Plot 
all trees at breast height Dry Burn Plot 

458 
604 
1133 
1179 

Pineland Block H: unburned 
Everglades National Park, south Florida Block H: burned 
Hofstetter (1973) Block J: preburn 
stems >3 ft tall Block J: postburn (13 mo) 

HARDU000S 
mil Y -

14,600-29,000 
12,000-19,000 

15,800 
8,400 1161 

66-494 
0-33 
289 
689 

H 
00 
4^ 



Table 55. Comparison of stem density results in this study's Pine Forest cotimunity plots with other pine forest studies, continued. 

Stem Density Comparisons with Other Pine Forest Studies (nuntoer/ha) 

SITE DESCRIPTION 
TOTAL ALL 
SPECIES 

SLASH 
PINE 

GALL-
BERRY LYONIA 

WAX 
MYRTLE 

Pineland 
Everglades National Park, south Florida Blocks A-J: 1958 sampling 
Taylor and Herndon (1981) Blocks A-J: 1964 sampling 
stems >3 ft tall Blocks A-J: 1979 sampling 

416 
464 
563 

Loblolly Pine Forests 
Southeastern Coastal Plain, SE US 80 years undisturbed 
Ualdrop et aU. (1987) Periodic winter burns 
all stems present (approximated from bar graph) Periodic sunnier burns 

30,000 
35,000 
30,000 

20,000 
45,000 
45,000 

5,000 
15,000 
20,000 
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Table 56. Comparison of slash pine, Pinus elliottii var. densa. basal area in this study's Pine 
Forest coninunity with other studies. All basal areas in this table are calculated using 
diameters measured at breast height. 

p 
Basal Area (m /ha) Comparisons of Slash Pine with Other Studies 

STUDY DESCRIPTION 
SLASH 
PINE 
BASAL 
AREA 

Pine Forest Community 
Corkscrew Swamp Sanctuary 1975 
This study , 1985 
includes all individuals >3.8 cm dbh 

3.9 
10.8 

Pine-Sabal-Serenoa community 
Raccoon Point Area, Big Cypress National Preserve, south Florida Plot 1 
Gunderson and Loope (1982c) Plot 2 
all stems >5 cm dish 

12.3 
5.3 

Pine-Sabal-Serenoa and Pine-Serenoa communities 
Turner River Area. Bin Cvoress National Preserve, south Florida Pine-Serenoa Plot 
Gunderson et al. (1982) Pine-Sabal-Serenoa Plot 
all stems >5 cm dbh 

5.6 
7.6 

Miami Rock Ridge Pineland Site 1 Dry Burn Plot 
Everglades National Park, south Florida Wet Bum Plot 
Snyder (1986) Site 2 Wet Burn Plot 
all trees Dry Burn Plot 

16.0 
17.8 
16.3 
18.1 

Natural Slash Pine 
throughout Florida Mean 
Bechtold and Ruark (1988) Range 
all stems >1 inch dbh 

11.2 
0-57.2 

Basal areas for this study were recalculated for this table using breast height diameters, and 
do not match those used elsewhere in this study, which are calculated with diameters measured at 
30 cm above ground surface. 

been logged, though most slash pine areas in Florida have 

been harvested. The study plots were chosen randomly and, 

by chance, the Pine Forest plots did not contain any of 

the larger slash pine that are scattered throughout this 

community. 

Gunderson and Loope (1982a) and Gunderson et al. 

(1982) inventoried plant communities in the Big Cypress 

National Preserve (BCNP) to the southeast of Corkscrew, 

including slash pine communities in the Raccoon Point and 
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Turner River areas. Corkscrew slash pine density was much 

higher than those recorded in any of the BCNP plots 

(Table 55). However there was little difference in slash 

pine basal area (Table 56). Corkscrew slash pine basal 

area was lower in 1975 but higher than 3 out of 4 BCNP 

plots by 1985. 

Further southeast in Everglades National Park (ENP) 

Hofstetter (1973) and Snyder (1986) studied slash pine 

communities in experimental burn plots (Tables 55 and 56). 

The maximum Corkscrew slash pine density was slightly 

lower, but the overall range was similar to that found in 

Snyder's plots, while Corkscrew basal area was always 

lower. Hoffstetter's sites had a slightly higher slash 

pine density than did Corkscrew. 

Bechtold and Ruark (1988) measured 717 sites, which 

were most likely logged at some point in time, 

encompassing 1,903,000 acres of "natural slash pine" 

throughout the state of Florida. The state-wide mean 

density of slash pine was about the same as the mean of 

all the other studies listed in Table 55. Corkscrew 

Plot 1 and the BCNP plots were lower, while Corkscrew 

Plot 2 and the ENP plots were higher. Basal areas were 

also close. Corkscrew's 1985 mean basal area per hectare 

in the Pine Forest community was slightly lower than the 

state mean, as were most BCNP plots (Table 56). None of 
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the South Florida sites even approached the maximum value 

reported by Bechtold and Ruark. Though site conditions 

and stand age are probably responsible for part of the 

variation between the various pinelands compared above, it 

is interesting that the ENP pldts, which have been subject 

to prescribed burning regimes directed at mimicking 

pre-European man fire frequencies and have been removed 

from commercial use longer than any of the other study 

areas, have both the largest basal areas and highest 

densities of pines. 

Data for slash pine density and basal area can be 

compared directly between most of these studies since 

there was little difference in sampling methods. Though 

different minimum sizes were used for inclusion in each 

sampling (>0 cm, >2.54 cm, >3.8 cm, and >5 cm dbh), this 

does not substantially affect the results, since there 

were very few young slash pines' at any of the South 

Florida sites (J. Snyder, personal communication 1990). 

However, it is not known if Bechtold and Ruark encountered 

many young pines in their study. 

Individual species stem density comparisons vary 

greatly for woody species other than slash pine. Waldrop 

et al. (1987) measured stem density of gallberry, Lyonia 

sp. and wax myrtle in loblolly pine forests of the 

Southeastern coastal plain. They counted all stems with 
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no height criteria noted, while this study only counted 

individuals >1 m tall (Table 55). Corkscrew had much 

lower numbers. However, Corkscrew had more wax myrtle by 

the end of the study than the ENP sites (Table 55). 

Equivalent methods were used to sample hardwoods in ENP 

and at Corkscrew, but species composition was very 

different, with ENP sites containing more species and 

having quite different species present. But total 

hardwood stem density in Hofstetter's unburned plots are 

close to that of Corkscrew Pine Forest community hardwoods 

in 1985 (Plot 1=30,992, Plot 2=12,304). 

At the beginning of this study, when only slash pine 

>3.8 cm were present and all were large canopy trees, 

Corkscrew stem densities in Plot 2 were similar to and in 

Plot 1 were half that of the state average as recorded by 

Bechtold and Ruark (1988). 

No attempt was made in this study to document whether 

species entered the plots by seed germination or 

resprouting. Numerous fire studies, including those 

conducted in southern Florida by Snyder (1986), Taylor and 

Herndon (1981), Hofstetter (1973), and Abrahamson (1984), 

showed high levels of resprouting in the hardwood species 

found in the pine plots after fire, resulting in large 

increases in numbers of stems. 

Abrahamson (1984) measured heights of gallberry, 
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Lvonia lucida. and wax myrtle in central Florida after 

fire. He found that most of the height growth occurred 

within the first year after fire and that subsequent 

growth rates were much slower up to 2\ years after the 

burn, when he ended sampling. Plots with the greatest 

mean heights after 2-2\ years showed a 60 cm mean height 

for gallberry, 36 cm for Lyonia lucida. and 41 cm for wax 

myrtle. 

It took 3-4 years for the Pine Forest hardwoods in 

this study to reach heights >1 m. Once large enough to be 

included in the sample, gallberry and lyonia individuals 

showed slow increases in heights between 1976 and 1985, 

while wax myrtle showed moderate and dahoon holly showed a 

more rapid height growth. The mean heights for each 

species exhibit an even more moderate increase in height, 

but this is influenced by the entrance of new younger 

individuals into the population (Figure 7, page 77). 

Though resprouting after fire may initially produce 

numerous stems, vertical growth and diameters of these 

stems was quite slow. 

Freezes 

There were 5 freezes during the course of the study, 

but only one, the freeze of January 12, 1982, caused any 

discernable damage to tropical hardwoods at Corkscrew 
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Swamp (Table 1, page 24). Temperatures on January 13, 

1981 dropped to about the same level as those of the 1982 

freeze, and another freeze occurred less than 1 week 

later. However, there was no measurable effect on 

tropical hardwoods recorded following the 1981 freeze. 

Fewer communities were inundated during the January 

1982 freeze than during any other freeze (Table 25, 

page 111). The presence of moisture, and especially 

standing water, has a moderating effect on freeze damage. 

The absence of standing water in or near most of the plots 

is probably the reason the 1982 freeze had a more 

significant effect on tropical hardwoods. 

Myrsine, normally considered to be tropical, 

exhibited no effects, while pond apple and strangler fig 

were severely affected by the 19.82 freeze (Table 37, 

page 145). Effects measured included 1) a decrease in 

diameter, a phenomenon that was often observed in 

individuals the sampling period before the individual died 

(see pages 195-196), 2) death of the main stem at the 

measuring height, but presence of living parts below the 

measurement point, such as lower branches or new sprouts 

from the base or trunk, and 3) death. The only plot which 

was not affected was Interior Cypress Plot 1, where there 

was standing water and a more closed canopy than Interior 
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Cypress Plot 2, which showed the next lowest percent 

effect. 

Historically, a few tropical hardwood species and 

epiphytes have maintained populations within the hammocks 

and cypress forests of the swamp. Decreases in the 

natural range of water levels during the winter months 

could cause the demise of these populations. 

Growth Rate Patterns 

There were a variety of patterns in year to year 

growth rates during this 10 year study for the species and 

sites under consideration. However, some of these 

patterns were more widespread than others and a number of 

them appeared to be associated with environmental 

conditions (Figure 16). 

The most widespread pattern for the transect showed 

increased growth rates in 1977-79 and 1983-85 and 

decreased growth from 1979-83. This pattern was found in 

the Pine Forest, Edge Cypress, and Interior Cypress Plot 1 

study sites and corresponds to the pattern of water level 

fluctuations for the same periods (Table 40, page 149). 

Increased growth rates occurred when wetter conditions 

prevailed during the interval between samples (1977-79 and 

1983-85), and this period was preceded by a relatively dry 

interval between samples (1975-77 and 1981-83). 
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Figure 16. Growth patterns of the woody species along the Central Harsh Transect. The overall 
pattern for the Transect is shown at the top, and the individual replicate plot pattern:) are 
shown below. The numerator in each fraction indicates the number of species-sampling period 
combinations with mean growth rates that match the slope (positive or negative) of the adjacent 
growth pattern. The denominator in each fraction is the total number of all possible species-
sampling period combinations for which there were data available. Percent equals numerator 
divided by denominator. Mean growth (increase in basal diameter [measured at 30 cm above 
ground] are given in cm per 2-year period) includes all individuals, and is given below the 
corresponding date for the Transect growth pattern only. The "WET" or "DRY" above the Transect 
growth pattern indicates whether the two year period before the sampling was wetter or drier 
than average. 

All Plots 
159 
239 

67% 

1975 1977 1979 1981 1983 1986 1967 
37 41 40 41 
56 61 59 63 

66% 67% 68% 65% 
MEAN GROWTH Q.254 0.321 0.276 0.167 0.255 

Pine Forest 1 
14 7<* 

Pine Forest 2 IS 71% 

Wet Pralrte 1 <» | 89% 

Wet Prairie 2 
2 
2 100% 

Hammock 1 §§ 61% 

Hammock 2 §§ 67% 

Edge Cypress 1 §§ 76% 

Edge Cypress 2 S 79% 

Interior Cypress 1 20 67% 
30 

Interior Cypress 2 §§ 85% 

DRY WET WET WET DRY 
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The lowest mean growth rate for the whole transect 

occurred during the 1983 sampling period. The two driest 

biennial periods preceded the 1977 and 1983 sampling 

periods. Hydroperiods affecting the 1983 sampling period 

were slightly longer than those affecting the 1977 

sampling period. However, the 1981-82 dry season, which 

affected the 1983 sampling, was hydrologically unique 

compared to all others during the study (Tables 20 and 41, 

pages 100 and 150). Water level decline began early and 

was precipitous during the early winter months. Usually 

there is a slow water level decline through the winter, 

followed by rapid water level decline during the spring 

when temperatures and wind speeds are highest and 

vegetative growth begins, causing rapid 

evapotranspiration. 

The above analysis indicates that the woody 

vegetation response to hydrologic patterns may not only be 

related to duration of inundation, but also to when and 

how quickly water level recession occurs. Our 

understanding of the relationship between hydrology and 

plant communities may well follow the course that our 

increasing knowledge of the relationship between fire and 

plant communities has taken in Florida. Understanding of 

the role of fire in Florida natural areas developed first 

with concentration on how often to burn, and more recently 
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on when to burn. It may be that hydrologic management of 

Florida's natural ecosystems will require a closer look at 

the effects of seasonality of inundation and rates of 

change in water tables, in addition to current studies on 

water volume and hydroperiod length. 

Interior Cypress Plot 2 was the only plot which 

showed an increased growth rate in 1983. It is also the 

wettest site on the transect, and therefore would be less 

susceptible to effects on growth rate caused by drier 

conditions. 

The Hammock community plots had a slightly different 

pattern than the rest of the transect, with decreased 

growth rates for 1979 and decreased or unchanged growth 

rates for 1983. This pattern did not correspond to any 

pattern of hydroperiod, temperature, or precipitation. 

Hammock community growth rates showed less variability 

within species from one sampling period to the next than 

for any other community. 

During data input, a pattern of negative growth 

(decrease in diameter) the sampling period before the 

death of individual woody plants became apparent. Of the 

individuals that were present for at least two sampling 

periods and then were recorded dead in the third sampling 

period (N=470), 40% decreased in diameter the sampling 

period before they died. There were 6728 instances when 
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individuals were alive for 2 consecutive sampling periods 

but did not decrease in diameter and then die before the 

third sampling period; of these only 13% decreased from 

one sampling period to the next. Some of the decreases in 

both instances were extremely small, some were caused by 

conversion from inches to cm, and some were due to -

sampling error, including the difficulty in measuring the 

stem at exactly the same level. Nevertheless, the 

diameter decrease in over 3 times as many trees which did 

die the following year indicates that it may be possible 

to pick up some indication of potentially lethal stress by 

comparing diameter measurements over time. 

Rates and Directions of Change 

Patterns of change in the Central Marsh Transect 

communities which occurred over the ten years of study 

provide some insight into what can be excepted in the 

future. However, any estimates of conditions, either past 

or future, must be viewed with the understanding that 

there may be considerable natural variability not only 

from year to year, but also from decade to decade. 

Whether 1975-1985 is "typical", especially of the future, 

is not known. Yet management decisions must be made which 

will affect the future of these communities decades and 

even centuries into the future, and they must be made 
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based on the best information available at the time. 

Rates and directions of change in three communities, 

the Pine Forest, Wet Prairie, and Freshwater Marsh, are 

largely dependent on fire, as discussed above. The 

Freshwater Marsh community and the Wet Prairie marshes 

differ in herbaceous species composition and density. The 

presence of extremely flammable sawgrass and greater 

herbaceous productivity makes more frequent and intense 

fires likely in the Freshwater Marsh community than in the 

sparser Wet Prairie marsh. Historical records show 

virtually no woody vegetation present in either marsh, 

probably because of a high fire frequency associated with 

open range grazing going back to the turn of the century. 

The increased presence of woody vegetation is currently 

believed to be caused by fire suppression over the past 

several decades. Willow, the only woody species found in 

the Freshwater Marsh plots, seems well adapted to recovery 

from relatively frequent fires through germination and 

stump sprouting. Wax myrtle showed slower rates of 

recovery in the Pine Forest and did not recover from the 

one fire in the Wet Prairie. However, Lotti (1956), Lewis 

and Harshbarger (1976), Taylor and Herndon (1981), Snyder 

(1986), and others found very high resprouting rates for 

wax myrtle after fire, with some variation in regeneration 

based on seasonality of burn. 
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Pine Forest community basal area tripled over the 

10 year study period (Table 9, page 80). Slash pine was 

responsible for much of the increase with hardwoods 

accounting for 22% and 15% of the total basal area at the 

end of the study in Plots 1 and 2, respectively. 

Hardwoods were still predominantly shrubs, with hardwoods 

>3.8 cm dbh representing less than 2% of the individuals 

present in 1985. There was no sign of a species shift 

from pineland to hammock composition. In fact, the 

dominant species in Hammock community plots were not even 

present in the Pine Forest plots at the end of the study. 

The increasing hardwood population is most likely to 

affect slash pine dominance through suppression of 

regeneration and by increasing fuel loads which could 

cause fire intense enough to kill the canopy trees, but at 

the same time rejuvenate the pine community. 

There is extensive literature on south Florida 

hammocks. Some of the more recent and quantitative work 

was done by Olmsted et al. (1980a, 1980b, 1983), Loope and 

Urban (1980), and Gunderson and Loope (1982a, 1982b). The 

term "hammock" encompasses most upland forested 

communities not dominated by pine. Corkscrew hammocks are 

dominated by temperate species. Though there are other 

hammocks on the sanctuary that contain more tropical 

species than were encountered in this study, the sanctuary 
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is outside the range of most tropical hardwoods. Areas 

farther south or closer to the coast than Corkscrew have a 

much larger tropical component because of the moderating 

effects of the Atlantic Ocean and Gulf of Mexico on 

temperatures associated with winter cold fronts. Species 

composition varies dramatically between hammocks, 

primarily as a function of substrate type and, to a lesser 

extent, severity of freezes. Quantitative comparisons 

with other studies were not attempted due to the wide 

variation in hammock species composition and structure, 

and the edaphic and environmental factors which control 

them. 

By comparing the change in number, diameter, and 

basal area over time in the Hammock community plots, a 

general pattern of succession toward a more mature 

hardwood community becomes apparent. Hardwood species, 

both canopy and subcanopy, decreased in number, but 

increased in diameter and basal area, showing a trend 

toward fewer larger trees. Tropical hardwood species 

followed the same pattern of decreasing numbers with 

increasing basal area, except when affected by a freeze. 

Early successional species were not only declining in 

number, but also in basal area. As the Hammock community 

matures, conditions for these species are becoming less 

favorable and they become a progressively more minor 
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component of the community. Without major perturbations 

such as fire or hurricanes to set back the process, this 

pattern will probably continue into the foreseeable 

future. 

Gunderson and Loope (1982a) and Gunderson e£ al. 

(1982) discuss two cypress mixed hardwood forests in the 

Big Cypress National Preserve (BCNP) with species 

composition similar to the cypress community plots of this 

study (Table 57). The authors mention no sign of logging 

in the study areas, though the Deep Lake Cypress Strand 

area showed signs of severe fire. Cypress alone occupied 

the canopy at both BCNP and Corkscrew sites. BCNP cypress 

were closer in diameter to those of the Edge Cypress 

community, but were much fewer in number. Hardwoods more 

closely resembled the Interior Cypress community at 

Corkscrew, with pop ash as the most numerous subcanopy or 

shrub species in both studies. The three early 

successional species which had the highest stem density in 

the Edge Cypress community, buttonbush, willow, and wax 

myrtle, were not even present in the BCNP cypress plots 

except for a few wax myrtle in the Deep Lake Strand plot. 

Sabal palm was present in the cypress communities at 

Corkscrew, but only as scattered individuals, and none 

were encountered in the plots. Strangler fig was more 

abundant at the BCNP sites, which are undoubtedly less 



Table 57. Comparison of stem densities for cypress communities of this study with two Big Cypress National Preserve (BCNP) cypress 
conmunities (Gunderson et al. 1982 and Gunderson and loope 1982a). Only Large Class trees (>3.8 cm dbh) from the Corkscrew Edge Cypress 
and Interior Cypress conmunities are included in this table because this group most closely approximated the BCNP populations sampled. The 
BCNP Turner River and Deep Lake Strand figures include all trees >5 cm measured at breast height. Corkscrew figures include trees 3.8-5 cm 
which are not included in the BCNP figures. Data are shown as nuntoer per hectare. 

Coaparison of Species Stem Density (nunber/ha) in Cypress Conmunities 

EDGE CYPRESS INTERIOR CYPRESS 

TURNER 
RIVER 
AREA 

DEEP 
LAKE 

STRAND 
AREA 

1975 1985 1975 1985 TURNER 
RIVER 
AREA 

DEEP 
LAKE 

STRAND 
AREA PLOT 1 PLOT 2 PLOT 1 PLOT 2 PLOT 1 PLOT 2 PLOT 1 PLOT 2 

TURNER 
RIVER 
AREA 

DEEP 
LAKE 

STRAND 
AREA 

BUTTONBUSH 48 48 96 

CYPRESS 880 2352 896 2192 128 64 128 64 650 150 

DAHOON HOLLY 32 48 32 48 16 48 83 

POND APPLE 48 32 32 144 16 48 16 67 400 

POP ASH 576 384 592 352 517 2300 

RED BAY 64 32 96 16 32 32 48 500 17 

RED HAPLE 16 80 48 144 240 96 240 112 67 

SABAL PALH 167 117 

STRANGLER FIG 32 16 48 16 48 16 83 217 

WAX MYRTLE 64 144 400 368 17 

UILLOU 224 144 128 80 

TOTAL 1,344 2,880 1,616 2,928 1.152 624 1.088 752 2.134 3.218 

to 
O 
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affected by freezes than is Corkscrew Swamp. 

Intensive studies of large stands of old growth 

forest dominated by bald cypress have been conducted in 

the Big Cypress Swamp of southwest Florida and the 

Okefenokee Swamp in southeast Georgia (Table 58). While 

techniques varied between each of these studies, and must 

be kept in mind when their results are compared, the 

following analysis examines how numbers and basal area of 

"cypress alone" and "all species combined" vary among 

these sites. In the following discussion only half the 

Corkscrew cypress basal area was used as the basis for 

comparison with data from other sites to compensate for 

differences in sampling heights discussed in Table 58. 

One striking difference between the Corkscrew and 

BCNP sites is the proportion of total basal area comprised 

by cypress. Cypress comprised over 90% of the basal area 

in three of the four Corkscrew cypress plots and over 80% 

in the fourth plot. Cypress comprised only 21% of the 

Deep Lake Strand site and 55% of the Turner River site. 

Gunderson and Loope (1982a) felt that a severe fire had 

removed many of the large cypress in Deep Lake Strand. 

Gunderson et al. (1982) also felt that reduced hydroperiod 

in the Turner River area was increasing hardwood and 

reducing cypress germination and growth. The Corkscrew 

sites have not been affected by any major perturbations, 



Table 58. Comparison of.stem density and basal area of cypress communities with other studies. Stem density is in number per hectare. 
Basal area data are in m per hectare. Note differences in sampling method uhich preclude direct comparisons in some cases. 

2 Comparison of Cypress Community Stem Density (number/ha) and Basal Area (m /ha) with Other Studies 

SITE DESCRIPTION 
CYPRESS 
STEH # 

DENSITY 

TOTAL 
STEH # 

DENSITY 

CYPRESS 
BAS^ 
AREA 

TOTAL 
BASAL 
AREA 

Edge Cypress Community 
Corkscrew Swamp Sanctuary, south Florida 
this study 
all individuals >1 m tall 

Plot 1 1975 
Plot 2 1975 
Plot 1 1985 
Plot 2 1985 

976 
3,152 
992 

2,800 

4,864 
6,896 
4,256 
5,232 

87.29 
101.44 
106.32 
120.99 

93.72 
112.08 
114.15 
131.59 

Interior Cypress Community 
Corkscrew Swamp Sanctuary, south Florida 
this study 
all individuals >1 m tall 

Plot 1 1975 
Plot 2 1975 
Plot 1 1985 
Plot 2 1985 

128 
64 
128 
64 

3,552 
2,432 
4,496 
3.184 

129.25 
184.23 
135.23 
187.60 

152.72 
194.07 
162.95 
204.41 

Cypress-Hixed Hardwood Swamp 
Big Cypress National Preserve, south Florida 
(Gunderson et al. 1982 and Gunderson and Loope 1982a) 
all trees >5 cm dbh 

Turner River Area 
Deep Lake Strand Area 

650 
150 

2,134 
3,218 

**• 
35.62 
8.87 

*** 

64.37 
42.13 

Cypress Forest 
Okefenokee Swamp, Georgia 
Schlesinger (1978) 
mean of 17 sites 

>4 cm dbh 
>1 ra tall, <4 cm <fch 

Total 

1,467 
380 

1,847 

1,916 
26.300 
28,216 

69.4 80.35 

Old-Growth Cypress Stand 
Okefenokee Swamp, Georgia 
Best et aU. (1984) 
all woody plants >1 m high 

155 27,339 35.18 60.06 

More direct stem density comparisons can be made between this study and the Gunderson et al., Gunderson and loope, and Franklin et at. 
M data by using the Corkscrew stem density figures for Large Class individuals only given in Table 57. 

Basal area cannot be directly compared due to differences in sampling method. Corkscrew basal area covers a larger proportion of the 
population than BCNP basal area where they only sampled individuals >5 cm. Corkscrew basal area was also calculated 
using basal diameters (30 cm above ground), not breast height. For the cypress in both Corkscrew conmunities, basal area based on 
basal diameters was approximately twice that calculated using the breast height diameter. Cypress has more buttressing and stem taper 
at the base than most species, so most other species would probably not show as large a difference between basal and breast height 
calculations. A rough comparison of Corkscrew cypress community basal areas with other studies could be made by using only half the 
basal area listed for Corkscrew sites. 

These data are not comparable to other basal areas in the table due to difference of range of individuals sampled (entrance >5 cm dbh 
vs. >1 m tall), or especially with Corkscrew basal areas because they were also measured at a different height on the stem. They are 
given here to show the proportion cypress basal area to total basal area within each site. 



204 

natural or artificial, in the recent past other than 

Hurricane Donna. The larger proportion of cypress in 

Corkscrew cypress communities could be a result of the 

absence of major perturbations, which would tend to create 

openings in the canopy and enhance growth of the subcanopy 

hardwoods. 

The unlogged Okefenokee Swamp cypress forests studied 

by Schlesinger (1978) have a structural appearance very 

similar to the Corkscrew Edge Cypress community. The only 

major difference between his site and the Corkscrew 

cypress communities was in their total stem densities, 

which on Schlesinger1s site included dense clumps of 

shrubs growing on cypress knees and the bases of cypress 

trees (Table 58). Fires during this century could have 

influenced the hardwood component of this forest by 

killing larger individuals back to their bases and 

permitting profuse sprouting that resulted in the very 

large stem density. 

The Okefenokee Swamp site studied by Best et al. 

(1984) also had much higher total numbers of individuals 

than were present at Corkscrew. Though the number of 

cypress was comparable to the Corkscrew Interior Cypress 

site, Best et al. reported less cypress basal area than 

was found by Schlesinger or in either Corkscrew site. 

Total basal area was in the upper range of values for the 
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Corkscrew Edge Cypress community. The Okefenokee site 

sampled by Best et al. has most-likely been impacted by 

one or more fires during this century and possibly by 

logging, which could have caused the reduced cypress 

population and increased the hardwood component. 

Okefenokee old-growth cypress forests contain many of the 

same species found in south Florida cypress swamps, 

including red bay, dahoon holly, buttonbush, wax myrtle, 

red maple, and itea, though dominant subcanopy hardwoods 

such as black gum (Nvssa sylvatica) and loblolly bay 

(Gordonia lasianthus) are not present in south Florida. 

Like the Hammock community, the Corkscrew Edge 

Cypress community showed progression toward a maturing 

forest, though it was less pronounced. But the Edge 

Cypress community differed by having a larger component of 

early successional species and a single canopy species, 

cypress. Cypress basal area increased 20% in the 10 year 

period. At this rate, basal area in the Edge Cypress 

community would equal that of the 1975 Interior Cypress 

community in about three decades, though number of trees 

would still be much greater and their diameters much 

smaller. If the rates of decrease in basal area recorded 

for the three Edge Cypress early successional species were 

maintained over the next three decades, buttonbush and 

willow would no longer be present and wax myrtle basal 
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area would decrease by about 30%. Also, the sparsely 

distributed subcanopy hardwoods would slowly increase in 

size, and red maple v/ould dominate the subcanopy with a 

basal area of 14 m2/ha. This assumes linear rates of 

change and is an oversimplified model, but illustrates 

that in only 30 years the patterns and rates of change 

measured in the Edge Cypress community would bring it much 

closer to resembling the Interior Cypress community in 

species composition and basal area. However, the Edge 

Cypress community has a shorter mean hydroperiod and is 

located on shallower organic substrates, and is therefore 

less consistently in contact with the water table when the 

water table is below ground. As a result of these 

conditions, dry periods are more likely to stress 

vegetation, contribute to freeze damage, and make fires 

more common and severe than in the Interior Cypress 

community. These factors make the Edge Cypress community 

more susceptible than the Interior Cypress community, at 

least in the short term, to changes in fire and hydrologic 

regimes, which are to some extent controlled by management 

practices, governmental policies, and regulatory 

decisions. 

The Interior Cypress community is buffered from the 

effects of fire, drought, and freezes because it is wetter 

than the other communities. As a result of this and the 
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great age of its dominant species, this community tended 

to have slower rates of change than did the other forested 

communities. It had the highest total basal area of any 

community by a substantial margin, but this parameter 

increased only about 10 m2/ha during the study, while in 

the other forested communities it increased by 13 to 

20 m2/ha. Fewer individuals died and fewer Large class 

(>3.8 cm dbh) individuals entered the Interior Cypress 

site than any other forest site. However, Small size 

class (>1 m tall but <3.8 cm dbh) recruitment was slightly 

higher than in the Edge Cypress community. The overall 

diameter growth rate for the Interior Cypress community 

was slightly lower than at the other forested study sites. 

Change in large old-growth cypress trees was harder 

to detect than it was for younger cypress or for all other 

species at Corkscrew. This is because it generally occurs 

over time periods beyond the duration of this decade long 

study, or at rates beyond the sensitivity of this study's 

techniques. Counts of annual growth rings and evidence 

from peat cores indicate that the present forest developed 

after a major fire about 500 years ago. Also, the large 

cypress trees have virtually all been topped by hurricanes 

which, while not frequent, are inevitable during the 

lifetime of these trees. Hurricane Donna in 1960 was very 

severe, and though it killed some of the big trees, its 
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primary effect on cypress was removal of major branches. 

In the absence of major fires or anthropogenic 

perturbation, the present forest will probably continue in 

about its current species and size composition, since 

there is sufficient cypress regeneration occurring to 

assure the continuation of this forest community 

indefinitely. 

Gap dynamics, providing not only light, but also 

depressions and elevated surfaces for new individuals, and 

climatic cycles will probably account for shorter term 

changes in subcanopy species distribution. The influx of 

four species not previously present in the Interior 

Cypress community before 1981 is an example of this type 

of shorter cycle of change. The freeze which affected 

pond apple and strangler fig throughout the transect is 

another case where a disturbance pattern with a frequency 

on the order of decades affected hardwood distribution. 

Changes in rates of peat deposition are hard to 

detect, but critical to the maintenance of this community. 

It takes roughly a century for the deposition of 1 cm of 

peat, so any significant losses would take a long time to 

replace. Since all the communities at Corkscrew exist 

along a topographic gradient, long term reduction of water 

levels or hydroperiod would tend to shift most communities 

down the topographic gradient, except for the Interior 
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Cypress community. It is located in the lowest 

topographic sites, and could only decrease in area. 

These characteristics give the Interior Cypress 

community the appearance of being the least susceptible to 

perturbation, and at the same time make it the most 

difficult to manage, since management actions and 

decisions must be considered in terms of centuries. 

Corkscrew forested communities all showed positive 

overall growth patterns. Total basal areas decreased over 

the 10 year period for early successional species 

(buttonbush, wax myrtle, and willow) and two tropical 

species affected by the 1982 freeze (pond apple and 

strangler fig) in almost all cases in the hammock and 

cypress communities. Otherwise, total basal areas were 

higher for all species in the forested communities at the 

end of the study. Woody vegetation in the two marsh 

communities was less stable, due largely due to fire. 

Management Implications 

Results from this study, along with other data, will 

be used to update the model shown in Figure 3, page 27. 

These results will improve the model by providing 

additional information on rates of succession and the 

effects of fire in the communities studied. 

In the Pine Forest community, successional rates 
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following fire encountered in this study were slower than 

depicted in the model. Twelve years after fire, most 

hardwoods in the Pine Forest plots were still small 

individuals. Only 2% reached 3.8 cm dbh and most were 

lyonia and gallberry, both small shrub species. Based on 

this information, the boundary between PINE/PALMETTO/WAX 

MYRTLE and PINE HARDWOOD in the model should be shifted to 

the right, indicating a longer fire interval between these 

two serai stages of the Pine Forest community. 

The Wet Prairie community rates of change found in 

this study corroborate the model. Twenty to thirty years 

of fire suppression definitely showed a well developed wax 

myrtle community, as indicated by the area labelled 

WAX MYRTLE on the model. Also, at about 3 decades, pines 

were beginning to represent a significant part of the 

community, which agrees closely with the model boundary 

between WAX MYRTLE and PINE HARDWOOD. 

Freshwater Marsh community results in this study 

represent a condition where willows were already present 

within the plots. Data from this study found a 3-6 year 

fire interval insufficient to reverse the encroachment of 

willow. This indicates that a fire interval of 

approximately 8-10 years, as is shown in the model, would 

not be sufficient to convert the WILLOW sere to the MARSH 

sere. Therefore, data from this study would suggest that 
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the boundary between MARSH and WILLOW should be shifted to 

the left, indicating a shorter fire interval, at least for 

transition in the direction of WILLOW to MARSH serai 

stages. 

Some adjustment in the CYPRESS boundaries on the 

model are indicated by the Edge Cypress community 

findings. Based on old photography and historical 

accounts, it has been at least 30 years since the last 

severe fire in the Edge Cypress community study area. 

Rates of change found in this study suggest that, barring 

major perturbations, it would take approximately 30 more 

years for the species composition and basal area of the 

Edge Cypress community to resemble the Interior Cypress 

community, though the cypress trees would be much smaller. 

Therefore, for the Edge Cypress plots, these data indicate 

that a period of least 60 years without fire would be 

likely before these plots would succeed to a community 

more closely resembling the Interior Cypress community. 

This would suggest that both the left and right boundaries 

of a portion of the model designated as CYPRESS, (the 

equivalent of Edge Cypress community in the model) should 

be expanded so that the fire interval required for 

succession from WILLOW to MIXED SWAMP FOREST would be 

lengthened. 

Improvement of the model by increasing the 
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quantitative base upon which it is established will 

facilitate natural area management by taking much of the 

guesswork out of maintaining a natural system. For 

example, the manager is better able to develop burn plans 

in hydrologically different areas to meet management 

goals. 

The model also is helpful in efforts to predict and 

counter the impacts of development. Manipulation of water 

and runoff is heavily regulated in south Florida today. 

Therefore a major part of natural area management is 

conducted in the offices of government regulatory agencies 

and in the courts. This model helps all those concerned 

in hydrologic decisions to anticipate what changes will 

occur with alterations in hydroperiod or fire. If a 

nearby landowner applies for a permit to pump water which 

will lower the water table within a portion of Corkscrew 

Swamp Sanctuary, the manager can determine what changes 

the subsequent reduction in hydroperiod is likely to cause 

in plant communities in that area. It is then possible to 

work with the landowner and regulatory agency to minimize 

any changes which are deemed undesirable. 

In some cases, changes in water levels will cause 

little change in the communities affected, and the manager 

can avoid unnecessary confrontations. For example, 

reduction in hydroperiod in an area equivalent to PINE 
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HARDWOOD in the model from 60 to 50 days/year might be 

considered a tolerable change. 

However, if change in hydroperiod was considered 

unacceptable because it would, for example, shift species 

composition in a vital rookery area from CYPRESS HARDWOOD 

to PINE HARDWOOD, thus destroying the rookery, the 

manager's concern could be explained to the other parties 

involved through use of the model. 

Having data to back up predictions of change in plant 

communities due to alterations in hydrologic or fire 

regimes substantially strengthens a manager's position 

when trying to work out positive solutions to proposed 

land use changes, or if necessary, present the case in 

court. Often the mere presence of such data completely 

avoids legal proceedings, saving time and money for all 

involved. Quantitative information on rates of change 

makes it possible to conduct preventative management, 

rather than reacting to disturbance which has already 

occurred and would need to be reversed. This is 

especially important because it is usually not even 

feasible, either legally and economically, to reverse land 

use changes that have already occurred. 

Understanding the Corkscrew Swamp ecosystem and how 

it is influenced by environmental factors has gone through 

many stages of development. One month after research 
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began in the 1970's, H. T. Odum asked if the researchers 

had a model for Corkscrew yet. Their response was to draw 

a box on the blackboard, write "Corkscrew" in the box, and 

put an arrow going in and one coming out. Since then, 

models of the system have passed through many stages from 

primarily descriptive to ones based more and more on 

quantitative information. The results of this study will 

supply additional quantitative information on directions 

and rates of change in woody vegetation. 

Likewise, natural area management has passed through 

many stages of development. Management was first 

synonymous with eliminating poachers. Later the 

philosophy was to buy the land, then "put a fence around 

it and leave it alone." But as the lands around the 

sanctuary's boundaries and within its watershed are 

altered by human development, active management to protect 

the sanctuary's integrity is necessary. If Corkscrew is 

slowly drained due to development, eventually most plant 

communities will shift farther down the topographic 

gradient. But not the old-growth cypress community, which 

is already at the bottom of the topographic gradient and 

therefore can only decrease in size, and ultimately 

disappear. Preventative management, based on scientific 

research, may make the difference in saving this unique 

community. 
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APPENDIX A 

PROCEDURES FOR CHECKING COMPUTERIZED DATA 

Site and sample number were visually scanned for 

errors on data printouts. Height was entered twice by two 

different persons and the entries compared for differences 

and checked. Species and Class were entered for each 

sampling period and compared with the previous sampling 

period for differences. Diameters were checked by 

subtracting individual diameters from each sampling period 

from the diameter for the following sampling period. 

General statistics were run and scatter plots made of the 

change in diameter (growth) as a function of sample 

number, so that outliers could be easily identified, for 

all the individuals of each species at each site for the 

six possible change in diameter combinations. Growth data 

were examined for outliers and all outliers were checked. 

Many visual checks of the data printouts were made. 

Some examples are: 1) All first appearances of "main stem 

dead" or "dead" were checked in the following sampling 

periods to be sure that they remained "main stem dead" or 

"dead"; 2) at the first appearance of each Large class 

individual, diameter was examined to see if it was 

>5.2 cm, since for most individuals an increase in 

diameter from 3.8 to >5.2 cm in two years would be 
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exceptional; if the first appearance diameter was >5.2 cm, 

there is a possibility that the individual was overlooked 

in the previous sampling period, so these individuals were 

examined further; or 3) all numbers in the field for 

presence or absence of branches were scanned to be sure 

they were only 0*s for no branches or l's for presence of 

branches. 
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APPENDIX B 

PROCEDURES FOR ESTIMATING MISSING DATA 

The following formula was devised to interpolate a 

diameter when measurements were available for the sampling 

periods before and after the missing measurement: 

Dj., = previous sampling period diameter 

Dt = missing diameter 

Dt+j = following sampling period diameter 

A = mean growth for all available individuals of 

that species in that community from D̂ . to Dt 

B = mean growth for all available individuals of 

that species in that community from Dt., to Dt+j 

This formula was employed only if the two surrounding 

sampling periods were both of the same size Class, i.e. 

both Large class or both Small class. Mean growth for all 

individuals of a given species in the given community was 

used to reflect any trend in growth rate for that species 

in that community for the sampling period being 

interpolated and de-emphasize growth trends from the 

previous and following sampling periods. 
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If the individual was missing only in the last 

sampling period, a field check was made in an attempt to 

relocate it. If the individual was found, it was measured 

and the data were used to interpolate the missing data 

point using the following formula: 

1985 dia = 1983 dia+l Fif.1 cJcfia" 1 9 ^ a  *2) 
\ Fieldcheckyear -19 83 / 

If the individual could not be relocated in the field but 

there was reason to believe that the individual was 

present in 1985, the following formula was used to 

estimate the last, 1985, diameter measurement: 

1985 c?ia = 1983 diaxf ̂ 0\mean Ci1.a\ 
\ 19 83 mean dia / 

1983 dia = actual measurement of the diameter during 

the 1983 sampling period 

1985 mean dia = mean diameter for all available 

individuals of that species in that community 

for 1985 that were present in both 1983 and 1985 

1983 mean dia = mean diameter for all available 

individuals of that species in that community 

for 1983 that were present in both 1983 and 1985 
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The mean diameters were used to reflect the mean growth 

rate for that species in that community from 1983 to 1985. 

If data were missing and there was no indication that the 

individual, was alive in 1985, it was considered dead. 

Another situation which required estimating a missing 

diameter was when an individual was measured one or more 

times, was missing the next sampling period, and then the 

main stem was dead the following sampling period. During 

the missing period, the individual could have: 1) grown 

substantially, 2) shrunk, remained the same size, or grown 

very little, as was often the case, or 3) lost its main 

stem. Because it was impossible to determine which 

possibility occurred, it was decided to use the same 

diameter as the previous sampling period for this type of 

missing diameter. This method was only used for two 

individuals for one sampling period each. 

One species, wax myrtle, was only measured in the 

nested 10 X 10 m plot, and not in the rest of the 

25 X 25 m plot, for the first two sampling periods in the 

Edge Cypress and Hammock community sites. Therefore, it 

was necessary to reconstruct the Large class wax myrtle 

data for these sites for the first two sampling periods. 

Wherever wax myrtles were present in the 1977 and 1979 

sampling periods, the following formulas were calculated: 
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^1975 = 19 7 7 dia~ (1979 dia-1977 cfia) 

^1976 =19 7 7 c?ia-| 1979 dla-1977 

If E1975 or E1976 was >3.81 cm then that value was used as 

the diameter estimate for that wax myrtle in the 

corresponding year, 1975 or 1976, respectively. Data 

were not collected in 1978. Estimated diameters for 1975 

and 1976 were used only if they equaled or exceeded 3.8 cm 

since data had already been collected for all wax myrtles 

in the 10 X 10 m plots. 

For wax myrtles where data were available for the 

third year, 1977, but not for the fifth year, 1979, the 

diameter for the third year was used as the estimate for 

the missing diameter(s). As mentioned above (see 

pages 195-196), it was common for a stressed tree to show 

minimal growth or actually have a smaller diameter in the 

sampling period before it or its main stem died. Since 

this was found to be the case, it was considered better 

not to estimate the first or second diameter(s) below the 

diameter for the third sampling period for myrtles where 

data were only available for the third year, but not the 

fifth year, because this would not reflect the pattern 

observed in the available data. 

The methods discussed for wax myrtle in the previous 

two paragraphs were also used on several individuals of 
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other species where the first recorded diameters were so 

large that it was assumed that the individuals were 

overlooked in the previous sampling period. 
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APPENDIX C 

PROCEDURES FOR ESTIMATING MISSING BRANCHES 

In a few cases, branches were estimated for previous 

sampling periods when the branch was recorded for only one 

sampling period but was considered too large not to have 

been present in previous sampling periods. In this case, 

there was only one measurement available. Branch growth 

rates were observed to be generally much more erratic than 

main stem growth rates. Therefore, mean branch growth 

rates of a species at a particular site were thought to be 

less representative for estimating an individual branch 

than were growth rates of the main stem of that 

individual. The following formula was used in these cases 

with data from adjacent sampling periods: 

dia of branch t = 
dia of branchttl- (dia of mainstemt^-dia of mains tew t) 

If it was necessary to estimate a branch which was 

only recorded in the last sampling period, but appeared to 

be too large to be the first appearance of the branch, the 

branch was remeasured in the field and the following 

formula was used: 

1983 dia = 1985 dia-[ 1 9 j ? *  x 2 l  
\ Fieldcheckyeaz-1985 / 
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APPENDIX D 

PROCEDURES FOR DEVELOPING 

REGRESSIONS TO ESTIMATE HEIGHT 

Initially, scatterplots of each species for each 

replicate plot were examined to determine if the 

relationship between diameter and height for each species 

was similar between replicates,-and then between 

communities. If distributions between replicates and 

communities were similar, the data were combined to 

develop a single regression for height as a function of 

diameter for that species. If only a few data points 

existed for any species at a site and they were within the 

range of that species in other sites, they were combined 

into a single regression. 

Wax myrtles appeared to have similar regressions in 

the Hammock, Interior Cypress, and Edge Cypress 

communities, while those for the Wet Prairie community 

were quite different and those for the Pine Forest 

community were possibly different. Therefore, regressions 

for these three groups were compared statistically to see 

if their data should be combined for calculation of a 

single regression. Comparisons were made using both 

diameter and log diameter for each of the three possible 

combinations. Each combination was tested for common 
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residual variances, slope, and elevation (Snedecor and 

Cochran, 1967). All regressions were found to be from 

different populations (p = 0.05). Therefore, three 

separate regressions were developed for wax myrtle. 

Distributions of data in the scatterplots for each 

species were determined to be similar in all replicates 

and communities for all other species except wax myrtle. 

Therefore, replicate and community data were combined for 

each species except wax myrtle to determine the best 

fitting linear regressions. 

Based on the scatterplots described above, linear 

regressions were calculated for the data as is or for 

transformed diameter or height variables. Possible 

options included actual diameter and height measurements 

or the log, square root, or reciprocal of diameter or 

height. Final regressions were chosen for each species 

based on the highest coefficient of determination. Graphs 

of residuals as a function of predicted height were also 

used to check homoscedasticity, or homogeneity of 

variances. 

There was only one red maple in the Small size class 

and it did not fit any of the red maple regressions tried. 

It was deleted from the red maple dataset and a higher 

coefficient of determination was obtained. This outlier 

was present for only one sampling period, so no predicted 
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heights were necessary for that individual. Therefore, 

the actual height measurement for that individual was used 

for its one appearance in the data, and it was not 

included in the overall red maple regression. 

Only one slash pine was present in the Hammock 

community plots, and it was taller and had a larger 

diameter than all the other slash pines in the dataset. 

It did not fit any of the slash pine data transformations 

and regressions that were tried. 

During initial sampling, it was clear that there were 

virtually none of the larger slash pines in the sampling 

plots along the Central Marsh Transect, so 10 additional 

"big slash pines" were measured near the Pine Forest 

community sites. Next, these "big slash pines" and the 

one slash pine from the Hammock community were used to 

develop a "big slash pine" regression of height as a 

function of diameter. The Hammock community slash pine 

still did not fit the regression line well. 

Therefore, field measurements of height and diameter 

were made in January 1989 of the single Hammock community 

slash pine. The diameter was converted to basal diameter 

and the 1975 and 1989 pairs of height and diameter 

measurements were used to create a line which was used to 

estimate heights for this single tree for 1976-1985. The 

difference between the diameter-height relationship in 



226 

Hammock and Pine Forest communities may be quite real. 

Hammock communities are much denser and the canopy is more 

closed than in Pine Forest communities. Therefore, the 

fact that the one Hammock community slash pine does not 

fit Pine Forest community slash'pine regressions may be 

accurate and not just an instance of an individual with a 

large variance from the regression. 

There was only one buckthorn in the dataset. This 

individual died between 1977 and 1979, so the method used 

for the slash pine above was not possible since the 

buckthorn could not be remeasured. Data were available 

for 4 buckthorns from another sanctuary transect. 

Therefore, a buckthorn regression was constructed with the 

five available data points to predict heights for the one 

buckthorn. 

Three species, red bay, cypress, and pop ash, had 

better fitting regression lines if Large class individuals 

were separated from Small class individuals and linear 

regressions were developed using height as a function of 

log diameter for the Large class individuals and height as 

a function of diameter for the Small class individuals. 

This substantially corrected unequal variances for the 

smallest and largest trees. 
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