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Executive Summary
This restoration primer consists of four main sections, and is intended to give an
overview of plant communities in the Everglades and provide a framework for establishing
restoration goals.
Section I gives a summary of what the Everglades was like in the past:
•

Geological studies of bedrock and peat accretion show that there are inherent differences
between the northern and southern Everglades, with peat accretion being higher in the north.

•

Studies to date suggest that the major anthropological impacts to the Everglades occurred
after about 1950 AD. However, pollen data indicated that changes to hydrology were evident
as early as 1930 AD.

•

Many of the changes that occurred after 1950 AD in northern WCA-2A are related to inputs
of agricultural and lake water runoff. This is evidenced by both diatom and pollen indicators
extracted from soil cores.

•

Diatom indicators from cores in both northern and southern WCA-2A reveal that conditions
were more acidic prior to the canal digging that took place in the latter part of the 20th
century. This suggests that calcareous periphyton mats may not have existed in some areas
prior to canal construction.

•

Tree islands were established in the Everglades around 1200 AD. After 1950 AD, tree islands
decreased in abundance.

Section II provides an outline of the present day plant communities and the
environmental factors responsible for their distribution and abundance in the Everglades:
•

Major plant community types include sawgrass, wet prairie, slough, tree island, and
willowhead/cypress/pond apple forest/hardwood communities.

•

Factors that control plant community structure and function include climate, hydrology, fire,
and nutrients.

•

The hydrologic regime has been altered in the last 50 years as a result of development.
•

Changes in hydrology have been implicated in the marked loss of tree islands since 1950
AD.

•

The spread of cattail in some areas has also been linked to changes in hydrology.

•

Although few studies have directly addressed the effects of fire on vegetation, fire
regimes have likely been altered along with hydrology.
•

Changes to the fire regime could have profound effects on the Everglades ecosystem.
Some species, like sawgrass, which are fire adapted, may suffer under a changed fire
regime.

•

Nutrients have also affected Everglades vegetation.
•

Nutrients foster the expansion of cattail populations.

•

Nutrient enrichment of sloughs has resulted in the invasion by exotic species such as the
water hyacinth.

•

More studies are needed to ascertain the effects of the combined influence of fire, nutrients,
and hydrology on Everglades vegetation.

•

Natural successional patterns provide a framework for the development of science-based
restoration plans and experiments that foster the development of the desired target
communities.
Section III focuses on the establishment of restoration goals and guidelines.

•

We define target plant communities for restoration and ways in which the restoration could
be achieved.
•

Sawgrass plains have suffered a loss of about 175,000 hectares. Although it is not
practical to restore the entire area, we suggest a target area of about 123,600 hectares, to
nearly double the present day distribution of sawgrass plains.

•

Swamp forests and peripheral wet prairies have experienced a 100% loss and should be
restored. Nutrient enriched areas in northern WCA-2A may provide suitable habitat for
the restoration of swamp forests (e.g. Pond apple) that previously existed along the south
shores of Lake Okeechobee.

•

Tree islands should also be restored. However, more research is needed in this area in
order to implement effective restoration of tree islands.

•

Cattail eradication should be used to help restore traditional Everglades plant communities.
Eradication is best achieved by first understanding the biology of this invasive plant. Control
measures that are taken when the plants are at a physiological weak point in their growth
cycle should increase the probability of success.

•

Effective eradication of cattail, along with management plans directed at maximizing
sawgrass growth should be used in conjunction in order to create the desired vegetation
mosaic.

In the final section IV, we outline proposed experiments and projects that would help to
refine management plans.
•

Restoration efforts should make use of existing information to develop maps of soil nutrient
profiles, past vegetation, open water sloughs and channels, hydroperiods, and topography.

•

Specific restoration goals concerning target areas for each community type should be
established based on our current knowledge.

•

Experiments should be used to help refine management plans and reduce uncertainty with
regard to plant community response to restoration efforts.
•

Experimental outlines are proposed to investigate the response of plant
communities to different hydrologic manipulations and prescribed burning under
nutrient poor and nutrient enriched conditions.
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Everglades Restoration: A Primer

Introduction
This primer is intended to give an overview of the plant communities of the Everglades
ecosystem in the past and present, with a particular emphasis on the restoration goals and
guidelines for plant communities in the Water Conservation Areas (WCAs).
In the first part, we summarize and discuss the state of the knowledge concerning the
pre-development Everglades. In order for an effective restoration to take place, it is necessary to
understand what the ecosystem was like prior to the last century. While it may be possible to
develop a snapshot of what the Everglades was like at a given point in time, it is important to
quantify the dynamics of the ecosystem over longer periods of time. This section is organized
chronologically and emphasis is placed on the past 2000 years, with a focus on conditions prior
to major human alterations as a basis for potential restoration targets for plant communities.
The second part of the primer deals with what we know about the current ecosystem and
includes an overview of the factors that affect the distribution of various vegetation types. We
discuss how these factors (e.g., climate, hydrology, fire, and nutrients) interact to produce the
mosaic of communities that are present in the Everglades today.
The purpose of the third section is to examine factors such as hydrology and fire that
may be used to restore the vegetation of the Everglades to a more natural state. For instance, we
discuss how fire shapes the landscape and how it can be used via prescribed burning to produce
the desired communities.
The final section of the primer outlines experiments that would provide valuable
information that could be used in the implementation of ecosystem restoration. These

experiments may be done in conjunction with restoration measures as part of an adaptive
management program. These experiments emphasize the interaction of hydrology and fire;
factors that historically controlled the Everglades plant communities, in enriched and unenriched
areas. They would provide critical information that allow managers to reduce uncertainty in
water management plans over time in order to successfully implement Everglades plant
community restoration.
Finally, the authors recognize the importance of animals, especially birds, in the
Everglades restoration effort. It is our contention that if the historical structure and function of
plant communities of the Everglades are restored then the majority of dependent animal species
will also be sustained. Moreover, we recognize the important role of the alligator in maintaining
open water habitats during drought conditions, but we have not addressed this in this document
since our efforts are focused on restoring Everglades plant communities, within the context of
proposed hydrologic conditions.

I.

What do we know about the historical Everglades, prior to major
anthropogenic impacts?
One of the key benefits of examining the long-term history of the Everglades is that it is

possible to learn about natural variations in the system prior to the industrial era. Knowledge of
the rates and magnitudes of change, as well as recovery rates from disturbances are critical to
future restoration plans. Plans that incorporate the natural variation and known responses to
disturbance are likely to be more ecologically and economically feasible.
A geological study of the bedrock that underlies the Everglades shows a differentiation in
permeability from north to south. Low permeability limestones underlie the northern portion of
the Everglades basin around Lake Okeechobee and extending into the northern half of WCA-3

and into the western portions of WCA-2. In the southern section of WCA-3 and the eastern
section of WCA-2 there is an abrupt shift to highly permeable limestone (Gleason et al. 1974).
This has important ramifications for the movement and storage of water as well as the
establishment of plant communities
According to Gleason et al. (1974) bedrock configuration established the drainage
directions prior to peat deposition in the Everglades. These patterns appear to have changed little
over the course of time. For instance, Gleason et al. (1974) note that tree island orientation is
correlated with drainage directions expected from bedrock topography.

Peat Formation
Paleoecological studies based on the examination of peat or soil cores can provide
information about the Everglades system since its formation. Radiometric dating analyses, such
as C-14 and Pb-210 allow researchers to date the levels in the cores. Peat type and pollen
remains provide a picture of what the vegetation of the area was like at each time period. Diatom
remains provide information concerning water quality in the past, particularly past pH and
nutrient levels. Numerous cores have been analyzed in the Everglades by various researchers.
Approximate core sites discussed in this study are given in Figure 1.
Peat formation in the Everglades began around 5000 years before present (YBP) in the
northern Everglades, and around 2000 YBP further south (Gleason and Stone, 1994). This
information is the result of C-14 dating of basal peats in numerous peat cores. Thus,
geologically, it is a relatively young ecosystem.
Richardson (unpublished data) collected peat cores from four sites in the Everglades, one
from Loxahatchee, one from WCA-2A, one from WCA-3A and one from ENP. Accelerated

mass spectrometry C-14 dates for depths between about 40-50 cm indicate that there has been
more peat accumulation in the north. For instance, the date estimated for the 36-38 cm depth
from a core in ENP was about 2400 YBP. However, for the core collected from WCA-2A the
date estimated for the interval 33-48 cm was only about 800 YBP (Richardson, unpublished
data). This suggests different patterns of peat initiation and much higher rates of accretion in the
northern compared to the southern Everglades.

Broad Environmental Changes Inferred from Peat Analyses
Data obtained from the examination of a number of peat-core stratigraphies indicate that
between 2000-3000 YBP there was probably a period of reduced seasonal flooding in the central
to southern Everglades (Gleason et al. 1974). Data from sites in the north were less conclusive,
only indicating that an environmental change had occurred.
Several peat cores (Gleason et al., 1974, Gleason and Stone, 1994, Stone, 2000) indicate
that vegetation shifts at a given coring site were common over the last 4000-5000 years in the
Everglades (Figure 2). Unfortunately, many of these cores have only a basal date, making it
difficult to determine exactly when these vegetation shifts occurred. In a peat core collected from
a tree island in the northern region of WCA-2A (Core 7), there was a bottom C-14 date of 4235
YBP in a sapropel layer. Below this dated horizon was a calcite mud layer. Calcite mud layers in
peat cores are thought to represent drier periods that favored the precipitation of calcium
carbonate. Above the sapropel layer is a thick layer of sawgrass-water lilly peat that probably
spans a period of about 2000 years (between about 3500 and 1500 YBP). Above this layer is a
thinner sawgrass layer, probably spanning the period between about 500 to 1500 YBP, followed
by a proto-hammock layer (Figure 2). Although there was no cattail peat found in this core,

cattail pollen has been found in the marsh (sawgrass/water lily) peat towards the bottom of the
core, suggesting that cattail was abundant during the initial stages of peat formation (Stone,
2000). Peat cores typically show shifting among sawgrass and water lily communities over much
of their lengths (Gleason et al. 1974, Gleason and Stone, 1994, Stone 2000). It is not known if
these shifts represent climatic or hydrologic changes or whether they represent lateral shifts in
the vegetation mosaic (Stone, 2000). Importantly, the data suggest that these Everglades
community types were capable of rapid reestablishment when conditions were favorable.

Pollen Indicators of Changed Hydroperiods and Drainage Effects
A study of pollen stratigraphies by Willard et al. (in press a.) finds that between about
1200 and 2000 YBP, there was an interval of longer hydroperiods and relatively deep water in
the northern Everglades as evidenced by the pollen profiles shown in Figures 3 and 4. There
were shallow water conditions and probably droughts between about 1200 and 800 YBP. After
800 YBP, there was a return to wetter conditions in the northern Everglades. Pollen indicative of
slough vegetation was common until about 1930 AD, when there was a shift to taxa indicative of
shallow water (Figures 3 and 4).
During the last century, there have been rapid changes in the plant communities in the
Everglades. Both pollen and peat type show that vegetation patterns over the last 500 years were
relatively stable in comparison to the major changes that took place in the 20th century (Willard
et al. in press a., Gleason and Stone, 1994). Overall, there has been a loss of sloughs and tree
islands (e.g. Willard et al. in press a., Hofmockel and Richardson, in press). In general, the
landscape was less fragmented and less compartmentalized prior to the 20th century.

The pollen data suggest that anthropogenic changes to the hydrology of the Everglades
had an impact on the vegetation as early as 1930 AD, as evidenced by increases in weedy
annuals (Willard et al. in press). Although anthropogenic impacts are often thought to have
occurred mainly in the northern sections of the WCAs, pollen profiles from the southern areas
also reveal the effects of drainage (Bartow et al. 1996, Cooper and Goman, in press).
These changes in the pollen stratigraphy likely reflect changes in the drainage patterns.
For instance, by 1917 AD, four major canals had been dug, and by 1928 AD, the Tamiami trail
construction was complete (Light and Dineen, 1994). The next period of development did not
occur until the early 1950’s, when the eastern perimeter levee was constructed as well as water
control structures that allowed discharge from what was to become WCA-2 into WCA-3. In the
1960’s the WCAs were established and water control structures that regulated flow from WCA-1
to WCA-2 were constructed (Light and Dineen, 1994).
Concomitant changes in vegetation occurred between 1950 AD and 1960 AD, when there
were increases in sawgrass, indicating a drier hydrologic regime. Willard et al. (in press a.) assert
that the drying was induced by anthropogenic changes in the area (e.g. building of canals and
levees and the establishment of the water conservation areas) because rainfall patterns during this
period show a higher than average precipitation. Therefore, the drier conditions were not simply
the result of climatic changes in precipitation. Bartow et al. (1996) also found that there was a
shift to pollen indicative of drier communities after about 1950 AD in cores from the northern
and southern portions of WCA-2A (Figures 5 and 6). Cooper and Goman (in press) saw a similar
shift towards drier conditions after about 1960 AD based on pollen from cores in WCA-2A
(Figures 7 and 8).

Figure 7. Pollen influx diagram for site EN1 in northern WCA-2A.
From Cooper and Gorman (in press).

Figure 8. Pollen influx diagram for site U1 in southern WCA-2A.
From Cooper and Gorman (in press).

Another important impact of anthropogenic changes to the natural hydrology of the
system is the loss of tree islands. Prior to ca. 1950 AD, tree islands were more common in WCA2A (Hofmockel and Richardson, in press) (Figure 9). The decline has been attributed to water
impoundment during the 1960’s that resulted in the drowning of tree islands (Richardson et al.
1996) (Figure 10). A study of soil cores collected from existing tree islands indicates that tree
islands had formed by about 1200 AD. Tree islands were found to have substantially higher soil
TP and higher elevation than the surrounding marsh areas (Willard et al. in press b.) (Figure 11).

Paleoecological Evidence of the Effects of Nutrient Enrichment
Evidence of nutrient rich agricultural runoff and runoff from Lake Okeechobee is
documented in soil cores from WCA-2A. Cores collected from areas near the outflow of canals
from the EAA show increases in Typha pollen after about 1975 AD (Cooper and Goman, in
press, Willard et al., in press a.). Furthermore, analyses of diatoms from soil cores from WCA2A show that diatom species indicative of eutrophic conditions start to increase after 1960 AD
(Slate and Stevenson, 2000; Cooper and Goman, in press) (see Figures 12 and 13). These data
suggest that diatoms may serve as an early warning indicator of eutrophication.

Diatom Indicators of the Effects of Canal Digging
The examination of diatom remains revealed another effect that the construction of canals
had on water quality. Two studies found a higher incidence of the acid-loving diatom genus
Eunotia prior to 1960 AD (Slate and Stevenson, 2000; Cooper and Goman, in press) (Figures 13
and 14). This indicates that conditions were more acidic prior to about 1960 AD. The change is
probably related to the deepening of drainage canals that took place in the late 1950s, which

Figure 9. Tree island distribution in WCA-2A and adjacent areas in 1953, 1980, and 1995.

Figure 10. Mean daily water elevation in WCA-2A at station 2A-17 from 1952 through 1996.
The upper horizontal line indicates the average water level during the 44 years of
measurement. The lower horizontal line depicts the mean soil surface elevation
of 3.5 meters.

Figure 12. Percent abundance of diatom taxa that are indicators
of high soil total P at site EN1 in northern WCA-2A and
site U1 and U4 in southern WCA-2A. From Cooper and
Goman (in press).

Figure 14. Percent abundace of Eunotia species at site EN1 in northern WCA-2A and
sites U1 and U4 in southeren WCA-2A. Eunotia species are indicative of
acidic conditions. From Cooper and Goman (in press).

exposed the underlying limestone bedrock, thus reducing acidity and likely affecting calcareous
periphyton mat formation.
Conclusions
Although many of the major impacts in the Everglades occurred after 1950 AD,
anthropogenic effects are evident earlier in the century as demonstrated by pollen profiles. For
instance, Willard et al. (in press a.) found that weedy annuals increased around 1930 AD. Public
outcries also suggest that the landscape experienced substantial anthropogenic perturbations prior
to 1950 AD. Small (1929) published a book entitled “From Eden to Sahara Florida’s Tragedy” in
which he decries the destruction of natural communities in South Florida. Moreover,
paleoecological studies of the Everglades that span millennia as opposed to decades show that
vegetative communities have shifted in the past. However, these communities typically persisted
over long time periods (centuries). For these reasons, it is important that restoration efforts
consider the history of the Everglades beyond the last fifty years.
One of the gaps in our knowledge concerning the Everglades of the past is that it is not
clear how representative core data is for a given area. In other words, is the information derived
from a given core site specific and can it be used to depict an entire section of the Everglades?
Tragically, not enough of this work has been done, nor is it planned prior to the extensive
restoration effort underway. This question could be addressed easily by analyzing multiple cores
from a given area. In addition, a study of pollen transport in the Everglades would be very useful
to researchers. This would allow researchers to estimate the source area for pollen deposition and
allow for a better interpretation of pollen profile data.
Many of the current core studies have focused on areas in the Everglades that are
underlain by Loxahatchee peat. These areas may share some inherent similarities but surely are

not representative of the entire Everglades ecosystem. Analyses of additional cores from other
areas (e.g. those underlain by Everglades sawgrass peat, tree islands and slough areas) should
also be performed to allow for a more complete picture of the environmental history of the
Everglades. Unfortunately, only a limited number of cores have been taken and the government
agencies (e.g. Army Corp of Engineers, U.S. Geological Survey, EPA, and FDEP) have no
further plans to complete this work prior to the start of the restoration effort. This provides only a
scant view of true distributions of Everglades plant communities prior to the major human
disturbances of the 20th century.

Summary
Key features of the environmental history of the Everglades with respect to plant
communities are summarized below. Figure 15 shows a timeline of general environmental
changes in the northern, central and southern Everglades.
•

The Everglades is a dynamic ecosystem that has shown shifts in plant communities over the
last 5000 years.

•

There are inherent differences between the northern and southern Everglades as evidenced by
bedrock geology, peat type, hydrology, vegetation and diatoms.

•

The northern part of the Everglades has historically shown higher peat accretion rates as
compared to the southern areas.

•

The most dramatic changes have taken place during the 20th century and are associated with
development, particularly the construction of drainage canals. These changes have included a
loss of slough areas and tree islands, and an increase in pH

•

Changes in the northern Everglades affected by agricultural runoff included higher
incidences of eutrophic diatoms. Later changes included the replacement of sawgrass and
slough communities by Typha.

•

A loss of acidophilic diatoms occurred after about 1960 AD, and is probably related to canal
digging that exposed limestone bedrock. This has important consequences for restoration
plans that are focused on maintaining a calcareous periphyton mat community in areas that
were formerly acidic, and therefore probably had few periphyton mats.

II.

What do we know about the present plant communities and controlling
factors in the Everglades?
Community Types

Richardson (2000) described the key plant community types found in the Everglades. Below we
have included descriptions of those community types to aid in focusing on what communities
need to be restored if we are to maintain the community diversity typical of the original
Everglades.

Sawgrass
Sawgrass (Cladium jamaicense) is the dominant vegetation community found throughout
the freshwater Everglades mire. Sawgrass grows to 2-3 m in height on deep peat but only 0.5 m
on shallow peat. It prefers sites with a fairly constant water depth of 10-20 cm (Toth 1987,
Gunderson 1990). Its presence in the Everglades is due to its ability to survive fire, low soil
nutrient content and occasional freezing (Stewart and Ornes 1975b). It does not survive well in
high variable (>30 cm) water regimes (Toth 1987). The current diking and flooding in portions

of WCA-2 and other parts of the Everglades has resulted in the loss of this community due to
deep and fluctuating water levels. Sawgrass occurs either in almost pure stands or mixed with a
wide variety of other plants, e.g., bulltongue (Sagittaria lancifolia), maidencane (Panicum
hemitomon), pickerelweed (Pontenderia cordata) or cattail (Typha spp.) (Loveless 1959).
Estimates of the extent of mixed sawgrass areas range from 65 to 70 percent of the remaining
Everglades fen (Kushlan 1987, Loveless 1959, Schomer and Drew 1982, Steward and Ornes
1975b, Davis 1994). Davis et al. (1994) estimated that pure sawgrass dominated areas currently
make up only 38% of 417,000 ha of historic sawgrass plains and sawgrass dominated areas.
Wet Prairie
Wet prairies are one of the common vegetation types in the northern Everglades. Often
referred to as “flats,” these freshwater communities are characterized by low stature, emergent
plant species and are found in the northern and central Everglades in conjunction with tree
islands (Goodrick 1984, Gunderson and Loftus 1993). Wet prairies exist on both peat and marl
soil. The wet prairies in the south, that are found on calcitic mud or marl, occur on higher and
drier sites, but are wet 3 to 7 months of the year (Davis 1943, Gunderson and Loftus 1993). The
water depth of these areas is generally less than sloughs but deeper than sawgrass and thus the
vegetation seldom burns. Loveless (1959) described three well defined wet prairie associations
in the northern Everglades: (1) Rhynchospora flats, (2) Panicum flats and (3) Eleocharis flats.
These plant associations are composed primarily of Tracey’s horned rush (Rhynchospora tracyi),
gulfcoast spikerush (Eleocharis cellulosa), both sedges, and the wetland panic grass, maidencane
(Panicum hemitomon). However, many other plant species may also be present on these flats,
depending upon hydrological conditions, the season of the year and soil type. Wet prairies
usually dry out on an annual basis and are more of the transition zone between sawgrass areas

and sloughs (Goodrick 1984). Wet prairies require seasonal inundation with standing water
present for 6 to 10 months of the year (Schomer and Drew 1982). Seasonal drying of the moist
soil conditions in these communities is required for seed germination and establishment of new
seedlings (Dineen 1972).
Sloughs
Sloughs are open water marsh areas found primarily in the northeast and south-central
Everglades that are dominated by floating aquatic plants with some emergent plants of low
stature (Davis 1943, Loveless 1959). Sloughs are one of the most widespread community types
in the Everglades. Aquatic sloughs represent the lowest elevation of the Everglades ecosystem,
except for ponds. They have deep water levels averaging 30 cm annually and longer inundation
periods than other Everglades wetland communities (Gunderson and Loftus 1993). Sloughs
occur throughout the Everglades, with the largest pond-slough systems occurring in the
Everglades National Park (Shark River and Taylor Sloughs) and portions of the northern
Everglades (McPherson et al. 1976). Sloughs are the narrow, drainage channels that are usually
water-filled, or at least wet, most of the year. The “valleys” of these channels average only a few
cm to 60 cm below the elevation of adjacent marsh areas. Not as extensive as they once were,
some apparently have been replaced by either sawgrass or wax myrtle and willow stands. Cattail
has also filled many of the sloughs in the natural enriched areas of the northern Everglades
(Rader and Richardson 1992, Urban et al. 1993, Craft and Richardson 1997). This reduction in
slough areas has also been due to artificial drainage and the increase in sawgrass in the southern
Everglades (Loveless 1959, Davis et al. 1994). Sloughs are easily recognized by their drainage
patterns and by their characteristic plant species, such as white waterlily (Nymphaea odorata),
floating hearts (Nymphoides peltata), bladderworts (Utricularia spp.), spikerushes (Eleocharis

spp.), European cowlily (Nuphar luteum) or lemon bacopa (Bacopa caroliniana) (Davis 1943,
Loveless 1959, Van Meter-Kasanof 1973, Gunderson and Loftus 1993).
Several factors make both sloughs and wet prairies ecologically important in the
landscape of the Everglades. During the dry season sloughs serve as important feeding areas and
habitats for Everglades wildlife. As the higher elevation wet prairies dry out, sloughs provide
refuge for aquatic invertebrates and fish. The high concentration of aquatic life, in turn, makes
sloughs important feeding areas for Everglades wading bird populations. When the marsh is reflooded, these areas serve to repopulate the fen as water level rises (Loveless 1959). The
slough/wet prairie sawgrass mosaic covers 271,000 ha (44%) of the remaining 618,000 ha area
of the Everglades (Davis et al. 1994). The plant species diversity tends to be higher in sloughs
and wet prairie communities than in pure sawgrass and cattail marsh communities (SFWMD
1992, Craft et al. 1995). The abundance of macroinvertebrates, fish and wading birds is also
higher in sloughs than in sawgrass and cattail marshes (SFWMD 1992; Rader and Richardson
1992, 1994; Davis and Ogden 1994).
Tree Islands (Bayhead/Swamp Forests)
The broadleaf, hardwood forests are called tree islands locally. The islands refer to a
variety of tree clusters that stand above a matrix of shorter vegetation (Craighead 1984). They
occur generally throughout the entire region but are most abundant in the central part of WCA-1
(Loveless 1959). Tree islands may be bayhead (swamp forests), hammocks (upland forest), or
both (Davis 1943, Gunderson and Loftus 1993). Red bay (Persea borbonia), swamp bay
(Magnolia virginiana), dahoon holly (Ilex cassine), willow (Salix caroliniana), and wax myrtle
(Myrica cerifera) dominate the swamp forests. The large tree islands have a teardrop shape with
the main axis paralleling the flow of water. The small islands (~ 100 m2) are usually round. The

forests are found on the highest sites in the Everglades, on a peat classified as Gandy peat (Davis
1943, Loveless 1959). The sites are wet 2 to 6 months/yr., but in drought conditions these
systems are very susceptible to burning (Gunderson and Loftus 1993). The soil P nutrient
content of tree islands is usually much higher (>1000 mg kg-1 vs. 500 mg kg-1 of P) than the
surrounding landscape (Richardson, unpublished data, Willard et al. in press b, figure 11).
Willow Heads, Cypress Forests, Pond Apple Forests and Hardwood Upland Hammocks
These forest types comprise only a small amount of area in the Everglades. They
comprise interesting communities with distinct species. The pond apple forest (Amnona glabra)
existed primarily south of Lake Okeechobee in a band 5 km wide (Davis 1943). The land has
been totally developed for agriculture and now the species only exists in small, scattered stands.
Willow heads exist throughout the Everglades in monotypic stands (Loveless 1959). They exist
in fire-disturbed areas, as well as around alligator holes. Broadleaf hardwood trees of both
temperate and tropical origin dominate the upland hardwood hammocks. Dominant trees include
live oak (Quercus virginiana), gumbo limbo (Bursera simaruba), sabal palm (Sabal palmetto)
and strangler fig (Ficus aurea). The cypress forests are found only in the southwestern
Everglades and are dominant in the adjacent Big Cypress National Preserve. Pond cypress
(Taxodium ascendens) is very short and occurs as widely scattered individuals displaying very
stunted growth. They are often called dwarf or hatrack cypress and seldom reach heights over 3
to 5 meters.

Controlling factors
A basic understanding of the factors controlling plant community structure and
succession in the Everglades is essential to the development of any water, fire, or nutrient

management plans to maintain Everglades plant communities (Figure 16). Climate, hydrology,
fire, nutrients and invasive species all influence the vegetation patterns that we see in the
Everglades today.
Climate
Historically, the primary factor controlling succession in Everglades communities was
climate, with fire and hydrology next in importance in influencing community structure. For
instance, peat core studies document wet and dry climatic periods with corresponding changes in
vegetation (Gleason and Stone, 1994).
Climate continues to play an important role today. The subtropical climate of south
Florida has hot humid summers, mild winters and a distinct wet season with 80% of the rainfall
falling between mid-May through October (MacVicar and Lin 1984). The Everglades has more
in common with tropical climates in that a wet/dry season is probably more important to
vegetation composition than seasonal differences in temperature. Daily temperatures average
above 27° C from April through October in the northern part of the Everglades and from March
to November in the southern part. Average daily temperatures are above 10° C even in the
winter, but temperatures may drop below freezing occasionally. A key component of climate
control over vegetation patterns and succession is the amount of precipitation. A 71-year analysis
of annual rainfall over south Florida (1915 to 1985 AD) reveals that between 1,016 mm and
1,524 mm were received annually during 80% of this time period. Approximately 66% of the
annual rainfall occurred between June and October, the wet season (SFWMD, unpublished data).
The median annual precipitation was 1,336 mm with a low of 990 mm in 1956 AD, and a high of
1,955 mm during the hurricane of 1947 AD (MacVicar and Lin 1984). Hurricanes (sustained
winds of 120/km hr) are an important reoccurring event (~ every 3 years) in south Florida and

can produce great wind damage, and significant increases in annual rainfall and storm surges
(Gunderson and Loftus 1993). Evapotranspiration is an extremely important component of the
Everglades since it has been estimated that 70 to 100% of rainfall exits the Everglades this way
(Dohrenwend 1977, Fennema et al. 1994). This is due in part to the fact that with virtually no
elevation gradient and high vegetational resistance to water flow, the Everglades exhibit
extremely slow surface water flow (0 to 1 cm/sec) (Rosendahl and Rose 1982, Romanowicz and
Richardson, 1997).
Hydrology
Hydrology is another major component affecting vegetation dynamics in the Everglades.
Clearly, the vegetation of WCA-2A has suffered immensely under the past water management
regimes. The altered hydroperiod (i.e., the number of days that the wetland ecosystem has
standing water at or near the surface) has been dramatically decreased in some areas and
increased in others over the past 60 years (Davis and Ogden 1994). The flooding, caused
primarily by the diking, has decreased fire’s importance in many areas. Increased water levels
have also resulted in a loss of tree islands (Davis et al. 1994; Hofmockel and Richardson, in
press). Although hydrology is known to be an important factor in structuring the vegetative
communities of the Everglades, most studies are comparative, studying sites with different
hydrologies. Unfortunately, fewer studies have examined the direct effects of hydrology through
experimental manipulation.
The Duke University Wetland Center WCA-2A Field Studies (hydrology, nutrient and
fire interactions) investigated plant community response to environmental variables, including
hydrology. Studies of hydrology found the northern areas of WCA-2A to have an extensive
number of consecutive days over the past 15-20 years with nearly no standing water (Figures 10

and 17). By contrast, regions in the southern part of WCA-2A had much longer average
durations of standing water greater than 30 cm in depth than northern regions.
To some degree, the influence of changes in water depths was shown in recent vegetation
surveys. We found the amount of bare or open ground comprised nearly 13% of all measured
points along our survey (Richardson et al., 1996). However, in some years the percentage of
open or bare ground was surprisingly high and reached nearly 30% at some transect locations in
southern sloughs due to increased water holding in WCA-2A during several years in the early
1990’s. These findings suggest that greatly lengthened periods of increased water depth in the
1960’s may be responsible for the initial weakening or death of sawgrass, resulting in the
availability of open niches for the spread of cattail and other emergents into the northern part of
WCA-2A. Of greater importance to cattail establishment and expansion may be the long, low
water levels maintained in the enriched areas of the north part of WCA-2A. This allows cattail
and other weedy species to maximize their growth in these less flooded but P-enriched soils. As
a result of these hydrologic changes and P nutrient addition, sawgrass, the dominant plant
species, has been weakened in many areas of the Everglades (Richardson et al., 1999).
Thus, changes in the duration, depth of water, and flooding regimes in WCA-2A need to
be considered in any restoration plan if the goal is to reduce cattail and restore other native
species. The current water-management regimes of pumping water, and pulsed water flows favor
cattail over sawgrass and other slough species in most areas of WCA-2A. The only exception to
this is the western region of WCA-2A. Here, the best remaining monocultures of sawgrass stands
exist due to very low hydrologic flow conditions, with rates close to historical patterns. The
western area hydrology differs from the rest of WCA-2A because it is dominated by rainfall, and
receives only limited inputs of pulsed water and extended water depths in excess of 30 cm

Figure 17. Average duration of water depth for the periods of 1980 - 1990 and 1990 - 1996. These
duration represent the average number of consecutive days with water at <5, >30, >60, or
>90 cm at each location. Lines showing areas of similar depth are indicated for the central
area of WCA-2A.

seldom occur during the growing season (Richardson, unpublished data). Moreover, the high
number of plant species invasions in the northern part of WCA-2A suggests that long periods of
reduced hydrologic conditions followed by massive pumping of water in the wet season are
conducive to exotic or weedy species invasions. Cattail also expands under the elevated P
concentrations found in this region (Richardson et al., 1996, Vaithiyanathan and Richardson,
1999).
Other studies also indicate that changes in hydrology have favored the growth of cattail
over sawgrass in WCA-2A. Wu et al. (1997) found that cattail outcompetes sawgrass under high
water conditions. Urban et al. (1993) found that in the absence of substantial nutrient enrichment,
hydrology is the main factor controlling cattail population dynamics. For instance, they found
that during wet years, cattail increased more rapidly than sawgrass at sites in WCA-2A and
drought years reversed the trend. They suggest that the impoundment of water in WCA-2A prior
to the lowering of the water regulation schedule in 1980 AD contributed to the increase in cattail
density. They, along with Craft and Richardson (1998) and Richardson et al. (1999), found that
nutrient enrichment accelerated this trend.
Cattail has not only invaded areas that were once monotypic sawgrass marshes, but it has
also invaded slough habitats. This is presumably the result of lengthening of the hydroperiod and
the lack of a dry period in certain regions. Wade (1980) notes that cattails have invaded along
canals, in impoundment areas, and the wetter southern ends of the WCAs, where surface water is
always present. Nutrient enrichment in some of these areas has probably accelerated the growth
of cattail.

Fire
In addition to hydrology, the fire regime also affects the vegetation of the Everglades.
Fire has long been a part of the Everglades ecosystem. For instance, Cohen (1974) found layers
of charcoal-rich peat from a series of cores collected in the Everglades. However, he found no
evidence of a widespread burning of peat, as charcoal layers were not synchronous in any of the
cores.
While fire has always been a component of the Everglades ecosystem, the fire regime has
probably changed as a result of changes to the hydrology. For instance, high intensity fires have
likely increased as a result of drainage in certain areas. High intensity peat burning fires typically
kill the vegetation, while less intense fires do not. Sawgrass is well adapted to withstand surface
fires, but not the peat burning (muck) fires. Egler (1952) noted that “the herbaceous Everglades
and the surrounding pinelands were born in fires…they can survive only with fires… they are
dying today because of fires” (in Gunderson and Snyder, 1994).
The effects of fire, hydrology, and climate can have a synergistic effect on vegetation.
For example, Richardson et al. (1996) found that cattail was largely removed from a P-enriched
area that experienced a winter freeze and a fire within the same year. Surprisingly, sawgrass
density increased following these events (Figure 18). Fire (and or freezing) alone may be
insufficient to restore sawgrass. For instance, if there is a severe dry season following the fire,
new sawgrass seedlings may not survive. Craighead (1971) notes that at study plots established
in the 1960’s, sawgrass failed to recover after fire, although seedlings were established in great
numbers. Winter droughts in 1962 and 1965 killed most of these seedlings before they had
flowered. Newman et al. (1998) report that a 1981 peat burning fire in the Rotenberger preserve
resulted in the replacement of sawgrass by cattail. This area experiences a reduced hydroperiod

compared to other regions in the northern Everglades (Newman et al. 1998). The combination of
a muck fire and a short hydroperiod may explain the loss of sawgrass following fire in this area.
The climate and hydrologic regime following fire is thus important for seedling survival and
sawgrass regrowth.
Nutrients
Many studies have focused on the effects of nutrients, particularly phosphorus, on
Everglades vegetation. Both experimental studies and comparative regional studies have been
carried out.
Nutrients in agricultural runoff are known to affect vegetation in WCA 2A. Craft and
Richardson (1990) and Richardson et al. (1999) found that cattail density increases with
proximity to the canal outflow structures in WCA-2A (Figure 19). Richardson et al. (1996) found
that a major change in macrophyte species composition apparently occurs once the soil P
concentrations exceed the 700-900 mg/kg of TP. They conclude from these data that 500-700
mg/kg of TP may represent the soil P threshold zone for many species in the Everglades
(Richardson et al. 1996).
Numerous studies have been performed to document the effects of nutrient enrichment on
cattail and sawgrass growth parameters. Studies have shown that cattail growth is positively
correlated with soil total phosphorus (Craft and Richardson, 1997; Debusk et al., 1994). The P
content of cattail tissue in nutrient enriched areas is higher than the P content of sawgrass tissue
(David, 1996, Richardson et al., 1999). Sawgrass is well known to thrive under P- poor
conditions, while cattail growth is enhanced in P-enriched conditions. However, in a study of
sawgrass seedling growth in a laboratory setting, it was found that fertilized sawgrass seeds
reached maximum germination faster than other seeds. Sawgrass seedlings, however, showed no

response to fertilization (Goslee and Richarsdson, 1996). The replacement of sawgrass by cattail
is probably not due to the direct effects of competition (Goslee and Richardson 1996, Miao et al.,
2000), but due to the opportunistic characteristics of cattail. Cattail is able to successfully invade
areas where sawgrass populations have been eradicated or weakened (for instance, by changes in
hydroperiod or by a severe peat burning fire) and open areas have formed.

Everglades Plant Community Succession
Duever et al. (1976) described successional patterns of inland plant communities in south
Florida (Figure 20). Plant community types are plotted against fire and hydroperiod in Figure
20. Fire is represented as year since last severe fire on the Y-axis, and hydroperiod in days is
represented on the x-axis. Open water sloughs occur when hydroperiods are more than 240 days
and severe fires occur every few years. Wet prairie vegetation occurs under long hydroperiod
conditions, but at longer time intervals since the last fire (2-10 years). Marsh communities
(discussed in the previous sections) thrive under conditions of intermediate hydroperiod and
recent fires. Gunderson and Loftus (1993) describe an idealized profile of Everglades vegetation
that moves from slough to wet prairie to sawgrass along an increasing soil surface elevation, with
sawgrass occurring at the highest elevation. This successional pattern could be reversed with a
severe soil fire, which burns the peat soil down to a minimal substrate. The soil elevation thus
influences the hydrology, with the higher elevation sites experiencing the shortest hydroperiods
(Gunderson and Loftus, 1993).
With the previous background information and a modified Duever et al. (1976)
successional model one could develop a framework for hydrologic and fire guidelines for each of
the Everglades plant communities. This topic is explored further in the next section.

III.

Restoration Plan

What should the vegetation mosaic of the restored Everglades look like and
how should the restoration be achieved?

Restoration Goals
The restored Everglades will not match the pre- 19th or 20th century Everglades in terms
of size and hydrologic conditions. A variety of factors will influence outcome of restoration
(Figure 16). Hydrologic flow, hydroperiod and overall hydropatterns interacting with fire,
drought, and nutrients create a template for community development. Restoration plans should
first strive to ensure that all original community types are represented in similar proportions to
the more natural Everglades system that existed prior to development. For instance, Typha
monocultures in the northern Everglades were not a dominant feature of the landscape. However,
Davis, in 1943, documented an area of approximately 20,000 acres that was dominated by ferns
and cattail in what is now EAA. The reason for this extensive acreage of cattail is unknown, but
it was present prior to significant farming activities in the region. It is possible that this
community formed as a result of a nutrient release following a massive fire. The only other
evidence for abundant Typha in the past occurred shortly after peat formation, around 4000 YBP
(Stone, 2000). Importantly, it may not be feasible to immediately reduce Typha populations to
what they were 100 years ago, but a major reduction of Typha from its present abundance is a
reasonable goal, especially for WCA-2A. In addition, some target basis for each community type
must be established.
Past community distributions are estimated to be approximately 60% sawgrass marsh,
39% slough, and 1% tree islands (Loveless, 1959). Davis et al. (1994) report the pre-drainage

areas for 8 landscape types in the Everglades. The data are converted into a percent area for the
purposes of this discussion (Table 1). While the total area of the Everglades has been reduced by
about 50%, the relative areas of the different community types have not been equally affected.
For instance, three community types have experienced a 100% loss: swamp forest, pond apple
(note: not listed separately), peripheral wet prairie, and cypress stands. Although the sawgrass
plains suffered a total loss of 175,000 hectares, the relative loss was only 10% based on the
current smaller area of the Everglades. We used this information to develop target areas for the
different community types using this original percent area for each community type in the predrainage Everglades multiplied by the current total area. These target areas may be used as a
general range of acceptable area for the different community types.
Detailed site work (soils, hydrology, nutrients) would be needed to firmly establish the
probability that a particular community could or should be established at each location. Some
community types have already exceeded our target and we are not necessarily advocating that
these areas should all be reduced, unless the area is needed to recreate a community type that has
been lost or significantly reduced, and the location is essential and conducive to restoration
requirements. In addition to these calculations, it is suggested that the pond apple communities
that occurred along the south shores of Lake Okeechobee should be reestablished. This
community type was eliminated when the land was cleared for agriculture. Since this community
existed on high-nutrient mineral soils, suitable areas for its reestablishment may be found in the
nutrient enriched portions of WCA-2A (Roy and Gherini, 2000). These data also indicate that the
sawgrass plain area should be doubled.
Again, care must be taken to establish and maintain each community type based on historical
analyses and current controlling conditions.

Table 1. Target total area based on the pre-drainage % Area multiplied by the current total area of the Everglades
(618,000 ha) from Davis et al., (1994). Note that percent areas have been rounded to the nearest percent.
Landscape Type
Swamp Forest
Sawgrass Plains
Slough/Tree Island/Sawgrass Mosaic
Sawgrass-dominated Mosaic
Peripheral Wet Prairie
Cypress Strand
Southern Marl-forming Marshes
Total area

Current
Area (ha)
0
63,000
271,000
94,000
0
0
190,000
618,000

Current %
Area
0%
10%
44%
15%
0%
0%
31%
100%

Predrainage %
Area
5%
20%
27%
15%
10%
1%
21%
99%

Change
in Area
-5%
-10%
17%
0%
-10%
-1%
10%
NA

Target total
Area (ha)
30,900
123,600
166,860
92,700
61,800
6,180
129,780
611,820

Although the Slough/Tree Island/Sawgrass Mosaic does not show a relative decrease in
area, the restoration of tree islands is an important community type that should be restored in the
Everglades. Tree islands provide important habitats and refugia for various plants and wildlife.
However, more research is needed to determine what factors are important in establishing and
maintaining these communities.

Invasive Taxa
An examination of the past vegetative communities reveals that major changes have
occurred, particularly during the last 50 years. Coupled with the loss of certain community types
has been the invasion by both native (e.g. Typha) and non-native taxa (e.g. Melaleuca, Schinus,
and Lygodium). Thus, restoration decisions may first involve the eradication of certain invasive
taxa that contributed to the displacement or disappearance of various community types. Because
extensive programs are underway in south Florida to remove both Melaleuca and Schinus, they
are not part of our restoration guideline document. These plans are outlined in Thayer et al.
(2000).
The climbing fern Lygodium is an invasive taxon that is particularly important, as it alters
the natural fire ecology. For example, burning mats of the fern may be blown into the tree
canopy and start a crown fire. Normally, crown fires are rare in the Everglades (Thayer et al.

2000). The climbing fern is spreading in WCA-2A, WCA-3A and Big Cypress Park. Biological
control measures are currently underway (Thayer et al. 2000).
Vaithiyanathan and Richardson (1999) found that sloughs in nutrient-enriched areas there
had an increase in problem exotics such as water lettuce (Pistia stratiotes) and water hyacinth
(Eichornia crassipes). The native taxa that are normally common in unenriched sloughs,
Utricularea purpurea and Eleocharis sp. showed a decline with the increase in exotics. Both
water lettuce and water hyacinth are considered weed taxa in other countries. Importantly, a
study by Zahina (unpublished Duke University Wetland Center report) in 1996 demonstrated that
both Pistia and Eichornia would not survive in areas of low nutrient water concentrations after
only two months of being placed in a low P area. Unfortunately, present management and control
practices for these species in south Florida consists mainly of the application of herbicides
(Thayer et al. 2000).

Cattail Removal and Sawgrass Restoration
Because sawgrass plains have suffered a great areal loss in the Everglades, restoration of
sawgrass communities is crucial. In some cases, sawgrass has been replaced by cattail.
Furthermore, sloughs and wet prairies have often been replaced by cattail stands, especially in
the northern portions of WCA-2A.
Cattail Expansion Potential
In a macrophyte survey of 55 sites within WCA-2A, Richardson et al. (unpublished data)
found that cattail was most abundant in plots in the northeastern section, in areas close to the
canal outflows (Figure 21). In many of these plots, cattail was the main component of the

vegetation. Plots further west and south of the canal outflow structures had a lower percentage of
cattail. The cattail abundance is generally proportional to soil TP levels.
Qian and Richardson (in press) examined the total soil phosphorus concentrations in
WCA-1, WCA-2A, WCA-3 and Everglades National Park (ENP) to determine the potential for
cattail invasion in areas based on the soil TP content. Previous studies indicated that cattail
frequency was higher in areas that had total phosphorus (TP) values over about 750 mg/kg
(Richardson et al. 1996). At TP levels above about 1000 mg/kg, cattail frequency increases
exponentially and cattail monocultures are present (Figure 22). By combining the information
from these two studies it is possible to identify areas that are conducive to cattail invasion in the
future under current P concentrations (Table 2). The soils in the Qian and Richardson (in press)
study were classified as follows: (1) Background levels less than 500 mg/kg TP and low
potential for cattail invasions (2) Slightly elevated levels of 500-700 mg/kg (3) Elevated levels of
750-1000 mg/kg TP and high potential for cattail invasion (4) Highly eutrophic sites of 1000
mg/kg or more that have a great potential for cattail monocultures. With this classification, about
15% of WCA-2A contains soil TP levels conducive for cattail monocultures. However, almost
half of WCA-2A (49%) is not expected to be susceptible to cattail invasion given the current soil
TP levels. For WCA-1, the low susceptibility cattail invasion area increases to 81%, and is even
higher for both WCA-3 and sampled portions of ENP (Table 2).
Table 2. The percentage of the Everglades area within each soil phosphorus concentration category (top 10 cm of
soil). From Qian and Richardson (in press). Note that areas are rounded to the nearest percent.

Location
WCA-1
WCA-2A
WCA-3
ENP*

<500
81%
49%
90%
94%

P Concentrations (mg/kg)
500-750
750-1000
9%
36%
10%
5%

>1000
4%
8%
0%
1%

6%
7%
0%
0%

Figure 22. Percent cattail frequency compared to total soil phosphorus concentrations collected
along three nutirnt gradients in the upper 10 cm of soil in WCA-2A. The total soli
phosphorus data were collected from 1990 - 1996 surveys.

These data suggest that if soil P levels remain constant or P inputs are reduced, only a
small percentage of ENP and WCA-3 will be susceptible to further invasion by cattail, assuming
that hydrological conditions are carefully monitored and regulated. WCA-1 shows a higher
percentage of areas susceptible to cattail invasion than WCA-3 and ENP. WCA-2A is by far the
most likely candidate for cattail expansion, and the current cattail population supports this
analysis (SFWMD, 2000). Thus when restoration efforts focus on removing cattail, the cattail
populations in WCA-2A should be the first main targets.
In the next section we discuss possible ways to remove cattail, while at the same time
creating suitable conditions for sawgrass establishment.
Understanding Cattail Growth Characteristics for Management
In order to eradicate Typha populations, it is necessary to have an understanding of its
basic physiology and ecology. Linde et al. (1976) recommend that control measures be taken
when the plants are at a physiological weak point. They identified a window of opportunity
during the growing season when carbohydrate reserves (stored in the rhizome) in Typha latifolia
are at a low. This period was identified as the time prior to the beginning of pollination, when
the pistillate spathe leaf emerges and sheds. At their study site in Wisconsin, this period was
relatively short, spanning a two-week period.
In the Everglades, low carbon reserves probably occur more frequently. Typha
domingensis typically produces a lesser number of rhizomes than T. latifolia, thus carbohydrate
reserves are lower (McNaughton, 1966). However, T. domingensis generally produces a greater
number of seeds, which would make it easier for this species to recolonize an area after removal.
This could be another major problem for the Everglades since most of the current stormwater
treatment areas are nearly a monoculture of cattail. This means a greater seed source is being

created than currently exists. Crocker (1939) found that cattail seeds survived 5.5 years of dry
storage and these seeds had a 70% germination rate. This underscores the importance of
maintaining conditions that favor sawgrass growth even after cattail eradication not only in the
restoration area, but in adjacent areas as well.
Another difference between T. latifolia and T. domingensis found by McNaughton (1966)
is that in T. domingensis, reactivation of meristem tissue at the base of shoots from the previous
season’s growth is more common. Thus, it is important that eradication programs involve the
destruction of shoot meristem tissue to prevent regrowth the following year.
The Use of Fire to Manage Cattail and Sawgrass.
Typha eradication may be best achieved through removal by fire and subsequent
replanting of Cladium, along with careful monitoring and modification (if necessary) of
hydrologic conditions. The timing of controlled burns should take into account the phenology of
Typha (discussed earlier) as well as climatic considerations. The effects of recent fires in the
Everglades may not be a good representation of what fires in the past were like. Wade (1981)
asserts that prior to drainage, water levels were typically at or above the ground surface except
during drought years. However, it is now more common to find organic soil that dries enough to
burn, resulting in the damaging muck fires that destroy even fire adapted vegetation, like
sawgrass.
In unburned areas, it has been suggested that excessive litter accumulation in sawgrass
marshes may result in sawgrass declines. For instance, Werner (1975) found that burning of
decadent sawgrass stands stimulated recovery. The best regrowth was seen after January and
February fires. Current fire suppression policies may have led to a decrease in surface fires, as

these are easier to control (Gunderson and Snyder, 1994), thus potentially harming sawgrass
plains if surface fires are necessary for their maintenance.
Wade et al. (1980) suggest that successful sawgrass management depends on the
prevailing fire regime. He cites Florida Division of Forestry’s prescription for burning of
sawgrass in the WCAs to maintain populations:

1.
2.
3.
4.
5.

A falling water table with surface levels of 3-6”
An E to S wind at 10-15 mph
Relative humidity of less than 60%
Stagnation index under 10 (smoke dispersion index)
A 2:1 ratio of dead to live fuel (this is typically achieved by burning every 3-5
years.

Since cattail growth declines in the early dry season, fires during this period may be
particularly useful in the eradication of cattail. Furthermore, cattail shoots are sensitive to
freezing, so a burn during the cold, dry season may accelerate cattail loss.
The use of fire to maintain plant communities is not a new concept in south Florida.
McCally (1999) points out that the aboriginal tribes that inhabited the south shores of Lake
Okeechobee used fire to insure the proliferation of certain plants consumed in their diet
(McCally, 1999). Thus, it is conceivable that fire, in combination with a carefully monitored
hydrologic regime, will result in the successful restoration of sawgrass stands without negatively
impacting other components of the ecosystem.
One issue that needs to be addressed is whether sawgrass will naturally regenerate on
sites that have been occupied by cattail. This will depend in large part on the viability of
sawgrass seeds in the seedbank, and whether the seeds are not too deeply buried. The
regeneration of sawgrass following a fire in WCA-2A transect D (Richardson et al. 1996)
suggests that seeds will sprout under appropriate conditions.

General Restoration Guidelines by Community Type
Restoration of Tree Islands
The restoration of tree islands will likely take more time, as there are no paleoecological
records to date showing shifts between tree islands and other community types. Hofmockel and
Richardson (in press) and Worth (1988) found that flooding that resulted from water
impoundment led to a loss of tree islands in the Everglades. Additionally, restoration will likely
require more than changes in hydrology. Experimental drawdowns in areas where tree islands
existed in the past did not result in the reemergence of tree island vegetation (Worth, 1988).
Much more research is needed on this topic before any recommendations can be made.
Restoration of Pond Apple Communities
The northern, nutrient rich section of WCA-2A may be a suitable locale for the
reestablishment of the original pond apple community. This community once existed along the
higher nutrient shores of Lake Okeechobee, but was lost when the area was reclaimed for
agricultural purposes. Duever et al. (1986) indicate that Pond Apple communities occur in areas
where the hydroperiod is between about 240-360 days per year (Figure 20), but where fire has
not occurred for at least 10 years. Burning of this community (without a change in hydroperiod)
would shift the vegetation back to a floating/emergent aquatic community. Without further
burning, the pond apple community would eventually become dominated by hardwoods. The
restoration of this community will also require further field research to determine appropriate
management regimes for hydrology, nutrients and fire.

Restoration of Wet Prairie
Wet prairies require a hydroperiod that is between that of a sawgrass marsh and a slough
(Gunderson and Loftus, 1993). Wet prairies burn infrequently; so extensive fires would not be
useful in maintaining these communities. The best approach for restoration would be to maintain
the appropriate hydroperiod (between 250-300 days per year), maintain low P inputs, and
prevent the invasion of exotics and cattail.
Restoration of Sloughs
According to Duever et al. (1986), sloughs are inundated year round and often occupy
depressions in peat. Peat depressions are typically formed by fire that burns the top layers of
peat. Sloughs may also occupy depressions in mineral soils. Thus, slough restoration may utilize
fire to initially create a peat depression. This would be followed up with a strict maintenance of
wet season high water levels. Controlled burns and low P inputs may be necessary to maintain
these communities as Duever et al. (1986) show sloughs may be invaded by wet prairie
vegetation (emergent aquatics) in the absence of fire (Figure 20).

IV.

Outline of Proposed experiments and projects to help refine
management plans
In the newly proposed restoration plans (U.S. Army Corp of Engineers and SFWMD,

1999) the concept of adaptive management is suggested as a means to reduce uncertainty in
terms of biotic responses to the newly created hydrologic regimes and concomitant fire and
nutrient regimes. However, it is clear that little is known about the dynamic interactions between
hydrology, fire and nutrients in terms of maintaining Everglades plant communities. Thus, a
series of experiments is badly needed to address interaction effects and reduce uncertainty
concerning the response of plant communities to restoration programs.

The steps to restore any areas should include:

Step 1. To map the current soil nutrient profiles, present vegetation, past
vegetation, open water sloughs and channels, and elevation. Although Landsat
data is available to map landscape patterns, these data need to be verified via
ground truthing. Ideally, an emap style survey of points in WCA’s and ENP
should be established for this purpose.
Step 2. Establish target areas for each community type based on the information
in step 1.
Step 3. The development of a hydroperiod regime for each region so that each
community type located within the area can be maintained.
Step 4. Develop a burning and hydrologic plan for areas with cattail that will
result in the desired target community.
Step 5. The development of a set of experiments that together determine the
effects of fire and hydrology on vegetation in nutrient enriched environments.
Although much work has been done on the direct effects of nutrients on
vegetation, there has been little experimental work done on the effects of fire and
hydrology. Additionally, there have not been experiments that address the
interactive effects that these three variables (hydrology, nutrients and fire) have
on Everglade’s vegetation.
An example of a plan for enriched areas, such as those found in WCA-2A is summarized in
Figure 23.
The following section suggests a series of experiments that could be performed that
would help to define how managers could use fire and hydrology to restore vegetation in the
Everglades. These experiments involve a series of controlled burns under different nutrient levels
and hydrologic regimes. These experiments would best be performed over the course of at least
one year in order to encompass different seasonal hydrologic regimes.

a. Compare surface fire with an intense muck fire in mixed cattail/ sawgrass
plots. These burns should be performed in both high and low nutrient areas. In
each case monitor to see what vegetation comes back in each treatment.

b. Compare the effects of three different hydroperiods on mixed cattail/sawgrass
plots and monitor to determine whether hydrologic changes alone will have an
effect on cattail density. These experiments should be performed at both high
and low nutrient levels.
c. Examine the combined effects of nutrients, fire and hydroperiod on
vegetation. The following series should be performed in both high and low
nutrient plots of mixed cattail/sawgrass vegetation.
1. Muck fire + saturation + hydroperiod of 225-275 days
2. Muck fire + moderate flooding (~10 cm)+ medium hydroperiod (250300 days)
3. Muck fire + deep flooding (~30 cm) + long hydroperiod (275-360
days). This is expected to create suitable conditions for a slough.
4. Surface fire + saturation + 225-275 hydroperiod. This is expected to
create conditions suitable for a sawgrass marsh.
The prescribed burning plans would have to be approved and done in conjunction with the
Florida Game and Fish Commission. To complete the hydrological studies, either a series of
enclosed plots need to be constructed or various areas of different hydroperiods within the marsh
have to be located for these experiments.
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